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Bureau of Commercial Fisheries
Exploratory Fishing and Gear Research Base,
Pascagoula, Mississippi

July 1, 1967 to June 30, 1969

ABSTRACT

The research activities of the Base emphasize the development of new techniques for locating
and assessing unutilized marine stocks and include studies in aerial photography, multispectral
photography, marine bioluminescence, fish oil film, and sonar technology. Described are the
outfitting of the new research vessel Oregon II; the continuation of conventional exploration for
shrimp and fish in the Gulf of Mexico, Caribbean, and western Atlantic; the efforts to implement
the development of the Florida calico scallop industry; and the activities of the Exploratory Data

Center.

INTRODUCTION

The past 2 years at the BCF (Bureau of Commercial
Fisheries) Exploratory Fishing and Gear Research Base
n Pascagoula, Miss., have been years of both introspec-
ion and wide-ranging extrospection. That is, we have
ooked both within ourselves—at our methods, tools,
ind philosophy—and without—into the new world of
’ig business, brain trusts, and rapidly advancing tech-
10logy. Our problem, simply stated, was, and is, that
raditional methods of fishery biology are not adequate
0 cope with assessment of tropical and subtropical
narine stocks, particularly of those stocks that are not
ished. Traditional methods of exploratory fishing are
oth inadequate for pelagic fishing assessment and
umbersome and slow for all assessment. Thus came
wr soul-searching period for the development of a new
ssessment system, details of which will be in this
eport.

The period has seen extensive reworking of pro-
gams to provide better integration and “wholeness.”
Jur focus has shifted somewhat from exploratory
ishing in the strict sense to fishery development in the

widest sense. Our dedication remains: to serve the
commercial fishing industry of the United States to the
best of our ability.

Why have these problems arisen? Why couldn’t we
rely on time-proven methodology and techniques? Why
“rock the boat?”

It is first important to understand the nature of the
region served; a region stretching from Cape Hatteras,
N.C., to mid-Brazil and encompassing the Gulf of
Mexico and Caribbean Sea as well as the western
Atlantic. This, as far as fisheries are concerned, is a
young and growing region compared with more north-
erly regions. It is a region full of potential but lacking
in concrete knowledge. Because of this lack of knowl-
edge and the pressing need to develop the potential
rapidly, new, more powerful, more concise, and more
rapid assessment methods are needed.

As an example, we can cite the existence in the
region of an estimated 6 million tons of pelagic
schooling fishes—thread herring, Opisthonema oglinum,
several species of anchovies; Spanish sardine, Sardinella




anchovia; scaled sardine, Harengula pensacolae; round
herring, Etrumeus teres; chub mackerel, Scomber
colias; bumper, Chloroscombrus chrysurus; and scads,
Decapterus and Trachurus. Less than 4,200 tons of
these fishes are now being harvested per year.

Note we said above “an estimated 6 million tons.”
With the technology we now have we can only
estimate. Perhaps “guesstimate” would be a better
term. Now we feel we are moving towards the
development of methods for firming up our figures.
The following pages explain our progress.

Some remarkable events have occurred during the
past 2 years in the midst of our drive toward a new
technology. A few might be mentioned:

1. Activation of a laboratory for studying behav-
ior as related to harvesting.

2. A move into “remote sensing” technology for
fish location and assessment.

3. Delivery and operation of Oregon I1.
4. Transfer of Oregon to Alaska.

5. Activation of a commercial fishery for calico
scallops based on BCF findings.

6. Acquisition and activation of a Univac 9200
computer center.

DEVELOPMENT OF FISHING STRATEGY

In late 1967, as the catches of the menhaden
industry began to decline seriously, we took a long,
hard look at the whole problem of harvesting and, in a
general sense, processing the host of small schooling
pelagic fishes in the waters off the southeastern United
States. It seemed to us that we were obligated to
provide industry with knowledge of resources that
could be substituted for the menhaden, show industry
how these alternate resources could be caught, and
devise ways of harvesting and processing that would
alleviate the serious labor costs and problems now
besetting industry.

Where were points of attack?

1. Menhaden gear, though admirably suited for
catching menhaden, is not ideally suited to
catching other pelagic species.

. The large seines used by the menhaden indus-
try “waste” labor.

3. The menhaden industry has large investments
in shore physical properties (plants and ves-
sels), that are used only a portion of the year,
are expensive to operate and maintain, and
again are sources of labor “waste.”

bo

Having thus established a few of the areas needing
improvement, we made preliminary studies of each of
these areas so we would have a basis for applying
corrective measure. In essence, we came up with the
following scheme involving:

1. Developing an automated barge to replace
vessels (except meal-collecting vessels) and
shore plants.

2, Attracting fish to the barge, rather than
actively pursuing the fish.

3. Holding the fish alongside the barge.

4. Pumping the fish aboard the barge.
5. Processing automatically.

In the beginning, we had only hazy ideas on how we
could produce such a system. Talks with equipment
manufacturers, however, convinced us that there were
no real problems in the development of automated
processing equipment or pumps capable of bringing the
fish aboard.

As a means of attracting the fish, we decided to
concentrate on the use of light; to hold the fish, we
decided to investigate electric fields.

Thus our system and strategy began to take shape,
but we knew we had a long way to go. First, at the
insistence of industry, we took to the field on a crash
program designed to attract commercial quantities of
suitable fish to lights available. We used the BCF
research vessel George M. Bowers. Results were less
than spectacular and confirmed our hypotheses that
some rather basic work was needed in the laboratory as
well as in the field.

We established a small staff to investigate how light
and electricity affect various species of the pelagic
schooling fishes.

A salt-water laboratory with recirculation system
was constructed to permit the program staff to have
controlled behavioral studies on how fish respond tc
harvesting gear. The laboratory was constructed withir
an existing one-story concrete block structure adjacen’
to the net storage shed at the Base’s dock site on the
Pascagoula River. Basic components of the recircula
tion system include a combination experimental poo

Trade names referred to in this publication do not impl
endorsement of commercial products.



and water reservoir, sump, pump, filter boxes, and
delivery system. Auxiliary components consist of a
diatomaceous earth filter and a 500-gallon storage tank
used to clean the water before it was introduced into
the system.

Water for the recirculation system can be obtained
either from a salt-water well or a high-salinity wedge in
the 40-foot deep Pascagoula River channel. Iron
precipitate in the well water and particulate material in
the river salt water are removed by recirculation
through the commercial swimming-pool diatomaceous
earth filter.

The experimental pool dominates the center of the
laboratory, is 18 feet in diameter by 4% feet deep, and
has a capacity of about 7,000 gallons. A moveable
catwalk is located above the experimental pool. One
wall of the laboratory has a rectangular experimental
tank, 4 feet wide, 4 feet deep, and 15 feet long, and an
instrumentation table. The northern portion of the
laboratory has two water tables used for aquariums and
small tanks. A 700-gallon portable fiberglass tank is
often placed in the laboratory for holding live speci-
mens.

Laboratory studies are currently underway to evalu-
ate and determine the correct type and amount of light
and electricity for attracting and leading fishes. These
studies will provide the data from which it will be
possible to field test commercial harvesting systems
that use lights and electricity.

The laboratory electrical studies are aimed at
determining the combination of pulse rate, voltage, and
pulse width that is best suited to lead each of the
coastal pelagic species. Fish stimulated with the proper
type and amount of pulsating current can be controlled
and forced to swim to the positive electrode; whereas,
improper electrical stimulation does not permit control
and does not induce forced swimming to the anode. No
one combination of electrical characteristics will be
satisfactory for leading all of the coastal pelagic
species. Optimum electrical combinations probably will
vary according to the species and size of the individual
fish. Hence, a series of laboratory studies are currently
inderway to determine the ideal combination of
tlectricity for leading each of the coastal pelagic
ipecies. The technique used to obtain the proper
:ombination of electricity is to place individual fish
nto an insulated 16.4-foot long tank (fig. 1). Pre-
ielected electrical stimuli (i.e., pulse rate, voltage, and
sulse width) are applied to each individual. We record
‘he various fish responses and the time it takes each
ish to swim from the cathode to the anode. These
‘esponses and reaction times are later compared with
he responses and reaction times of fish subjected to

Figure 1.—Tank and equipment for electric-stimulation fish
studies.

other electrical combinations. We designate as opti-
mum the electrical characteristics that provide the best
and most desired fish responses.

To provide a wide range of pulse rates and voltages
for the laboratory studies, Bureau of Commercial
Fisheries and General Electric engineers modified the
BCF-developed electric shrimp pulse generator. This
generator uses a modified pulse generator to provide a
capacitor discharge type pulse to the insulated tank.
The pulse generator converts alternating current to
direct current and rectifies it into a capacitor discharge
type pulse. A variable transformer controls the voltage
output, and pulse rate is altered by means of a variable
resistor.

The laboratory studies have provided information
on the electrical combinations that are best suited for
leading eight species. Additional work will be con-
tinued to determine the electrical characteristics best
suited for other coastal pelagic species. The electrical
characteristics will be evaluated in the field during the
forthcoming year.

Through a combination of field and laboratory
studies, we are investigating the light attraction phe-
nomenon and its suitability for commercially harvest-
ing the coastal pelagic fishes in the Gulf of Mexico.
Initially, light attraction in the field is for capturing
live specimens and for generating hypotheses to be
tested in the laboratory. Results from laboratory
experiments will guide the development of prototype
light attraction systems and techniques that will be
field tested to determine their commercial feasibility.

Light attraction of selected coastal pelagic species
was studied in the experimental pool. We used 35-mm.
motor driven, wide-angle (fisheye) lens to record fish



behavior during these experiments. We constructed a
control panel that permits remote camera operation
and built an experimental light source, also under
command from the remote panel, that was mounted
over the pool. A light-tight black, polyethylene film
curtain was hung around the pool area. An automatic
timer controlled the flood lamps used for creating an
artificial diurnal light cycle within the pool enclosure.

Experimental light sources, with known physical
characteristics, are being used as attraction stimuli in
the laboratory studies. Project personnel became famil-
iar with the operation of the Base’s spectro-radiometer.
We use this instrument to balance experimental light
source intensities to provide equal spectral energy
envelopes. We evaluated the narrow band pass and
density filters and selected the combinations that
provide equal energy at selected intervals from the
visible spectrum.

Preliminary laboratory light-attraction trials on bay
anchovy, Anchoa mitchilli, were used to establish
experimental procedures and data handling techniques.
We began the experimental studies with the testing of
the response of dusky anchovy, Anchoa lyolepis, and
Spanish sardine to white light. We are now analyzing
the film from these studies.

The light-attracted community appears to be a
complex that may include both photopositive species
and opportunistic predators. Some planktonic organ-
isms, which are photopositive, may attract many of the
suspected predators. To further our understanding of
the light attraction phenomenon in the sea, we have
begun a study of the photic responses of selected
zooplankton. We have tested the responses of zoea,
megalops, and early crab stages of the blue crab,
Callinectes sapidus, and the adults of one species of
copepod.

A light net used with surface quartz-iodide and
underwater mercury vapor light is currently being used
for collecting live specimens for laboratory study and
will be used in the future to evaluate light attraction
techniques. A 16.4-foot diameter lift net, designed,
constructed, and installed aboard the George M.
Bowers, uses an improved lifting arrangement. The
mounting frame used to permit positioning an under-
water light and echo sounder transducer above the lift
net was designed and constructed. Figure 2 is an echo
tracing, from a hull-mounted transducer, of fish being
attracted to a 1,000-watt quartz-iodide lamp deployed
above the surface in 10 to 12 fathoms of water. Lift
net samples contained dusky anchovies; round herring;

Spanish sardines; rough scad, Trachurus lathami; chub
mackerel; and squid. Larger fish were seen but not
captured.

We have completed the instrumentation phase of
this project and have begun a study of light attraction
of pelagic fishes both in the laboratory and in the field.

Figure 2.—Echo trace made June 2, 1969, during nightlighting
studies aboard the George M. Bowers in 12 fathoms of
water off Mississippi. (A) 1900 hours, light turned on;
(B) 1945 hours, sky dark; (C) 2200 hours; (D) 2300 hours;
(E) 2400 hours; (F) 0015 hours, light turned off; (G) 0030
hours, end of observation; (LN) lift net.



NEW TECHNIQUES FOR LOCATING AND ASSESSING UNUTILIZED STOCKS

We have become increasingly uncomfortable in
recent years because we are unable to apply the many
aspects of a rapidly advancing nonfishery technology
to the rapid location and accurate assessment of the
many stocks of fishes in our region that are not fished
or under-utilized.

Traditional methods of fishery biology such as use
of landing statistics and tagging are of no value in the
study of a stock of fish that is not being used. There
are no statistics; the tagged fish would not be re-
covered. What sort of approach can be used?

To discuss this logically we must divide our atten-
tion to three groupings of resources: (A) the surface
and near-surface pelagic fishes, (B) the so-called mid-
water fishes, and (C) the bottom-dwelling fishes and
shellfishes.

LOCATION AND ASSESSMENT OF
SURFACE-DWELLING PELAGIC FISHES

Near complete frustration has marked the mood of
Base biologists for nearly 20 years as they watched
he Oregon steam mile after mile through schools of
such fishes as thread herring, Spanish and scaled
sardines, razor bellies, and others. They have seen the
depth recorder of the Oregon detect miles of near-
surface to bottom schools that samples showed to be
round herring. The frustration resulted from an abso-
lute inability to quantify—i.e., assess—these stocks.
None of the traditional methods of assessment would
work, and our imaginations and our budgets were too
limited to develop adequate assessment methods. Thus
our reports were replete with terms such as “tremen-
dous numbers,” “immense schools,” “heavy tracings,”
and similar subjective and nonquantitative wording.

Research with remote sensors capable of rapidly
issessing latent and underutilized stocks is now under-
vay at the BCF Exploratory Fishing and Gear Re-
search Base, Pascagoula, Miss. The overall program goal
s to develop a rapid fishery intelligence system for
issessing and mapping fish stocks. We are testing
spectrometers, image intensifiers, and lasers that may
se used to survey wide areas of the oceans by day and
night. An effective multisensor system is one that
wvould identify those characteristics of pelagic school-
fish that permit direct detection, identification, and
juantification of the schools from remote platforms.
The state-of-the-art in remote sensing can then be used
n an aerial system to assess fishery resources. Sensing-
surveying methods and data dissemination techniques,

in turn, will be developed to provide a practical means
of assessing the fishery stocks over large oceanic areas.

To realize those goals, we directed our research
effort during the past 2 years to the following four
study areas:

1. Studies of spectral reflectance.
2. Aerial photographic studies.
a. multispectral
b. Apollo 7
3. Studies of fish oil films.
4. Low-level light/bioluminescence studies.

Studies of Spectral Reflectance

A pilot program to assess the feasibility of fish
identification by remote sensing was conducted by this
Base and TRW Systems, Inc. under a BCF contract.
The study consisted of spectral reflectance measure-
ments on 18 species of live pelagic fish indigenous to
the Gulf of Mexico. Also measured was the spectral
reflectance of sea water. Recommendations were made
for airborne instrumentation that could be used to
obtain spectral reflectance measurements of fish
schools. Reflectance curves for bluefish, Pomatomus
saltatrix; largescale menhaden, Brevoortia patronus;
ladyfish, Elops saurus; black mullet, Mugil cephalus;
round scad, Decapterus punctatus; Spanish sardine; and
chub mackeral produced curves significantly different
from one another. Spectral reflectivity of bluefish has
maximum values at 400 to 450 millimicrons with
moderate reflectance (fig. 3). High reflectance values of
ladyfish peaked at 500 to 550 millimicrons. Largescale
menhaden possessed moderate reflectance at 700 milli-
microns (fig. 4). Spectral reflectivity of black mullet
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Figure 3.—Spectral reflectivity of bluefish, Pomatomus saltatrix.
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Figure 4.—Spectral reflectivity of largescale menhaden,
Brevoortia patronus.

shows overall low reflectance with no maximum values.
Round scad confined in a net in the ocean showed high
reflectance with a maximum value at about 660
millimicrons. Similarly the spectral reflectivity of a
natural school composed of round scad, Spanish
sardine, and chub mackeral showed high reflectance
and a maximum value at 675 millimicrons and was
significantly different from the reflectance curve of
clear ocean water associated with the natural school
(figs. 5 and 6). The results of this initial research
proved that a strong potential exists for application of
remote spectrophotometry in fishery assessment and
survey work.

Early Photographic Efforts.—Considerable air time
was spent in fiscal year 1968 photographing fish
schools vertically with 9-inch aerial cameras using a
variety of black-and-white, color, and color infrared
films. Fish schools thus photographed could be meas-
ured for surface area. We attempted to correlate the
aerial photography with simultaneous sonar pinging
and follow-up commercial capture of the schools. We
accomplished this successfully, but the difficulty in
coordinating all three operations simultaneously did
not permit us to collect sufficient data to allow
correlations of surface area, color, and fish density.

Multispectral Photographic Analyses.—During June
and August 1968, the Long Island University Science
and Engineering Research Group under a BCF contract
studied the feasibility of using multispectral techniques
to locate and identify surface and near-surface fish
schools. Analysis of aerial color photographs made by a
four-lens, multispectral camera with Ektachrome film
demonstrated that such a sensor system can optically
discriminate colors of artificial underwater targets.

Analysis of the photographic imagery included false
color processing and additive color rendition using a
color viewer. Special narrow-band camera filters pro-
vided increased contrast between target and back-
ground. False color separation chromatically separated
the background from the targets.
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Figure 5.—Spectral reflectivity of a mixed school of round
scad, Decapterus punctatus; Spanish sardine, Sardinella
anchovia; and chub mackerel, Scomber colias.
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Figure 6.—Spectral reflectivity of ocean water contiguous with
mixed school of fish in figure 5.



Aerial Photography in Support of Apollo 7.—Per-
sonnel from the U.S. Coast Guard Air Station, Miami,
Fla.; the Naval Oceanographic Office Spacecraft Ocean-
ography Project, Washington, D.C.; BCF Biological
Laboratory, Galveston, Tex.; and BCF Exploratory
Fishing and Gear Research Base, Pascagoula, Miss.,
cooperated in a joint research effort to provide
“ground truth” observations for Apollo 7 photographic
experiments in the Gulf of Mexico. The aims were to
locate, photograph, and identify concentrations of
surface fish off Campeche Bank; locate the boundary
of the Yucatan Current from airborne measurements of
sea surface temperatures; release Rhodamine-B dye and
menhaden fish oil; and obtain simultaneous photo-
graphic imagery of dye, oil, and fish schools from
aircraft and spacecraft. Oceanographic and ground
truth data were collected from the Oregon II. In
addition, the Base furnished a two-lens camera system
with special films, filters, and lenses; and infrared
radiation thermometer and recorder. The results in-
cluded detection of upwelling in the form of a
temperature change of 2° F. recorded over a distance
of 1 mile. BCF photographs demonstrated that the
special SO-121 color film can detect Rhodamine-B dye
and fish oil films at altitudes over 10,000 feet.

Studies of Fish Oil Films

Surface échooling pelagic fish such as menhaden,
mullet, Spanish mackerel, and thread herring are
known to secrete oils that form a thin film on the sea
surface. Studies by the BCF Technological Laboratory
at Pascagoula, Miss., on the absorption spectra of black
mullet and largescale menhaden, showed characteristic
differences in the absorption spectra of oils from
different parts of the body and differences between
species.

Because preliminary tests suggest that measurements
of the characteristics of oil films may be a way to
identify species, the U.S. Naval Oceanographic Office’s
Spacecraft Oceanography project awarded a contract
to Baird-Atomic, Inc. to make an in-depth study of fish
oil films. The aims of this work were to 1) analyze the
spectral properties of marine fish oil films and 2)
develop design criteria for an airborne/spaceborne
sensing system. The BCF Fishery Intelligence System
Program at Pascagoula will provide fish oil samples and
monitor the contract.

Low-Level Light/Bioluminescence Studies

Stimulated by reports of fish schools “firing” at
night and the development of tactical night vision

devices for the military in Viet Nam, we decided to
explore the feasibility of spotting fish schools at night.
During the year we tested a Plumbicon television
image—intensifier system from Coast Guard helicop-
ters, fixed-wing aircraft, an oceanographic platform,
and surface vessels (fig. 7). The image intensifiers were
loaned by the U.S. Army’s Night Vision Laboratory,
Ft. Belvoir, Va. The devices amplify the biolumines-
cence associated with fish schools 40,000 to 70,000
times. The Plumbicon television coupled to the image
intensifier provides a highly sensitive system combining
the advantages of easy operation, high speed of
response, and relatively good resolution. Observations
using the portable (Starlight scope) image intensifier
were made at Port St. Joe, Fla., where bioluminescence
associated with Spanish mackerel schools was recorded
on video tape (fig. 8). The data were collected aboard a
commercial haul seiner during dark-of-the-moon. The
haul seine was clearly outlined in the water when
luminescent organisms were stimulated by the mesh.
Spanish mackerel, weighing three-quarters of a pound
and “firing” inside the seine, have been seen leaving
bioluminescent trails as they charged the net. Biologi-
cal luminescence was also recorded on tape while the

Figure 7.—-Image intensifier (Sanos scope) coupled to
Plumbicon television camera. The device is on loan from
the U.S. Army’s Advanced Research Project Agency, Night
Vision Laboratory, Ft. Belvoir, Va.



Figure 8.—Image intensifier (Starlight scope) coupled to
Plumbicon television system.

Figure 9.—Image intensifier (night observation device) specially
designed for airborne observations. The device amplifies
bioluminescence 75,000 times that seen with the naked

eye.

sensor system was on the U.S. Naval Ship Research and
Development Center’s oceanographic platform at Pana-
ma City, Fla. One of our small boats towed an anchor
6 feet below the surface to stimulate luminescence.
Two separate trails of light were visible on the TV
monitor; one from the anchor and another from the
outboard motor’s wake. Combined flights by Coast
Guard and commercial spotter aircraft with airborne
image intensifiers (fig. 9) were made to document
bioluminescence associated with thread herring
schools. Crescent and half-moon shapes, and snakelike

undulations were observed and sensor imagery was
recorded at night from altitudes of 500 to 5,000 feet
(fig. 10). Observers estimated that some schools were
500 feet in diameter. During morning twilight ob-
servers aboard the spotter craft at 2,000 feet saw
intense bioluminescence when the helicopter repeated-
ly passed over a school at 500 feet; this firing
apparently was due to acoustical reverberation that
stimulated escape responses.

The aerial observations and sensor imagery indicate
that biological luminescence is a source of illumination
that provides a means for rapid surveys of surface and
near-surface fish stocks during the night. The major
factors believed to be responsible for the production of
stimulated bioluminescence associated with schoolfish
are the density of luminescent dinoflagellates, and the
speed, depth, and density of the school.

Contract research by the University of South
Alabama involved exploratory studies of the causative
organisms of bioluminescence in near-shore waters of
the northern Gulf of Mexico. Specific aims were to
determine the species composition of complexes re-
sponsible for stimualted bioluminescence associated
with fish schools at night, and to measure the relative
and absolute abundance of these complexes. Unfortu-
nately, attempts to determine which plankters were
luminescent were unsuccessful. Mechanical stimulation
failed to elicit the luminescent response in the organ-
isms collected. Peridinium (36 percent) and Ceratium
(47 percent) were the two most abundant genera of
dinoflagellates collected off the U.S. Naval Ship Re-
search and Development Center’s platform. Data show-

Figure 10.—School of Atlantic thread herring, Opisthonema
oglinum, detected at night from an altitude of 3,500 feet.
The bioluminescent image is caused by school’s movement
through the water. This television screen photograph shows
the faint glow amplified 55,000 times by the image
intensifier.



ing vertical distribution of all dinoflagellates down to
16 feet indicated that they are most numerous at the
surface (42-87 cells per gallon) and less abundant at
lower depths.

Use of Oceanographic Platform for Remote
Sensing Methodology

Many problems associated with making feasibility
tests of remote sensors can be isolated and solved more
readily through experimental programs from a station-
ary platform where sufficient “ground truth” data are
available. Such data must include not only measure-
ments of the phenomena of interest but also of the
environmental parameters which, in many cases, may
alter or completely mask the optical signature of the
target.

The U.S. Naval Ship Research and Development
Center recently approved our request to conduct
experiments from its offshore platform, Stage II (fig.
11). Preliminary tests have shown that it is ideally
suited for studies dealing with the detection and
identification of fish schools. The platform is equipped
with a system for automated data acquisition and
environmental monitoring. The data recorded include
wind speed and direction, air temperature, water
temperature at 10 levels, wave height, and current
speed and direction at 2 levels. The platform is 1.6
miles off Panama City, Fla., in 64 feet of water.
Conditions in this area are representative of coastal
oceanic waters.

Installation of Schoolfish Impoundment

We anticipate that schooling fish in pure and mixed
schools will be confined in an impoundment adjacent

Figure 11.-U.S. Naval Ship Research and Development
Center’s oceanographic platform at Panama City, Fla. (U.S.
Navy Photograph)

to Stage II for observing the behavior of schools and
identifying the spectral characteristics associated with
each school. Construction and test installation of the
net began near the end of the year. Materials included
two panels 120 feet long and two panels 60 feet long;
all panels were 60 feet deep. The netting consisted of
l-inch stretched mesh, No. 6 twine with sponge corks
for flotation, and screw-type anchors. Initial tests of 3
days duration using the 120-foot panel were unsuccess-
ful because the current clogged the net with algae.
Another test lasting for 5 days using the 60-foot panel
with additional flotation and anchors was also unsuc-
cessful for the same reason. Further tests are planned.

LOCATION AND ASSESSMENT OF
MIDWATER FISHES BY SONAR

Between the surface and the bottom of the sea isa
host of fish comprising several species suitable for
either human food or meal manufacture. The quanti-
ties of these fishes are difficult to assess—perhaps even
more difficult than surface fishes—and so far have not
been taken commercially in warm waters.

Some of our activity was directed toward develop-
ment of a practical sonar system for assessing the
pelagic resources off southeastern United States. The
experience gained with standard horizontal and vertical
sonars resulted in the collection of target incidence/
target strength data in a manner suitable for computer
processing and analysis.

Most of the coastal pelagic fishes, both utilized and
unutilized, in our regional waters inhabit shallow-water
areas of the Continental Shelf—many in waters less
than 10 fathoms deep. The use of sonars in the shallow
waters presents some unique problems, especially with
horizontal scanning sonars. These problems are due
largely to the reverberations received from the seabed
and the surface. These reverberations mask the fish
traces and make sonar assessment systems and techni-
ques developed in other areas of the world unaccept-
able for the specific needs of our area. We, therefore,
have elected to modify relatively inexpensive off-the-
shelf equipment to meet our assessment needs.

We are in the age of the electronic ‘‘black box.”” The
modification we are making to the 100 kHZ Ross
Recorder fits this description. The development of this
system is a cooperative project with NASA’s Mississippi
Test Facility group, Bay St. Louis, Miss. Its space and
rocket activities have given this group vast experience
in signal processing, data collection, and analysis. With
its support we are developing a system to collect and
count data on target incidence, measure target
strengths, record the data on analog tape, and convert
to digital data for processing and analysis by computers



(fig. 12). These data supported by corroborative
sampling will provide us with a system to measure
concentrations of fish schools on the Continental
Shelf. Field activities in the Gulf have been limited to a
series of short cruises of the George M. Bowers to
obtain acoustical signal data. From these data we have
built and tested a “‘first-step” modification. Prelimi-
nary evaluation of signal data received from “fish and
no-fish” targets is encouraging. Computer programing
of the data collected is now underway.

A series of bimonthly survey cruises begun in
January 1968 off the east coast of the United States
was completed with three cruises in fiscal year 1969.
This survey based at Brunswick, Ga., is designed to
provide information needed for a better evaluation of
the stocks of midwater and surface pelagic schoolfish
in coastal waters of the southeastern States.

Continuous high-resolution, vertical echo tracings
were obtained on 26 standard transects in the 5- to
20-fathom depth range between Cape Hatteras, N. C.,
and Jupiter Inlet, Fla., during July, September, and
November.

Data on target configuration and pertinent oceano-
graphic information collected on each transect were
tabulated and transferred to automatic data processing
for computer analysis. We are now evaluating a
summary analysis of the percentage of space occupied
by fish throughout the water column.

Preliminary examination of the data reveals that
commercial concentrations of fish appear to have
definite patterns in their north-south, seasonal, diurnal,
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Figure 12.—Conceptual design of a fish stock assessment
system.
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and inshore-offshore movements. We will use the
results of this survey technique to establish guidelines
for exploratory and experimental fishing.

This series will be expanded to include use of more
sophisticated instrumentation being developed at Pas-
cagoula.

LOCATION AND ASSESSMENT OF
BOTTOM-DWELLING RESOURCES

Dragging trawls and dredges over the bottom is a
slow way of assessing stocks of bottom-dwelling
animals. It is also expensive in terms of vessel hours,
and it is difficult to determine the true relation
between catch and abundance. Therefore, the “new
technology” has been extended to a bottom survey
technique and its appropriate instrumentation.

Several years ago BCF discovered extensive scallop
beds a few miles off Cape Kennedy on the east coast of
Florida. To assess the availability of this resource and
possibly to predict the location and patterns of
occurrence of the scallops, BCF conceived and devel-
oped a remote-controlled photographic sea sled. In
February 1969 the BCF Exploratory Fishing and Gear
Research Base, Pascagoula, and the General Electric
Company, Bay St. Louis, Miss., cooperated in designing
and constructing the vehicle.

Designated RUFAS (remote underwater fishery
assessment system) the sled is designed to operate at a
depth of 300 feet at a towing speed of up to 5 knots
(fig. 13). Diving vanes, controllable by cable from the

Figure 13.—A remote-controlled photographic/TV sea sled
designed by BCF and General Electric Company to assess
ocean bottom resources.



tow vessel, enable the vehicle to dive, climb, or hold its
position above the bottom. Underwater lights, 16-mm.
camera, vertical sounder for bottom reference, and an
underwater TV camera connected to a video tape
recorder provide the system with visual records for
detailed analysis. With this equipment the sled is
capable of performing a wide variety of underwater
research tasks.

Construction of the system has been essentially
completed. Delayed delivery of the 1,000-foot, 30-con-
ductor instrumentation cable caused the project to fall
behind schedule. On June 11 and 12, 1969, the vehicle
was tested using a 175-foot temporary control cable.
With this short cable, vertical penetration could be
accomplished from the surface to a depth of 70 feet
while stable control of sled was maintained. At the
proper setting of the vane, the sled maintained zero
degree of roll and 0 to 3 degrees of pitch through the
70-foot vertical range at vessel speeds of 2-%4 to 3
knots. We encountered some on-surface instability at
slow speeds, but minor modif