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METHOD OF INCREASING SEAFOOD PRODUCTION IN THE BARREN OCEAN

BACKGROUND OF THE INVENTION

The field of the invention is the production of seafood.

part of the natural scene rather than changing the natural scene for their own
purposes. About 7,000 to 8,000 years ago in the Middle East, this changed with
the domestication of wild animals, such as the cow, pig, goat, sheep and dog. At
that point, our ancestors began herding domestic animails to the best pastures with
changing seasons and conditions. Our ancestors continued to hunt and gather
food, but found herding more productive. This trend continued with the

domestication of the horse in the arid regions of Western Asia.

Then about £,500 years ago, a new invention swept the then-civilized
world. This invention was the moid-board plow, which increased the productivity
of a farmer by about a factor of seven. It also changed the way we looked at the
land, from passive acceptance to active intervention. This change resulted in the
planting of favorite crops, rather than accepting what had always grown there. Qur
ancestors also began to add water and nutrients to the soil, to further increase

productivity.
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These transitions were not always smooth or without controversy. For
many years, there was a free range in the Western states of the United States of
America. At that time, some argued strongly against fences, roads, houses, farms
and raliroads. They argued that cities would follow such encroachments on the

free range, and they were right.

While such transitions have progressed considerably on the iand resulting
in an increase in output of about two thousand times. they have hardly begun on
the oceans which cover almost three fourths of the earth’s surface. A similar
return In the increased productivity of the oceans may be achieved by similar

changes.

The fishermen and the fisherwomen of the world have known for many
years that there is a great variation in the productivity of the different areas of the
oceans and other bodies of water. Recently, the extent of this variation has been
measured and the reasons for it determined. It is now known that about 60% of
all life in the ocean arises from 2% of the ocean surface. Thus, the ocean may be
considered as a vast barren desert with only a few verdant zones where life
abounds. These verdant zones are easy to spot. For most of the ocean surface,
you can see about 150 to 300 feet (about 46 to 91 meters) through the water, as
you can see in the Gulf Stream. In contrast, you can see only a few feet through
the water in the productive zones of the oceans because the living matter in the

water i1s so dense. This is the case in the natural upwelling oft the coast of Peru.
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Samples have been taken from these productive zones, and from other
areas of the ocean. The difference has been determined. The productive zones of

the ocean are rich in iron, phosphorus, nitrogen and trace minerals., while the rest

area in the ocean. There is considerable variance in the nutrients present in
ditferent zones of the ocean surface, and samples must be taken and analyzed in
order to ascertain the exact level of nutrients required to obtain the productivity of

the Peruvian upweilling.

The oceans differ from the land in several regards: (1) there is never a
drought in the oceans; (2) the oceans move: and (3) the oceans mix both vertically
and horizontally. The first difference means that the oceans need oniy minor
constituents in order to achieve improved productivity. The second difference
means that the fertilization may be carried out at a iocation that is quite distant
from the location where the harvesting of seafood is carried out. The third
difference means that the fertilization must be carried out on a large scale, or the

results of the fertilization may be impossible to find.
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SUMMARY OF THE INVENTION

A method of improved production of seafood in the open ocean is achieved
by (1) testing the water at the ocean surface in order to determine the nutrients
that are missing or are in too low concentration, (2) using a fertilizer that releases
an appropriate amount of these nutrients over time and in a form that remains
available to the phytoplankton (for example, the nutrients should not leave the
photic zone by precipitation to any substantial extent) to fertilize the ocean, (3)
seeding the fertilized ocean with favored phytoplankton and fish and (4},
harvesting the seafood that is produced by the fertilization. The testing may be
carried out by any of a number of methods that are known to one of ordinary skill
in the art, in order to ascertain the nutrients that are missing to a significant extent
from the water. A nutrient is missing to a significant extent, if the production of
seafood would be reduced to a significant extent by the level of the nutrient in the
water. An appropriate amount of a missing nutrient is an amount to raise the
concentration of the nutrient at the ocean surface so that the production of
seafood is no longer reduced to a significant extent by the concentration of the

nutrient.

The fertilization of the barren ocean to increase seafood production may be
carried out with a fertilizer system that comprises one or more fertilizers. |f the
ocean water is missing nitrates, then the fertilizers should comprise nitrogen-fixing

microorganisms, such as blue green algae and phytoplankton (such as

Trichodesmium)} which fix nitrogen in the open ocean, and sufficient nutrients to

cause the bloom of these microorganisms should these microorganisms be missing

.4-
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or be in too low a concentration. The addition of iron may be the only nutrient
required to cause blue green algae and phytoplankton (such as Trichodesmium) to
bloom and to fix nitrogen but iron must be added in a form that protects the iron
from reaction with the ocean water so that the iron does not precipitate but
remains in the photic zone where it can fertilize the ocean plant life. This can best
be done by adding iron in a form of a chelate. If needed, the chelate may be added

In slow release pellets to release the iron stowly into the ocean water.

The fertilizer system should provide the other (non-nitrate and non-iron)
nutrients that are missing from the ocean water. Since these nutrients. principally
phosphate, may react with the iron chelate if the concentrations of the phosphate
and the iron chelate in the ocean water are both high, these other nutrients should
also preferably be added to the ocean water in the form of slow release pellets, or
in the case of phosphoric acid, a dilute solution may be used. These slow reiease
pellets should release each fertilizing element into the photic zone in a form that
does not precipitate or otherwise remove these elements from the photic zone.,
This can be done by applying the phosphate and/or iron fertilizer separately from
the other nutrient fertilizer, such as from opposite sides of a large boat, or from

companion boats.

The fertilizer pellets are compounded to achieve a density of less than
seawater so that they float, releasing their fertilizing elements at or near the ocean
surface. This can be done by attaching the tertilizing elements to a float material
such as glass or ceramic bubbles, and plastic foam, or by introducing gas bubbles

Into the fertilizer peliets during manufacture. The fertilizer pellets may also

_5-



CA 02273337 1999-05-28 PCT/LB 97/ 22 135 ?
IPEA/US 14 DEC 1998

comprise a binder such as plastic, wax, high molecular-weight starch or a

combination thereof, which provides the timed release of the fertilizing elements to

the ocean water.

Many areas of the ocean that rnay be suitable for increasing seafood
5 production by this method do not have indigenous fish populations that can prosper
from the increased plant life produced. Therefore, it may be useful to seed the

fertilized ocean with selected fish species such as filter feeders that can eat the

phytoplankton and zooplankton produced. The harvesting of these seeded fish
stocks and other pelagic and migratory fish attracted to the fertilized ocean area
10 may be carried out at the point of application of the fertilizer system, but at a later
time, or when ocean currents are involved, the harvesting may be carried out at a

point downstream of where the fertilizers are applied, and downstream of where

any seeding occurs.

DETAILED DESCRIPTION OF THE INVENTION

15 Ocean fertilization according to the present invention would greatly increase
the productivity of seafood from the oceans. (The term "oceans” also includes
seas, bays and other large bodies of water). For example, ocean fertilization along
the Atlantic and Pacific coasts of the United States coulid increase the productivity
off these coasts up to the level that occurs naturally off the coast of Peru. This

20 could increase the productivity of seafood along the Atlantic and Pacific coasts of
the United States by a factor of 30 or more, and thereby provide thousands of new

jobs and revitalize a fishing industry that is in decline in some areas of the United

-6-
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States, while at the same time generating a high quality protein food for both
domestic consumption and export. Ocean fertilization could also increase the fish

catch oft the coasts of other countries with the same benefits.

The ocean fertilization could take place within national waters, thereby
assuring that the benefits of the increased production of seafood would inure to
the benefit of the fishing industry of the country that engages in the ocean
tertilization. For example, all of the fertilization by the United States could take
place within the 200 mile (about 323 kilometer) limit, so that essentially all of the

impact would be within U.S. waters.

The basic parameter of ocean fertilization is that about 1 pound (about 0.45
kilogram) of fertilizer produces about 2 to 10 tons (about 1.8 to 9.1 metric tons)
of biomass in the ocean. A conservative estimate would be that a ton (about 0.9
metric ton) would produce about 4,000 tons (about 3,600 metric tons) of biomass

N the ocean.

The productivity per surface area should be higher in the fertilized ocean,
as compared to the fertilized land. Sugar cane cultivation currently produces about
40 tons per acre (about 36 metric tons per 0.4 hectare] per year. |f the same rate
of production is achieved in ocean fertilization, this would be about 25,600 tons

per square mile (about 23,300 metric tons per 2.6 square kilometers) per year.

On the land, fertilization is almost always accompanied by planting. In the

ocean, the fertilization may be combined with the introduction of algae, egg

_7.
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masses and other organisms, including juvenile fish from hatcheries. This may

further increase the production of seafood from the ocean.

On the land, the planting and fertilization are usually carried out in the
spring, and the harvesting is usually carried out in the fall. In ocean farming, the
amount of time between fertilization and harvesting depends on a number of
factors. When fertilizing elements are available the phytoplankton in the tropical
ocean increases by a factor of two to four each day. Then zooplankton graze on
the phytoplankton, the bait fish eat the zooplankton and phytoplankton, and on up
the food chain to the large mammals and fish. Off the coasts of the United States,
the most significant currents are the Guif Stream and the Japanese current. Each
of these flow at about 4 miles per hour (about 6.4 kilometers per hour). Thus,
fertilization at one location of the ocean surface in either of these currents, will
produce resuits for harvesting at another location downstream. A delay time of
about four days would be about 400 miles (about 645 kilometers) at about 4 miles
per hour (about 6.4 kilometers per hour). For the Gulf Stream, this means that
fertilization off of Key West, Florida, would resuit in improved fishing off of north
Florida, with the larger fish coming in off the coasts of Georgia, South Carolina,
North Carolina and Virginia. The improved fishing could continue for many miies

ot the Gulf Stream depending on how the fertilization was carried out.

Testing may determine that ocean fertilization in the Gulf Stream may be
carried out even earlier, such as off the west coast of Florida, so that the
phytoplankton bloom is already underway by the time the Gulf Stream rounds Key

West, Florida. This would allow more time to harvest the larger fish off the East

_8-
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Coast of the United States before the Guif Stream veers east out of the national

waters of the United States.

In the Gulf Stream, the fertilizer is expected to consist primarily of iron with
some phosphates and some nitrogen tixing microorganisms, in order to bring the
nutrient content up to the level of the Peruvian upwelling. The ocean fertilization
should be monitored by testing because the Guif Stream is complex with swirls
and eddies along the coast, and there are the effects of storms, tides and
occasional hurricanes. However, the resuit of ocean tertilization is almost certainiy

that phytoplankton will grow, and the rest will follow.

Ocean fertilization is effective only in the upper level of the ocean, and
preferably in the top about 100 feet (about 30 meters) of the ocean. Therefore the
pretferred method of ocean fertilization will be to produce a fertilizer pellet that
floats with a density less than seawater, and preferably about 0.9 times that of
seawater. This can be accomplished by using low density materials in the
tormulation like waxes, by latching the fertilizer to a float material such as glass
or ceramic bubbles, and plastic foam, or, preferably, by including gas bubbles in
the form of ceramic balloons or gas bubbles in a plastic matrix in the fertilizer
pellet. Where the mixing layer is shallow, it may be possible to disperse soluble
tertilizers, such as phosphoric acid, directly into the wake of the boat, and still

keep the fertilizer in the photic zone.

The fertilizer will preferably be in a form that will dissolve in the surface

water over a period of several days or perhaps as long as two weeks. Therefore,

_9.
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a preferred method of ocean fertilization wiil include the mixture of the fertilizer
with a binder such as a high molecular weight starch, a wax or a plastic matrix
such as cellulose acetate so as to produce a fertilizer pellet that releases the
fertilizing elements slowly in ocean water. This will keep the concentrations of the
fertilizing eiements low so they will not react with each other or with the ocean

water, forming precipitates and leaving the photic zone.

This is especially important in the case of iron fertilization. Iron can be
protected from reaction with the ocean water by adding it to the ocean in the form
of a chelate. The chelate may include ethylene-diamine tetraaceticacid (EDTA),
lignins and many others. Iron lignins can form precipitates with monoamonium
phosphate (MAP) in seawater at concentrations of each, iron and phosphorous,
greater than about two parts per million (sixteen parts per million MAP and 18
parts per millioniron lignin). These concentrations are not a problem as long as the
two fertilizing elements are dispensed separately, as from opposite sides of a boat,

or from separate boats. The preferable cheiates may inciude lignin acid sulfonate.

The fertilizing elements are used up in the verdant ocean water in about 20
days. Therefore, continuous additions of fertilizer will be required to maintain the

desired ocean productivity.

The thus fertilized ocean may be seeded with desirable fish, including filter
feeders such as anchovetta, menhaden and sardines. At a later time special
inducements beyond the large avaitability of bait fish may be included, bringing in

higher-value fish such as tuna, swordfish and dolphin.

-10-
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The amounts of iron, phosphorous and other tertilizing elements added to
the ocean will depend on the requirements to increase the production of seafood.
The initial method of ocean fertilization should be designed to bring the relevant
portion of the ocean surface to the nutrient composition of the ocean surface in the
Peruvian upwelling, because of the known production of seafood there. The
method of ocean fertilization will preferabiy inciude additional testing and studies
of the dynamics of seafood growth under the conditions of fertilization, so that
further modifications and improvements in the composition of the fertilizer and the

rnethod ot ocean fertilization can be achieved.

The ocean fertilization of about 53,000 square miles (about 140,000square
kllometers) at a rate of removing about 1,340 million tt;'ms (about 1,220 million
métric tons) of carbon dioxide (CO,) would initially require about 350,000 tons
(about 322,000 metric tons) per year of fertilizer. This is about 1,000 tons (about
300 metric tons) per day for 350 days per year. If the fertilizer applied to the
acean costs about $400 per ton (about 0.9 metric ton), then the cost is about
$140,000,000per year. The cost of ocean fertilization preferably also includes the
cost of monitoring, testing and reporting, so as to optimize ‘the method of ocean
fertilization, including the optimization of the composition of the fertilizer, the

application rate and the location of application.

The present method of improved production of seafood would have a
significant impact. The production of 50,000,000tons (about 45,000,000 metric
tons) per year of additional seafood along one coast of the United States would

produce a $40,000,000,000industry if the value of the seafood averages $0.40

-11-



CA 02273337 1999-05-28

WO 98/26653 PCT/US97/22137

10

15

20

per pound ( 0.45 kilograms). This wouid create 800,000 new jobs if there was

one job for each $50,000in sales per vear.

The description above is based on the Guif Stream which flows near the
largest centers of population of the United States and has an existing fishing
industry, because the data was readily available. However, the present method
of improved production of seafood is applicable to other areas well. Modifications
of the method will be required depending on the location. For example, the present
method is applicable to the island nations of the equatorial Pacific Ocean as well.
These nations have very large ocean areas within their Exclusive Economic Zones

which could be utilized for this purpose.

Thus, the present method aliows for variation, including variation in the
composition of the fertilizer, as well as the iocation and nature of the application

of fertilizer, depending on the area of the ocean that is being fertilized.

The present method of ocean tertilization could utilize ships that would be
at sea tor about 120 days, and have the capacity to carry about 120,000 tons
labout 110,000 metric tons) of fertilizer. The ships would be provided with pumps
to mix the fertilizer with the seawater, and disperses the mixture into the ocean.
Each ship could be provided with 3 pumps of 2,500 horsepower each, in order to
spray a mixture of 90% seawater and 10% fertilizer over the stern. Each ship
would need to have a capacity of about 600,000 Bblis {about 90,000 kiloliters),

which is a medium size tanker.

-1 2.
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The fertilizer to be used in the present method of production of seafood will
have a number of specifications, such as the rate of release of the fertilizing
elements to the ocean water, the chemical form of the fertilizing elements to
assure that they remain available to the ocean plant life (phytoplankton), and the

5 separation of the fertilizing elements into individual pellets that are introduced into
the ocean some distance apart. Such pellets should have a density of iess than
seawater so they will gradually release their fertilizing elements at or near the

ocean surface.

The seeding of the present method of production of seafood wilil preferably

10 include seeding with nitrogen-fixing phytoplankton in the broadcast stream of
fertilizer pellets. Seeding with desirable fish will also be important since filter
feeder fish will generally not be present in the barren open ocean water prior to
fertilization. Seeding with other higher value fish may also be practiced in order

to maximize the economic return from the venture.

15 Variations of the invention may be envisioned by those skilled in the art and

the invention is to be limited solely by the claims appended hereto.

-13-
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CLAIMS:

1. A method of increasing seafood production in the ocean comprising
the following steps:

(1) testing an area of the surface of the ocean off the coasts, in
order to determine a first nutrient that is missing to a significant extent; and

(2) applying a first fertilizer which comprises said first missing
nutrient, to fertilizer said area of the surface of the ocean with an
appropriate amount of said first missing nutrient, wherein said first fertilizer
comprises an iron chelate, and said first fertilizer releases said missing
nutrient in a form that does not precipitate to any substantial extent, and
said iron is protected from reaction with the ocean water; and

(3) harvesting at least a portion of the increased production of

seafood that results from said fertilization of said ocean off the coasts.

2. The method of claim 1, wherein said chelate comprises a lignin.

3. The method of claim 2, wherein said chelate comprises lignin acid
sulfonate.

4, The method of claim 1, wherein raid second fertilizer releases said

second missing nutrient in a form that does not precipitate to any substantial

extent, and said second fertilizer does not comprise iron.

S. The method of claim 4, wherein at least one microorganism that fixes

nitrogen, is applied with at least one of said fertilizers.

- 14 -
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6. The method of claim 1, wherein said area of the surface of the open

ocean, is in the barren open ocean.

7. The method of claim 1, wherein said step (3) is preceded by the step

of seeding the surface of the ocean with at least one species of fish.

8. The method of claim 4, wherein said second fertilizer comprises
phosphate.

9. The method of claim 4, wherein said second fertilizer comprises trace
minerals.

10. The method of claim 4, wherein said second fertilizer is in the form of
pellets, and said pellets comprise a float material selected from gas bubbles
or low density materials, and said peliets further comprise a binder selected

from plastic, wax, high molecular weight starch, or a combination thereof.

11. A method of ocean fertilization comprising the following step: applying
a fertilizer to fertilize the surface of the ocean off the coasts with a first
nutrient, wherein said first fertilizer comprises an iron chelate, and séid first
fertilizer releases said iron in a form that does not precipitate to any
substantial extent, and said first fertilizer does not comprise a float material,

and said iron is protected from reaction with the ocean water.

- 15 -
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12. The method of claim 11, wherein said chelate comprises lignin.

13. The method of claim 12, wherein said chelate comprises lignin acid

sulfonate.

14. The method of Claim 11, wherein said second fertilizer releases said second
5 nutrient in a form that does not precipitate to any substantial extent, and said

second fertilizer does not comprise iron.

15. The method of claim 14, wherein at least one microorganism that fixes

nitrogen, is applied with at least one of said fertilizers.

16. The method of claim 11, wherein said surface of the open ocean is in the

10 barren open ocean.

17. The method of ciaim 11, further comprising the step of seeding the surface

of the ocean with at least one species of fish.
18. The method of claim 14, wherein said second fertilizer comprises phosphate.

19. The method of claim 14, wherein said second fertilizer comprises trace

15 minerals.

20. The method of claim 14, wherein said second fertilizer is in the form of

pellets, and said pellets comprise a float material selected from gas bubbles or low

-16-
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density materials, and said pellets further comprise a binder selected from plastic,

wax, high molecular weight starch, or a combination thereof.

AL N
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