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the consequence that the vessel becomes helpless and sometimes
founders. Excess vibration can also damage the structural parts of
the vessel by loosening rivets and fixtures. Vibration is avoidable,
but constant study is necessary to determine how and where to re-
duce it. There may be a number of remedies, such as a proper
choice of propeller, shaft, engine, and mountings, proper engine
and shaft installation, and proper hull construction.

A fertile field of research is in the development of improved
types of deck gear. The efficiency of all mechanized fishing opera-
tions depends upon the capability and reliability of the deck gear.
For the most part this means winches of all kinds, from the small
power gurdies used to haul line trawls to the massive winches which
haul nets aboard the large trawlers. Although at least one winch
is on every mechanized fishing boat, it is rarely completely suited
to its job. Breakdowns occur frequently and power conversion is
often poor. '

Winch types, like boat types, have evolved gradually, under vari-
ous circumstances, and the effectiveness of different designs is ex-
tremely variable. The steam winch was reliable and successful in
the days of steam propulsion but now has become outmoded. Most
fishing boat winches are operated through mechanical linkage to a
power takeoff from the main engine. Severe strains affect the whole
system, causing frequent mechanical breakdowns. Clutch, brake,
and speed controls are often troublesome. Electric and hydraulic
winches, which eliminate many of these mechanical shortcomings,
have not been generally accepted, partly because of the cost of
installation. The more extensive use of these better winches de-
pends on further research and development and testing of models
suited to various operations.

Deck gear problems may become the most important in the
mechanization of primitive fisheries. There has been no evolution
of types of gear to provide a basis of experience for the design of
such equipment. Not only must deck gear be designed, but meth-
ods of handling the fishing gear will have to be developed.

Setna comments further on his example of increasing catches with
mechanized vessels as follows:

The performance of the mechanized boats would have been still more
remunerative if they had possessed small winches. It is realized that mecha-
nization will not be fully complete without the use of mechanical equipment
aboard. At present, power is used only for propulsion; it can profitably be
employed to perform work which engages the tedious and exhausting labor
of a number of hands. For instance, power vessels using drift nets carry 7
to 8 men for setting and hauling the nets. Similar work is, in other countries,



198 LIVING RESOURCES OF THE SEA

done by four men throuc%h the use of winches driven by the engines. This
economy can be achieved in India also and the problem of installing winches
in mechanized craft is now before the Department of Fisheries. This will
lead to an increase in the number of boats as crews will be smaller and there
will be more fishermen available to man new boats and, consequently, in-
creased supplies of fish made available.18

Included in the field of vessel design is the art of devising the
proper layout of boats for maximum convenience, comfort, safety,
and economy. The general layout of a vessel is often established
more by tradition than by practical considerations. Fishermen and
boat builders are usually content to follow the accepted standard
rather than attempt any novel departures. This is owing in part
to general conservatism but mostly to the fear of expensive modifi-
cations after the boat is built. Neither the fisherman nor the small
boatyard has capital enough to experiment properly with expensive
fishing boat construction.

There are many questions about the internal and external layout
of fishing vessels which require engineering research before they
can be answered authoritatively. The positioning of winches, bol-
lards, gurdies, poles, tanks, and other deck equipment has great in-
fluence on the efficiency and safety of fishing vessel operations.
For example, the development of bait storage facilities on American
Pacific tuna clippers came by a process of trial and error.”” The
error resulted in loss of life and ships. As faster and larger boats
were built, bigger and bigger bait boxes were carried on deck.
Designers tried carrying part of the bait in wells in the hold so as
to improve stability. However, this arrangement not only limited
capacity, but it was unhandy for transferring bait to the deck boxes
and for handling the ice and the catch. Consequently, the owners
built additional boxes on deck, thus making the boats very tender
and topheavy. Eventually two of these vessels capsized while a
third was lost with all hands. Of course more attention was paid to
improving stability after these disasters.

There is a good deal of controversy concerning the location of
engine, fish hold, crew’s quarters, storage space, pilot house, and
galley. Layouts vary widely geographically and from one fishery
to another. Small Pacific salmon trollers have pilot house, engine,
galley, and bunks forward and the hold aft. Small Atlantic draggers
have the galley and bunks forward, engine and pilot house aft, and
hold in between. Tuna clippers have galley and crew’s quarters on
deck, engine forward, and hold aft. Large Atlantic draggers have
the galley aft of the pilot house on deck; below they have the crew’s
quarters forward and aft, the engine aft, and the hold in between.
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Layout in fishing boats is in large part determined by the type of
fishing done. In trollers and draggers on the Pacific coast of the
United States, fishing is carried on from the stern; therefore, the
hold must be aft to be easily accessible. This necessitates placing
the engine and pilot house forward. The layout of Atlantic trawlers
is influenced by the arrangement of the sailing schooners and beam-
trawlers from which they developed. With the hold amidships,
the pilot house had to be placed att and fishing was done from the
sides. The engine was placed aft to shorten the shaft, control
linkage, and solve other mechanical problems, thus leaving the crew
forward. Fishermen believe that having galley and crew’s accom-
modations aft is most conducive to comfort when bucking into heavy
weather and to convenience and safety, for this arrangement mini-
mizes movement about the deck, an important consideration in
stormy weather. Tyrrell,"® in discussing Irish fishery boats, cites
further advantages of having the engine forward and the crew aft.
He gives these arguments: trim is unaffected by loading, since the
hold is situated about the center of buoyancy; and full use can be
made of the stern space, permitting the aft bunks to extend to the
rudder. Forward installation of engine permits a convenient drive
to the winch, which is placed forward. The engine is in a com-
pletely accessible position and is always clear of bilge water.

On the other hand, Tyrrell also points out disadvantages of this
layout: The length of the propeller shaft with its support bearings
becomes much increased. Mechanical controls over the consider-
able distance to the wheelhouse aft are complicated. The weight
of the engine forward makes the vessel heavy forward. This tends
to increase pitching in head seas, perhaps also to broach in follow-
ing seas. Thorough research into these matters would probably
provide the means of correcting such faults. Special shafts and
bearings could be developed, as well as methods of precise align-
ment. Mechanical controls might be improved, or hydraulic or
electric systems developed instead. Hull types could be designed
which would reduce the heavy pitching and the tendency to broach.
Here again, model tests would be of great benefit.

As was brought out in Chapter 5, fishermen would profit by
diversifying their activity in response to seasonal changes, fluctua-
tions in abundance or availability of species, and market conditions.
However, to catch different kinds of sea animals requires different
equipment and techniques. Each type of equipment requires a
special deck layout. Each fishery usually employs a type and size
of vessel which is more or less peculiar to itself. This may be cul-
turally picturesque, but it is not economically feasible to operate a
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boat for only a few months and tie it up for the balance of the year.
A fisherman desiring to diversify his fisheries must have a boat which
he can adapt easily and quickly to any of several kinds of operations.
Until recently little thought had been given to such a possibility.
Attempts to modify specialized vessels for multiple use have met
with only limited success. The boat designer must consider each
type of fishing to be done, and then design a new vessel which strikes
a happy compromise among the important features required for
each. There can be no universal combination boat. Hull form is
not the only problem involved in designing multi-purpose boats.
It is necessary to develop special winches and winch positioning to
provide maximum efficiency for the various operations. Many other
factors must be considered such as the deck and interior layouts,
kinds of propulsive and supplementary power, and methods of han-
dling different kinds of sea animals.

In recent years a trend toward building combination boats has
developed in some areas. For instance, Hanson * describes a type
of combination fishing vessel developed for the Pacific coast of the
United States which can be arranged for tuna fishing, purse seining
for salmon and herring, longlining for halibut, dragging for ground-
fish, and trolling for salmon. Most of these are seasonal fisheries
which could not individually justify the investment but collectively
could provide for successful year-round operations.

The heavy capital investment required for a boat is a serious ob-
stacle to expansion of fisheries. A major factor contributing to the
high cost is the diverse nature of the boat-building industry. Fish-
ing craft are for the most part constructed individually in small
yards. Each boat is built according to the whims of designer, owner,
and builder. Very few attempts have been made to introduce mass
production methods into fishing vessel construction. There is great
diversity of opinion, however, as to whether this would make very
good sense at present.

Hardy concludes that mass production of fishing boats would be
possible if “designs were frozen.” 2 Traung argues that the adop-
tion of a world standard fishing boat would be impractical because
of the multiplicity of special local requirements and the diversity
of boat-building facilities. He feels that small individual yards
would still be able to produce boats more cheaply than great fac-
tories.? On the other hand, Ringhaver has shown that mass pro-
duction is practical, at least in the United States. Since his boat-
yard shifted from conventional construction of individual shrimp
boats to a mass production method, there has been a constant de-
mand for his standard 60-foot shrimp trawler. By mass production
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:-)Eerations combined with a financing system, his output has more
an tripled to the rate of ten vessels per month.?

The solution may not lie in the development of a “world standard”™
fishing boat, but rather in a family of standard types, each suitable
for certain types of operations and operating conditions. With
minor modifications these could be adapted to any particular situa-
tion. The standard types would be suitable for many if not most
purposes. At the same time, it is likely that some vessels would
continue to be built to individual order for special purposes.

Standardization of boat types is progressing at present in varying
degrees on a regional scale. Zwolsman,? for instance, reports some
progress in standardization of Dutch fishing boats. Three types of
cutters were developed after considerable investigation into design,
construction, upkeep, propulsive power, and other features. The
difference between the three types of boats is mainly one of size,
the boats being of 55, 60, and 65 feet in length.

The standardization of part of the Irish fishing fleet was made
possible through the development of multiple-use boats which rep-
resent the best compromise between the requirements of various
types of fishing. A 50-foot boat is being built for fishing with drift-
net, seine net, longline, and trawl. Various modifications can be
quickly made, such as the relocation of engine and winch when the
vessel is to be used for seine netting only. In addition, a 60-foot
boat, which is being built for seine net fishing and trawling only, can
haul larger nets in deeper water than has been possible with smaller
boats. Because the larger vessels will be using deeper harbors and
can have more draft, there is much opportunity for improving their
design.

Sgtna 2 proposes the development of two standard types for
Bombay, India. One is of shallow draft and flat bottom to harbor
in shoal water inlets and creeks which dry up at low tide. This type
would be about 35 feet long and would make only day trips. The
other is larger, capable of making extended trips even during the less
severe parts of the monsoon season. Provision would be made for
minor variations to fit the boat most suitably for its particular opera-
tions. This standardization would enable fishing boats to pass easily
the required government certification.

Boavida #* mentions another advantage of the development of
standard types. As a part of a motorization plan for small Portu-

ese fishing boats, investigations are currently being made to pro-
vide the information needed to establish standard types. When
the investigations are completed and standards developed, fisher-
men will be able to obtain loans to build boats of these accepted
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types. It is apparent that well designed, thoroughly tested and ac-
cepted standard types of boats would encourage both private in-
vestors and governments to provide capital for building fishing craft.
There would be other advantages. These boats would be designed
for safety as well as efficiency; consequently, insurance costs, which
are a major factor in the economy of many modern fisheries, could
be reduced.

The present stage of development of electronic equipment is
largely the result of research supported by the military during the
past war. Fishermen need inexpensive, reliable models of all types
of electronic equipment, and indeed, such are being developed.
For instance, intricate radar sets developed for the Navy have
evolved into much simpler types that are within the financial means
of the larger boat owners. Perhaps further simplification could
lead to production of an inexpensive short-range set which the
smaller offshore boats could afford.

In the past, depth finders have been too expensive for the average
small boat operator. Consequently, manufacturers have resorted
to rental plans in order to make the expensive sets available to fisher-
men. However, depth finders have become simpler and cheaper
so that now a type of shallow range set is available at well under
$200. Some highly sensitive sets are being made specifically for
the fishing industry. These are primarily fish locating devices. The
presence of fish can be observed and an experienced operator can
recognize species or even sizes of fish by the characteristic of their
trace. Individual fish have even been spotted on these locators.
Types are being developed that can be operated through a 90 degree
angle vertically from bottom to surface. Others will provide an
extended horizontal sweep. With these modifications it will be
possible to explore the waters in any direction from the vessel. One
model has been specifically developed for the use of whalers. With
this finder a whale can be tracked through the water so that the
boat can be ready for the kill when it surfaces.

Perhaps the most significant recent development for offshore fish-
ing boats is the loran position locating system. Unfortunately, loran
is very costly equipment. For a while after the war, United States
fishermen were able to buy cheaply sets which were surplus prop-
erty of the Air Force. As this source of supply has diminished and
as demand has expanded, the need for a simple inexpensive loran in-
strument has grown apace. Manufacturers in various parts of the
world are developing instruments to meet this need and are grad-
ually bringing the price to a level that fishermen might be able to
reach.
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Radio receivers, transmitters, and radio direction finders are all
necessary equipment for offshore fishermen. However, the com-
bined cost of all the separate electronic aids needed prevents the
average fisherman from being fully equipped. Compact, mod-
erately priced combinations of radio transmitter, receiver, and direc-
tion finder have been available for some time. It may be possible
to go even further and })roduce various simplified combination sets
including most or all of the electronic aids needed—sounding ma-
chine, loran, simplified radar, radio receiver, transmitter, and direc-
tion finder. Such a unit or units should sell at a much lower price
than the collection of individual items and be more adaptable to
shipboard installation and operation.

Improvement of fishing vessels should be aimed toward increas-
ing safety and comfort and toward reducing operating and main-
tenance costs and the time required to reach fishing grounds.
Electronic equipment helps to find the grounds and the fish. There
remain to be considered the problems of improving the means by
which the fisherman actually captures the fish. Here a new type of
specialist must appear. It is hard to prescribe the exact education
and background he must have, particularly since his is a science
which has yet to be developed. The fishing gear expert must be
imaginative and at the same time practical. He must be able to
study like a scientist, design like an architect, build like an engineer,
speak like a fisherman, and think like a fish.

Thanks to recent advances in submarine photography and diving,
we will now be able to watch and photograph his gear in operation.
He can observe how the fish react to its action. The lens of the
underwater television camera can penetrate beyond the depths
which man can safely explore with his frog’s feet and bottles of com-
pressed air. A less spectacular, but economical and perhaps more
fruitful way to study the action of trawls is by towing models in
tanks (which need be no larger than an ordinary swimming pool),
observing their action under controlled conditions and experi-
mentally altering their design. Such studies are carried on at several
laboratories in Japan (at the Tokai Regional Experimental Station in
Tokyo, for example), and in Germany.

The opportunities for improving fishing equipment seem endless.
To suggest a few ideas:

There has been much discussion in recent years about the pos-
sibility of capturing fish with electricity.?® Electricity is used ex-
tensively in fresh water to guide, attract, repel, and paralyze fish.
If it could have similar effect in the sea, it might reduce tremen-
dously the labor and time required to concentrate and catch fish.
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Unfortunately there are technical difficulties to overcome which
have seemed formidable enough to discourage developmental re-
search in sea fishing by electricity. Because the conductivity of sea
water is very much higher than that of fresh water, and because
there are no natural boundaries in the sea to contain an electric field
as there are in a stream or a shallow lake, the amount of power re-
quired to produce a field which could control the movements of fish
in the open sea is theoretically too great and costly for practical

purposes.

Dickson, reviewing these difficulties in 1954, wrote:

. . . there remains the possibility of using electrical fishing apparatus as
a marine research tool and even as a commercial gear in particular cir-
cumstances, and these possibilities seem worth exploring.

Better results could be anticipated using electrical fishing apparatus in con-
junction with a trawl or other gear. It has been observed that the reaction
of some species of fish to an electric field is more marked when they are facing
the cathode, and that they do not remain in such an alignment. This gives
rise to the possibility that, even without the field being strong enough to impel
a fish towards the anode, its normal escape reactions to a trawl can be upset
in a manner that increases the efficiency of the trawl. In mid-water trawling,
where the fish have so much more possibility of escape, this could be particu-
larly important.2

That electricity already has practical applications in sea fishing
is shown by the fact that German fishermen use it to shock large
tuna after they have caught them by trolling with a hooked lure
which is also an electrode. The other electrode dangles a short
distance behind the lure. After the fish are hooked they are electro-
cuted to make them easier to handle, thus speeding the operation of
bringing them into the boat.

Otis Smith, a fishery industrialist in Delaware, has experimented
for several years with electricity in menhaden fishing. He persisted
through the discouraging early stages of his work, when it did a};l)-
pear to require a tremendous amount of power to generate the
amount of electricity that was needed. He has overcome this prob-
lem to the point where relatively negligible amounts are required.
He has not only demonstrated the practical value of electrical fish-
ing when the apparatus and process are proper(liy designed, but he
uses it throughout his fleet. After the menhaden have been im-
pounded in the usual way with the purse net, the current is turned
on 1o raise the fish in the net and attract them to the opening of a
hose, the bell-shaped end of which is made of copper and functions
as an electrode. This method is so successful that Smith is en-
couraged to continue his developmental research with the aim of
eventually abandoning nets entirely in favor of electricity alone for
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menhaden fishing. His optimism should encourage fishery people
all over the world to experiment along similar lines.

Not all improvements in fishing equipment need be installations
of large costly machines. Sometimes a very small thing can be
enormously effective. For example, a simple device is an artificial
fishing bait made of rubber and shaped like a worm. This idea is
not new. Baits had been made of rubber for years, but were not
successful until recently when new materials and shapes were de-
veloped in Norway. Many of these artificial baits are connected to a
single line so that the struggles of one captured fish set the rest of
the bait into tempting motion.

There is room for an infinite number of other inventions, small
and large, to reduce the time, labor, and cost of fishing. There is an
infinite number of questions to study about all the processes of fish-
ing. To suggest a few: What are the engineering principles in-
volved in the successful operation of a net? Why do slight modi-
fications in the way a net is hung make very large differences in
catches? Which new synthetic materials are most suitable for nets
and lines? What are the most effective ways to prepare baits?
How can the handling of a catch be reduced so as to get it into
the hold most quickly in a most nearly perfect condition? What
are the most efficient layouts for dock and wholesale market
facilities? Such matters can best be attacked by a staff of ap-
propriately educated people—probably chiefly engineers, all-around
scientists, time-and-motion specialists, naval architects—working
full time, devoting themselves wholly to the ideal of making the
exploitation of the sea scientific. They should not be temporary
project employees, but permanently attached to a research center
especially built and equipped for their work. This should be an
adjunct of a laboratory of marine research where studies of be-
havior of fishes are a prominent feature of the program. Several
such units should be established in various parts of the world to
serve differing cultures, climates, sea conditions, and fisheries. The
size of a unit must depend on the degree of advancement of the
area where it is established. A naval architect, a marine engineer,
an expert in fishing methods, perhaps two or three apprentice-
technicians, and draftsmen could form the nucleus of a unit.

The theme of this book is research. What kind of research is
needed to provide knowledge for expanding the use of the seas’
biological resources? That is the principal question being ex-
amined. However, we must not lose slight of practical applications.
Learning how to exploit the sea scientifically is one thing; inducing
fishermen to accept your advice is quite another. Fishermen every-
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where are more or less conservative; in primitive places they are
excessively so. Suppose that a research center were established in
an undeveloped area, complete with all the facilities suggested in
the preceding chapters; then as information accumulated, means
should be provided to teach it to fishermen so that they could profit
by it. The scientists should not be expected to assume this duty.
Rather, special teachers should be trained for the purpose. In other
words, a school for fishermen should be founde£ close by the re-
search center. Here young fishermen from many countries in the
area would gather for training in navigation and the safe handling
of boats; in the operation, maintenance and repair of engines; in the
general principles of vessel design and construction; in the con-
struction and repair of fishing equipment and the techniques of
fishing; in the proper handling, preparation and preservation of their
catch; in natural history; and in the ideas and principles of con-
servation,

People conducting such a program would have to be supremely
patient. Years might go by before the results of their labors would
even begin to show. Beever says on this:

New techniques or the use of superior equipment must be taught in a
similar fashion and must be adapted to the capacity of the fishermen to absorb
instruction. Revolutionary changes of craft and techniques may alarm and
repel, while too many changes all at once usually confuse the fisherman. It
is usually more profitable to introduce changes one at a time, so that the
characteristic features are retained. A fisherman who successfully tries out a
new craft or a new engine on his familiar grounds with his own methods is
more likely to cooperate in further improvements than one who is introduced
simultaneously to new grounds, different working hours, new equipment, new
craft and so on. That is one of the more important lessons learned from past
efforts at development.?8



