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Introduction

This work has been sponsored by the National Marine
Fisheries of the National Oceanic and Atmospheric
Administration, United States Department of Commerce; with
contributions in-kind by the University of New Hampshire, the
New Hampshire State Port Authority, the Portsmouth
Fishermen's Cooperative, the Portsmouth Yacht Club, the
Wentworth Marina, and the Cornell/UNH Shoals Marine
Laboratory on Appledore Island. The work reported on herein
was programmed from December 1995 through July 1, 1996 in
the original proposal, but it was extended until December 1996
without additional funds to facilitate additional work during the
summer and to write the final report.

The original purpose and scope of this project was much
more ambitious than was ultimately possible under the
conditions that existed. The goal was to demonstrate, by doing,
the technical economic feasibility of open-ocean codfish
aquaculture using submersible net-pens. This goal called for
parallel biological and engineering efforts.

On the biology side, the objective was to hatch and grow
out a large number of juvenile cod by the Fall of 1995, so that
they could be placed in cages anchored in vacated marina areas
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along the coast. They were to be grown during the winter with
regular feeding to achieve 3/4 lb-1 lb size by April, 1996.

While the cod were being grown, the engineering aspects
of the project called for designing and constructing two
different submersible, open-ocean prototype cage systems by
April 1996. At this time, the biological and engineering aspects
of the project were to join together with the engineers installing
the two different prototype systems in the open-ocean and the
cages loaded with juvenile cod for grow out during the period
April 1996 through August 1996. Because of the nature of the
one time funding program which supported this project, New
Hampshire commercial fishermen were to be employed along
with their vessels for feeding the fish and servicing these pens.
When the fish were harvested, they were to be measured and
the results recorded so that a theoretical market price could be
established for the technical economic evaluation. These

proposed efforts and the timing of them are recorded in a bar
chart shown as Figure 1.

Unfortunately, all of the American hatchery operations for
growing juvenile cod were unsuccessful during the spring and
summer of 1995; so no codfish were available for carrying out
this demonstration project. In an effort to salvage at least part
of the project and demonstrate the technical feasibility of the
submersible open-ocean cages which were being developed by
the summer of 1995, several hundred wild cod were captured in
February, 1996, and held for use in the following spring.
However, the purpose and scope of the project had been
considerably reduced, and became focused on the technical
aspects with no hope of achieving an economic measurement of
the feasibility of cod farming in the open-ocean.
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Month

I 3 6TASK

1. Generating Iuveniles

3,8
3.8.4

3.8,4.2. 6

2.3 Analysis
2.4 Build prototypes 2.6.7.5

1,2,6,7,5
,2,8,4

* 2.10 Write report

3. Offshore Net Pens

1,2,5,6,7
4, .2.1.8,6

4,3,8,2, M

,6,7,1,4
2,6,7

* Indicates deliverables

Figure J. Work Plan-tasks and Schedules.
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I. I Collecting broodstock
1.2 Egg incubation
1.3 Wean fish
1.4 Load out juveniles

2. Intermediate Net Pens
2.1 Gather info.
2.2 Brainstorm

2.5 Install pens
2.6 Grow fish
2.7 Harvest & census
2.8 Transfer offshore
2.9 Remove int. pens

3.1 Alt. cage designs
3.2 Conceptualize
3.3 Scale models
3.4 Sea keeping tests
3.5 Construct pens
3.6 Install & load
3.7 Harvest fish

3.8 Remove cages

4. Technical/Economics
4.1 Analyze costs
4.2 Write report

3.".6.7
2,6,5
2.6.5

1,2.5,6,43,
1,2,5,6,,3,8

1,2,6,7,5

9 12 15 18

.2,8
4,,2,1,6,7,8

1,2.5,6,7
1,2.6



Fi gure 2. Buoyant Cage  /2' D x 10' H! used in both the Yankee and
PUP Suhmersib e Cage Systems, b/ote the 400 ¹ weight ring at bottom
which helps tension the net against penetration by preditors when it is
on the surface and in its submerged mode of operation near the
bottom.

Modified Purpose and Scope

The new purpose and scope which arose out of the
roadblocks which werc encountered with raising codfish, was
reduced to demonstrating only the technical feasibility of open-
ocean aquaculture of codfish using submersible net-pens; i.e.:

Start open-ocean systems design process - Spring 1995.
Run decoinpression tests on codfish � Sutttmer 1995.
Catch codfish and fingerling/juveniles - Fall 1996.
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Grow fingerlings in coastal cages in marinas - Winter
1995-96.

Tank test models of prototype cage designs � Summer and
Fall 1995.

Review open-ocean pen designs with local fishermen�
Fall 1996.

Select best two designs and build large prototype systems
� Winter 1995-96.

Install two different prototype systems in the open-ocean
- April 1996.

Load and grow out cod juveniles in these ocean systems�
April-September 1996.

Use N.H. commercial fishing vessels to feed and service
the fish during this period.

Harvest fish from both ocean pen systems by Fall 1996.
Record results and do technical evaluation of this project.
Recover and store cages and write up the final report - by

December 1996.

By the Summer of 1995, we had not only been unable to
obtain a large number of cod tmgerlings with which to
demonstrate grow out feasibility, we had also encountered large
questions concerning the ability of cod to be raised and lowered
from the depths we were considering for the submersible cages
without decompression damage. Therefore, we conducted a
field test using a small special submersible cage to determine
the tolerance of fingerling cod to decompression from a depth
of 90 ft. The results of those tests were reported upon in the
Proceedings of the First Open-Ocean Aquaculture Conference
in Portland, Maine. While the cod demonstrated a certain
amount of shock from the decompression, it was determined
that it was possible to raise and lower them from the bottom
without causing permanent damage. This was a very important
finding which had not been sufficiently examined and
accounted for prior to the start of this project. With this
important finding, the final design criteria for the open-ocean
cage systems were established as follows:
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1. System can be serviced by commercial fishing vessels
less than 60 ft. long.

2. System must be safe and simple to submerge the net-
pens below the wave action.

3. System must be predator safe  seals! at all depths.
4. System must be capable of being submerged and

raised again to feed the fish using commercial fishing
vessels with only a two man crew.

5. The lifting capacity of the servicing fishing vessels
will be less than 1,000 lbs.

6. The prototype net-pen sizes must be representative of
a full-scale commercial system.

7. System must be capable of being operated and
serviced in sea states less than state 4.

8. The net-pen system can be used on the surface during
calm seas.

9. Ocean installation of these systems may require
special large-scale equipment and special vessels
which are not those of the commercial fishermen.

10. The prototype systems must be capable of surviving
3-5 years of hard use.

During the late Spring, Summer and Fall of 1995, these
criteria were used to develop a number of options, most of
which were rejected. However, scale models were built of two
of the gravity systems which were developed and these were
transported to the Heriott-Watt University facility in Edinburgh,
Scotland where tank tests under different wave conditions were

conducted during August 1995. These tests were reported at the

First International Open-Ocean Aquaculture Conference
held in Portland, Maine, in the Spring of 1996 �!.

Following these tank tests, the various candidate systems
were reviewed in a formal evening session with 19 different
commercial fishermen. This review was arranged by Roland
Barnaby of the University of New Hampshire and was carried
out to inform the commercial fishing industry in the area of our
progress and also to gain their inputs into the operating
limitations that we would face working with them.
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An important outgrowth of thi» review was the idea of a
pull-up pen system built around a spar buoy which would fix
the location rather than having the cage he able to float around
on the surface independent of any mooring. This idea evolved
into the second final cage system design; so we ended up with
the Yankee and PUP  pull-up pen! systems as those selected to
be built and used in this demonstration project.

The Yankee System

This is a gravity system which relies on dead weight to
hold down a buoyant cage near the bottom. This simple Yankee
system was designed so that the cage would have permanent
floatation on the top and weight at the bottom. This approach
creates a tension in the net providing an effective barrier against
the intrusion of predators trying to get at the fish inside. The
Yankee Cage was designed such that it would float to the
surface on its own when the anchor was lifted by the fishing
boat pulling on the anchor tether line. The cage is a 12 ft.
diameter, 10 ft. deep, net cylinder which has positive buoyancy
of 750 lbs., which i» supplied by a group of 8 in. trawler floats
placed in nylon reinforced PVC plastic sleeves which run
around the top of the cage as shown in Figure 2. Figure 2 is a
photo of a cage suspended from the top in the assembly area of
the University of New Hampshire's Ocean Engineering
Building. The three plastic rings which hold the cage open are
made from 3 in. diameter HDP tubing, which has been bent into

4 Nylon Rope

3/II' oheln
rnnn lh enohor

Figure 3. The open ocean Yankee single sulymersible cage system.
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12 ft. diameter circles which are welded together at the ends.
The walls of these plastic rings have been perforated to assure
they fill with water when they are submerged and there is no
pressure differential to crush them. The rings do not figure in
the buoyancy calculations because high density polyethylene
tends to be neutrally buoyant. In order to maintain tension in
the size of the cylindrical pen, a 400 ft. ring, made of 3 in. steel
flat stock is secured to the bottom ring of the net-pen  see
Figure 3! and used as a mooring ring for holding the pen to the
bottom with the chain bridled to a 400 lb. anchor. As a result of

this design, each of these pens has a 350 lb. net buoyancy with
750 lbs. tension in the net side.

There are three main components to the Yankee System,
as shown in Figure 3. First, there is a 6 ft. x 3 ft. oblate ellipsoid
aluminum buoy on the left which serves as a marker for the
entire Yankee layout. This buoy has a radar screen and strobe
light mounted on top and is moored by 3/4" nylon line with a
3/8" chain leader ends to guard against chaffing. The anchor at
the bottom of this marker buoy weighs 1,400 lbs. � railroad
wheels! to insure that this highly buoyant marker did not shift
its anchor during severe wave action. This oblate ellipsoid buoy
and its anchor also serve as a safety anchor for the Yankee
System. A tagline runs from its anchor to the anchor on the
submerged Yankee Cage. This line can be an emergency pick-
up line in case the regular pick-up line is lost. The liftable
mushroom anchor on the Yankee Cage weighs 400 lbs. and is
secured to the cage with 40 ft. of 3/4" chain. This makes the
total system approximately 300 lbs. negative when it is
submerged. A second line runs from the Yankee Cage anchor to
a 20 ft. spar buoy, which is secured as a spatial locator of the
cage. This spar buoy was also constructed of high density
polyethylene.

It is 8 in. in diameter and 20 ft. long. It is weighted at one
end by inserting a 4 in. steel I-beam, S ft. long into the hollow
of the spar buoy and holding it with a pin. Above this I-beam,

the buoy is sealed so the remaining 6 ft. of the buoy is complete
buoyancy. This spar buoy served as a locator for the cage, and it



assured that the Yankee pickup line stayed sufficiently away
from the cage on the bottom to allow for lifting that did not
permit the cage to run into the pick-up vessel.

The scheme was for the surface vessel to come to the spar
buoy, take off the pick-up line, place in on a winch reel lift the
anchor and bring the submerged cage to the surface where its
anchor could be buoyed off. The surface vessel was then free to
service the cage and feed the fish. When this job was
completed, the cage was put back on-line between the oblate
ellipsoid aluminum buoy and the spar buoy, and then lowered
to the bottom.

The cage dimensions are such that it has approximately
1,000 cu. ft. of capacity and can therefore hold approximately
1,000 lbs. of codfish at harvest time  I cu. ft./1 lb. of fish!.
Zippers, approximately 3 ft. long, were installed in the top of
the cage where they could be pulled open for food to be thrown
in to the cage from the top. As the project progressed, however,
it became apparent that a long net sleeve was needed that could
be brought to the side of the boat so that food could be put
down the sleeve and into the cage. It proved very awkward to
operate at the surface level of the cage from the side of a 50 ft.
fishing boat. However, the fishermen were unwilling to get on
the cage and it had not been designed to accept their weight.
This is something that should be guarded against in the future
because it is necessary to be able to get on cages to do this
work.

All lifting lines on the Yankee System are 3/4 in. nylon
with chain leaders to allow for chaffing at the end connections.
The mesh of the cage is 2 in. nylon netting and it was cut and
secured by a professional netmaker, so that all net surfaces
were straight and fared and there were no wrinkles for a
predator to grab hold through the sides or the top of the cage.

The Pull-Up Pen System

The PUP or pull-up pen system shown in 1'igure 4 in
skeletal form is the second of the two prototype systems which
were designed, built and tested in this project. The PUP system
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Figure 4. "PUP"-a submersible pull-up-pen system centered on a
taught spar-type buoy with either hydraulic or air lift.

is made up of four major structural components: the spar buoy,
the sliding aluminum sleeve with its arms which hold the cages,
the buoyant cages, which are identical to those used on the
Yankee system, and the anchor and chain which hold the
buoyant spar buoy to the ocean floor. These four structural
components are pointed out in Figure 4. The PUP spar buoy is
60 ft. long and has an 18 in. outside diameter  OD!. It is
constructed from two 40 ft. lengths of 18 in. OD x 15 in. ID
high density polyethylene  HDP! cylinders which are welded
together. The bottom 20 ft. is then sawed off the bottom
cylinder. The upper 53 ft. of the of the remaining 60 ft. of
cylinder is hollow and filled with air with both ends sealed by
polyethylene welding. The bottom 7 ft. of this long tube is
filled with high density concrete �90 Ibs/cu ft.!, which is a
mixture of metal plugs together with concrete mix and a small
amount of sand aggregate. A rod and ring system is used
together with a bottom metal cone which has been embedded in
the concrete and cemented in place with crossrods to hold it.
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This metal cone and rod shown at the bottom of the spar buoy
shown in Figure 5, is the mooring point for the anchor chain.
The end» of the 53 ft. air cylinder are both welded shut prior to
the attachment of the weighted end. This welding was done by
a subcontracting company with special machinery for that
par tie ul ar purpose.

The second component, the aluminuin sleeve, is shov'n in
Figure 6 and has an overall 1S ft. length and is 2 ft. in outside
diameter. The two arms attached to this sleeve are 7 ft. long and
are removable so the system can be transported easily without
this added dimension, The two arms are to hold the two pens

when the system is installed and they assume the configuration
shown in Figure 4.

Figure 5. PUP spar, lg" x 60'L, showittg the mooring end iiith cone
to assure smooth sliding from the tnooring chain ttp the. spar. Vote
weld seam 7' frottt end tttarking ertd of' t tnterete ballast cltatnber in air
jillec/ spar,
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Figure 6. PUP slider, bottom end closest to camera. The 20" 1D x l S'
sleeve has two A  artns attached to the stubs at the bottom whit h hold

the two floating net pensfrom helot, Platforms at top end allow
seri'ice people to stand on the PUP for net or winch repair,

In addition to the spar buoy and the aluminum slider, there
are the two net cages of exactly the same dimension and
construction as the cage used for the Yankee system which was
described earlier in this section. The photo in Figure 3 shows
that cage. Four of these cages were constructed, but only three
of them were used; the fourth was held for standby. These cages
are constructed exactly as was the one used for the Yankee
system and they end up having the same net buoyancy so that
when they are held down near the bottom and under the water,
the cage netting is in approximately 700 lbs. tension which
gives it the sufficient resistence for withstanding predator
attacks,

We had originally expected to construct 5,000 cu ft. cages
for this demonstration project, but even 2,500 cu. ft. cages
proved to be too large for the type of logistical support that we
co~ld muster for this project.
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However, because wc were expecting to work on these
systems with 40-50 ft. fishing boats, it was decided that these
smaller, 1,000 cu ft. cages, were more appropriate because
small fishing boats would be unable to handle larger ones, if
they were to try to deal with them with such things as trying to
tow them in the water.

Subsequently, it has become apparent that vessels
installing cage systems will have to be much larger than those
that service them if open-ocean aquaculture is to be successful,
The installation process is too difficult and demanding for any
cage system which one would expect to be able to hold up in
open-ocean conditions.

Figure 7. Yankee < age floatson surface behind service vessel which
has lifted its anchor to surface and buoyed it off; so that vessel can
tend the cage and feed the fish through zippered top.

Figure O', Completed PUP with hydraulii: winch in place, and the two
cages ivinched to the surface ready for the service vessel to move in
and feed the fish.
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Systems' Installation

Both the Yankee and PUP systems were eventually
installed at a location one mile south and east of the Isles of

Shoals, which are located approximately seven miles off the
mouth of the Piscataqua River from the New Hampshire and
Maine coastlines. The high tide depth was l 70 ft.

After several false starts, the Yankee system was installed
in mid-April 1996, as per design as shown in the previous
skeletal sketch of this system. Although this system was
installed in mid-April, we were unable to put fish in it for
nearly a month because it turned out that the cage had been
improperly assembled. The floatation had not been secured to
the bottom of the cage so that it permitted the top of the cage to
float a few inches under the surface of the water. This might
have allowed the fish to escape when they were being fed
through the zipper openings in the top of the cage. In addition,
very inclimate weather interfered extensively with trying to fix
this cage. Each time we had the installation vessel reserved for
this project, the seas were so rough we were unable to use it.
On the other hand, when the weather was attractive, we did not

have the UNH Gulf Challenger reserved and other people were
using it. No other available vessel was suitable for lifting and
handling the cages at the tiine, so we simply had to wait.

This operational delay resulted in our having to remove
our lish holding cage from the Wentworth Marina and put the
small cod in tubs in the UNH Coastal Lab because of our being
unable to take the fish out to the open-ocean cages. The Marina
had been promised that we would vacate the slips we were
using by April 15 and we honored that commitment. With all of
the delays and problems, the Yankee system was not installed
and operational until May 5, 1996, just a few days before the
First International Open-Ocean Aquaculture Conference, which
was held in Portland, Maine. We had hoped to demonstrate this
Yankee cage system to the visitors at that conference on
Saturday, May 11, when 4S of them came to New Hampshire
for this demonstration. Unfortunately, bad weather again



prevented us from showing the cage operations at sea; however,
our visitors were able to come to the UNH Ocean Engineering
Center where they were given a presentation and were able to
see one of the cages up close, as well as pieces and parts of the
PUP system which had not yet been installed.

Fish were installed in the Yankee system on Friday, May
24, after we had run a series of demonstrations of raising and
lowering the cage with both service provider fishing vessels
which were participating in this experiment. Figure 7 shows the
Yankee cage on the surface behind one of the service fishing
vessels which had lifted its anchor.

Just before terminating the Yankee sea trials in early
August, 1996, an airlift was installed with buoyancy of less
than 400 lbs. just below the cage and above the 400 lb. anchor.
When the airlift was filled with air from a scuba bottle,
transmitted through a hose to the bottom, the cage floated to the
surface. This air assisted system was much easier to handle
with the airlift since it relieved the fisherman from having to
deal directly with the mushroom anchor. However, questions
remain about the ascent speed, because too rapid rise may
adversely affect the swim bladders of the fish. This problem is
being investigated by researchers at the University of New
Hampshire using a hyperbaric research chamber.

The PUP system was successfully installed on Friday,
June 14, 1997. Its installation went according to plan and the
buoy ended up only a few feet from the predicted location with
8 ft. of freeboard, exactly as predicted for the tide conditions
which existed at the time of installation. The spar buoy rose
straight up except for a slight tilt due to the running current at
the time. Figure 8 shows a picture of the completed PUP system
with its hydraulic winch in place and the two cages winched to
the surface ready for the service vessel to move in and feed the
fish.
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Operations and Servicing of the Cages
The Capture, Pen Holding and Feeding of Small Wild
Cod in an Effort to Provide the Necessary Candidate
Fish for Open-Ocean Operations

As already noted, too few cod juveniles were produced in
1995 to supply the net-pen experiment scheduled for 1996. For
this reason, a local commercial fisherman was contracted in

February 1996 to catch a number of juvenile cod which would
be used in the tests of our prototype pen systems. Fishing began
in the first week of April. All fish were kept alive onboard the
vessel, and the daily catch of small cod were delivered to a
temporary holding pen located at the Wentworth Marina located
in New Castle, NH. Over the course of seven days of fishing,
approximately 800 juvenile cod were caught and returned to the
temporary holding pen. Mean size of these fish was 19.2 cm
total length and 64.8 g wet weight. Fish were fed daily on a diet
of minced herring.

As the experimental pens were not ready to receive the
fish, the fish were moved in late April to tanks at the UNH
Coastal Marine Laboratory. Feeding at the laboratory was
identical to that in the temporary holding pen.

The first experimental pen  Yankee System! was ready to
receive fish in late May, and a total of 146 of the largest fish
were moved from tanks in the laboratory to the net pen at this
time. Mean size at stocking was 24.0 cm total length and 135 g
wet weight  Figure 9!. The remainder of the fish continued to
be held in the laboratory.

Two local commercial fishermen were contracted to feed

the fish in the experimental net pen. Feeding  diced frozen
herring! occurred twice per week. On one occasion, a zipper in
the top of the submersible pen was inadvertently damaged, and
the pen was submerged with the zipper open. Observations the
following week indicated that most of the fish had escaped
through the opening, and that only about a dozen fish remained.

The second experimental pen  PUP System! was ready to
receive fish in late June. Approximately 250 fish were moved
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from the laboratory to the net pens on June 29, 1996. These
were divided about equally between the PUP System and the
Yankee System, which was restocked at this time. Mean size of
these fish at stocking was 23.S cm total length and l 33 g wet
weight. Fifty fish were retained in the laboratory to serve as
pseudo-controls for growth comparisons. Fish in the Yankee
System were fed twice per week  minced frozen herring!
throughout the experiment. Fish in the PUP System were fed
only once before the hydraulic system failed and needed repair.
This was accomplished in about a week, and the fish were fed
twice per week throughout the remainder of the experiment.
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Fish in the PUP system were released in the first week of
August. As the fish were only in this system a short time, and as
their feeding was interrupted for a brief period, no data were
collected from these fish at the termination of the study. Fish
from the Yankee System were removed on August 13, 1996. Of
the approximately 75 fish that were stocked into this system, 52
 about 69%! were recovered. There was no evidence that the
missing fish had died in the net pen, and it is probable that
some individuals had escaped by swimming through the
meshes. Mean size at termination of the experiment, which
lasted for 46 days, was 25.2 cm total length and 217.5 g wet
weight  Figure 9!. Thus, on average, fish in the net pen grew
1.7 cm in length and added 74.5 g in weight. While the increase
in length was small �.2%!, the dramatic increase in weight
�6.0%! is an indication that the fish adapted well to the cage.
The degree to which these final results may have been biased
by the escapement of small, thin fish is unknown however.
When the net pen was raised to the surface for the last time, the
ascent was rapid � minutes! because the pen had been
modified with an air-lift system. After several minutes at the
surface, most of the fish were observed to be floating ventral
side upward, and it was clear that the fish had swimbladder
problems that resulted from their being decompressed too
rapidly. An attempt was made to return these fish to the
laboratory for further study, but all died within 24 hours. This
observation indicates that the fish were capable of surviving
during the experiment because their rapid decompression, as
they were brought to the surface for feeding, was quickly
 within 10-15 minutes! followed by recompression as the pen
was once again lowered to depth. When this recompression did
not occur at the termination of the experiment, the fish died.

Two days after the fish were removed from the Yankee
System, a random sample of 43 fish that had been held in
laboratory tanks were weighed and measured. Sizes of these
pseudo-control fish were cotnpared to those held in the

experimental net pen. Mean size of fish held in the laboratory
was 29.0 cm total length and 261.4 g wet weight. These sizes
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represent a growth in length of 5.5 cm �3% increase!, and a
growth in weight of 128.4 g  96% increase!. Thus fish held in
the laboratory grew more rapidly than those held in the
experimental pens, and were significantly longer and heavier
 Mann-Whitney Test, P�.002! than fish that had been held in
the experimental pen.

Results from the 1995 and 1996 net-pen experiments
differed. In 1995, there was no difference in size between fish
held in the small, decompression test, submersible pen and
those held in the laboratory �!.

There was no obvious mortality. In 1996, however, fish
held in the pen were significantly smaller than those held in the
laboratory, and there was high mortality of the fish when they
were removed from the pen. There are several possible reasons
for these observed differences. First, experimental fish used in
the two years were different sizes, and this may have had some
effect on the outcome. Second, the experiments done in the two
years were done during different months. Third, the net-pens
used in the two years were quite different in design. Fourth,
different individuals cared for the net-pen fish in the two
experiments, and this may have had some effect. Last, there
were more fish used in 1996 than in 1995, and this increased
sample size almost certainly increased statistical power. These
differences make comparisons of the data from the two years
difficult to impossible. Clearly more research will be needed
before the efficacy of using submersible net-pens to raise cod
can be determined.

A report on the early portion of this cod performance
research was presented at the Open-Ocean Aquaculture
Conference held in Portland, Maine, in May 1996 �!.

Interaction With the Commercial Fishermen and
Other Members of the Fishing Community

The commercial fishing industry in New Hampshire
played an integral part in this project from the very beginning.
Before the proposal was even submitted, the principal
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investigators met with several industry leaders, including the
President of the New Hampshire Commercial Fishermen's
Association, the Director of the Portsmouth Fishermen's

Cooperative and the Director of the New Hampshire State Port
Authority. In the Fall of 1995, a meeting was held with
commercial fishermen to outline the goals of the project and to
get their input. Both lobster and groundfish fishermen from
Hampton Harbor, Rye Harbor and Portsmouth were present.
The purpose of this meeting was to get support from the
industry, educate them on the design and operational aspects of
the project and its prototype net-pens, identify individuals from
the industry who want to play an active role in the project and
get their input on the best locations to put the pens. The
meeting was a great success. Two of the participants turned out
to be active participants in the project.

During the duration of the project, many meetings were
held with fishermen, fishing cooperatives, marine operators,
decision makers, the New Hampshire State Port Authority, the
New Hampshire State Fish and Game Department and
members of the news media. There was a conscious effort by
all involved to make this project as open and visible as
possible.

Of special mention should be the good working
relationship which developed with the yacht clubs, the marinas
and the New Hampshire State Port Authority. The fishpens
were placed in a marina during the off season and the Yacht
Club offered its winter mooring space. The Port Authority used
their cranes to load and unload the pens, mooring equipment
and the buoys and anchors at their facilities. This collaboration
proved to be invaluable to the project.

Conclusions and Recommendations

The project team successfully designed. constructed,
installed and ocean tested two different prototype submersible
systems holding small live codfish. The cages were
successfully raised to the surface, the fish were fed and the
cages returned to the bottom at least twice weekly for several
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weeks. The project was terminated in August 1996 when the
funding level called for it to be terminated, but not before it had
made significant strides towards proving the technical
feasibility of operating submersible cages in the open-ocean.

There are modifications necessary for both systems to
assure their successful operation during heavier sea conditions
than were experienced during the few summer months that this
project operated. Both systems were successfully tended by
New Hampshire commercial fishermen using their own small
boats which was one of the key objectives of this project.

As noted earlier, the title of this project might better have
been "The Exploration of Open-Ocean Finfish Aquaculture
Using Submersible Cages � A Technical Feasibility Study."
The reasons for saying this are because of the state-of-the-art of
cod hatchery production, the intermediate holding and grow out
of hatchery production and the knowledge of cage economics
and fish physiology as affected by submerging cages, are all not
sufficiently advanced to permit such an economic feasibility
demonstration yet. We conclude this because during the course
of this project we experienced many missing steps in trying to
demonstrate the feasibility of growing codfish in open-ocean
cages:

1. The cod hatchery operators in North America were
unable to produce even 100 fingerlings for this project in time
for the planned 1995 grow out from small fingerlings to
possibly 3/4 lb. underlings by April, 1996. The hatcheries are
still not ready to supply more than 10,000 or 20,000 small cod
for such a demonstration project. This limitation applies to
most ocean finfish excluding salmon and possibly fluke or
flounder.

2. Even if the fingerlings were available, there are as yet
few assured places to hold them after they reach 20-30 gm
weights. Unless there is an ability to grow them out to a larger
size in mass numbers, this would mean that they would have to
be put offshore at this weight with all of the attendant problems
of net size and fouling of nets, etc. Also, they would have to be



kept on station and fed all winter in order to grow out to
marketable weight, and that is a major challenge for open-
ocean work in New England.

3. Submersible pens which can be dropped below the
higher significant wave forces when they occur, require fish
decompression when raised to the surface or near the surface
for either feeding or net cleaning. We found no reliable data in
the literature concerning finfish decompression tolerance; this
seems to be the case for both groundfish and flatfish. Our
experience from this project indicates that most fish should not
be subjected to any sort of regular decompression/compression
cycling, even though our wild cod seemed to have a high
survival rate for the period that we operated our cages.

4. It is desirable to have pelletized feed which will lend
itself to mechanized feeding at depths in most cases. We could
not attempt such mechanized feeding because we had to use
wild fish, which do not adapt to pellets, and required natural
food such as herring chunks.

Therefore, the major contributions of this project have
been in the area of open-ocean cage design, construction,
installation and operation. Both of the cage systems which were
designed for this project were successfully operated while
holding fish which survived the operations. Neither of the two
cage systems which were demonstrated by this project, has
sufficient volume to offer even the remotest possibility of
economic, as well as technical, feasibility. On the other hand,
the size cages and systems used was sufficient to demonstrate
strong technical feasibility; this allowing for the fact that
several modifications are recommended before advancing with
either one of these systems to a larger size.

5. The Yankee cage system proved to be simple in
concept, but not so simple to operate. Once on the surface, the
cage was free to move about and offered the potential of
entangling any adjacent cage moorings or marker buoys as it
moved off station with the wind, tide and sea directions.

Having the cage so free to move on the surface made it difficult
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to return it to its original bottom location in other than flat calm
waters.

6. We recommend the following modifications to the
Yankee System:

a. The anchor lifting line be run through a pulley on the
spar buoy marker so that the lifting vessel can pull from the
spar buoy, and therefore assure that it is not over the cage when
it rises to the surface. This arrangement will also keep the cage
secured by two fixed lines, one to the anchor of the oblate
ellipsoid marker buoy and the other to the spar marker buoy.
This arrangement will make it possible to lower the cage back
to approximately it's same location even when the winds and
tides are running strong.

b. Increase the cage size to at least 6,000 cu ft �0' D x
20' H!, and set up the layout so that there are at least two cages,
one on either side of the oblate ellipsoid or similar large marker
buoy. This much system capacity, duplicated several times, will
probably be necessary to have an economic, as well as
technically feasible system using the Yankee approach.

c. Increasing the size of the cages will require increasing
the size of the anchor holding the cage to the bottom. This will
require adding an air ballast system that displaces much of the
anchor weight prior to its being lifted by the attending vessel.
How to install this airlift system with a hose to the surface
which will not entangle when you are lifting the cage with a
winch after the air ballast is inserted, has not been completely
worked out at this point.

However, the system worked in a test with the airhose
being run up to the 20' spar buoy. In this arrangement, the
heavy airhose did not entangle the lifting line when the
lightened system was pulled up to the surface.

A sketch showing these recommended modifications is
shown in Figure 10.

7. With modification, the PUP System offers excellent
potential for either a fixed moored submersible cage system or
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Figure 10. Enlarged Yankee Cage System with air ballast tank above
the anchor and compressed a'tr line to surface where it is attached to
spar buoy Service vessel with si uba air tank can ballast tank, thereby
reducing anchoring weight; so lightened anchor can be lifted slowly.

a free floating submersible cage system for very deep water,
where cage moorings would be expensive, even if feasible. The
modifications that we recommend be made are:

a. Replace the hydraulic sleeve lifting system with an
airlift, using a concentric air chamber around the lifting sleeve
 see Figure I I!.

b. Increase the individual cage size on the PUP to at least
6,000 cu ft �0 D x 20 H!, and use four cages with four arms on
the elevator sleeve instead of the two as in Figure 11.

c. At the same time that you increase the cage size, you
would need to increase the sleeve length and the spar buoy
length to accommodate these larger cages. Possibly a 100' spar
and 30' sleeve?

d. Place walkways in between the four cages that run
from the center spar to the exterior of the cage. Supply these
walkways with inflatable ballast tanks under the ends of each
walkway which would only be blown on the surface and
flooded before the cages were submerged by blowing the main
lifting chamber on the sleeve.

e. Plan to hold the four nets at 30 ft. below the surface

almost all the time by suspending them from lines from the top
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Figure l i. Modified PUP iVet Pen System wi th centralized air lift
replacing hydraulic winch, and four vs. two net pens which are
enlarged. System would have to be anchored in deeper water than
original, and air chamber volume tuned for proper pen ascent speed.

of the buoy, and feed the fish through net tubes from the surface
to the top of each of the net-pens. This will not expose the net-
pens to being runover by incidental vessels looking at the spar
buoy and would also make them less vulnerable to theft and
vandalism. Only when heavy seas were predicted would the
cages be lowered to the bottom of the mooring system via a
dropline from the bottom of the spar to a sufficient depth where
there would be a stop for the cage sleeve. This would be similar
to the cone arrangement that we had at the top of the anchor on
the PUP system we operated last summer.

Any further development of open-ocean submersible cage
systems for aquaculture should be done with the expectation
that it will be another two years or more before the biological
aspects of developing candidate ground fish for a valid
technicaVeconomic demonstration of the feasibility of open-
ocean aquaculture will be possible. One could mistakenly
conclude that the project we have just completed was premature
in light of the many problems which developed which
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demonstrated a lack of necessary biological knowledge to carry
through to the goal. However, that kind of conclusion would be
a major mistake.

This exploratory project has served to focus future effort
on problems which must be solved before a true technical and
economic demonstration can be attempted. In the meantime,
there is a great deal to be done in each of the three critical
areas: hatchery operations, intermediate grow out and finally,
open-ocean cage design and operation. The fact that these three
areas will be developing separately, and without necessarily
leading to an immediate solution, should not take away from
their equal importance, and the need to continue the pace of
research and development in all three of these areas
simultaneously.
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