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How the Waork To Doue

THE SHIPS

Vessels belonging to three agencies regularly par-
ticipate in the work at sea under the sardine research
program. The ships are the Yellowfin, of the California
Division of Fish and Game ; the Black Douglas, of the
U. 8. Fish and Wildlife Service; and the Crest and
Horizon, of the Seripps Institution of Oceanography.
These four vessels are shown in Figures 1 and 2. The
N. B. Scofield, of the California Division of Fish and
Game, participated in some of the early cruises, and
the Seripps Institution’s Paolinag T and E. W. Scripps
occasionally have been used.

The Yellowfin, Black Douglas, Crest, and Horizon
have all been acquired since the program began. They
have been equipped as floating laboratories; the work
being only partially done from sardine funds. Dimen-
sions and speeds of the vessels are:

Length Speed

(ft.) Tonnage (knots)
Yellowfin _.______ 114 272 (gross) 10
Black Douglas ____ 118 371 (gross) 9
Crest ... 136 320.27 (displacement) 10

Horizon - ________ 143 600 (displacement) 10

The cruises these ships make can be divided into
three types:

(1) The routine oceanographic-biological survey
cruises covering the entire area under investigation at
approximately monthly intervals;

(2) Occasional cruises that are limited in secope and
designed to further special studies being made under
the program;

(3) Survey cruises made as part of the work on
availability and young fish.

The last type of cruise is made only by the Yellowfin,
which, as one of the research vessels of the California
Division of Fish and Game, is available for sardine work
during only part of the year. The other ships are avail-
able for both the routine cruises and those connected
with special studies.

THE STATION PLAN

By far the bulk of the seagoing work consists of the
occupation of the oceanographie stations—arbitrary
geographic locations—which pattern the survey area.
The region under survey covers approximately 670,000
square miles (I'ig. 3). About 45 stations are occupied
by ecach ship on each cruise. In density of observations,
oceanography, the science of the sea, has a long way
to go to cateh up with the seience of the air, meteorology.
The area of the region surveyed is more than four times
that of the State of California. The total number of

stations occupied per cruise is about 140, There are 311
meteorological stations in the State of California.

The station plan now in use is a flexible one. Sta-
tions are added or dropped as the need arises. During
the spawning season, for instance, several new stations
are occupied in areas where spawning is most intense.
ITowever, since the whole point of the program is to
gather oceanographic data by means of which average
conditions in the sea can be determined, nearly the
entire area is covered on almost every eruise.

The station plan was determined in this way : a line
was drawn that roughly parallels the coast (true bear-
ing 330 degrees) and the lines of stations were plotted
at right angles to this base line. Most oceanographie
features off the California coast, such as currents and
temperature distribution, approximately parallel the
coast. Having the grid oriented at right angles to the
base (or coast) line allows better description than if it
were along the lines of latitude and longitude. Under
the system now in use (adopted early in 1950), the
major station lines lie 120 miles apart and are num-
bered in multiples of 10. Lines can be spaced as closely
as 12 miles apart and still have individual numbers.
The plan also permits individual numbers to be given
stations spaced only four miles apart. Most of the sta-
tions are 40 miles apart ; they are nwmbered in multiples
of 10. The numbering system would permit the survey
area to be subdivided into many stations, each of which
would represent an area 12 miles long by four miles
wide. However, in the present plan most stations repre-
sent an area of either 40 by 40 miles or 40 by 120 miles.
In referring to a station under the present plan, the
line number is given, then a decimal point, then the
station number. The scheme facilitates quick identifica-
tion : station 120.60 is station 60 on line 120, for ex-
ample.

The scheduling of new ecruises is worked out at
monthly meetings of representatives of the U7. S. Fish
and Wildlife Service and the Seripps Institution of
Oceanography, and at less frequent meetings of rep-
resentatives of these organizations with representa-
tives of the California Division of Fish and Game. At
these informal conferences it is decided which ships
are to go where, who will be aboard each vessel, what
stations will be occupied. Also at these conferences, the
difficult problems of priorities are settled. They are
difficult chiefly because evervone is interested in using
the vessels during the same periods; when the sardines
are spawning, oceanographic conditions are changing
most rapidly and markedly. [t must be decided whether
a few stations off Northern California can be safely
by-passed in the interest of adding a fow more off Cedros
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FIGURE 2. (UPPER) The Crest, owned by the University of California‘s Scripps Institution of Oceanography. (LOWER) The Horizon, also owned by the
Scripps Institution of Oceanography. Both vessels parficipate in the routine survey cruises.
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Island. Such decisions carry responsibility ; data from
those few stations off Northern California may later be
badly needed to confirm variations in oceanographic
conditions,

Each vessel carries a complement of seientists and
marine technicians whose job it is to measure the cease-
less changes of the ocean. (Sometimes they are called
upon for other sorts of work; in October, 1949, the
Black Douglas came to the rescue of the survivors of a
shipwreck off Northern California.)

COLLECTION OF DATA

““Oceanographic conditions’’ is a useful but rather
vague phrase in which are lumped all the measurable
characteristics of sea water. In any sample of water,
scientists are particularly interested in the following:

(1) Temperature

(2) Salinity

(3) Amounts of dissolved oxygen and dissolved
inorganie phosphorus present

(4) Transparency of the water

{5) Amounts and kind of living organisms present

Over the years instruments to get that information
have slowly evolved. Some of them (trawls, for exam-
ple) have been borrowed from fishermen. The search for
one of the most useful instruments—a device that would
entrap and allow bringing to the surface an uncon-
taminated sample of subsurface water—occupied sei-
entific men for almost 300 years. It ended only in the
first years of this eentury with the invention of the Nan-
sen bottle, the instrument now most widely used for
the purpose. When a station is occupied, a series of
Nansen bottles is attached to the hydrographic wire and
lowered from the ship (Figs. 4 and 5). At the desired
moment, the first messenger, a small weight that slides
down the wire, is let loose. It trips the first bottle and
releases the next messenger. The bottles reverse and
close tightly on the samples of sea water. Attached to
the bottles are reversing thermometers which show the
temperature at the moment of reversal.

Details of the work on station have been modified
during the progress of the program, but the basic rou-
tine (which has been established by years of research in
oceanography) remains unchanged. At each station,
the following observations are made:

(1) Plaukton tow to 75 meters. This is made with a
nonclosing one-meter plankton net (Fig. 6). Fish eggs
and larvae are collected in this way.

(2) Hydrographic cast to 1,200 meters (if possible)
for temperature, salinity, oxygen, and phosphate data.
Nansen bottles attached to the wire collect samples from
15 standard depths. The hydrographic cast takes almost
an hour to complete.

(3) Bathythermograph observations. This instru-
ment records water temperature to a depth of 137
meters (450 feet).

(4) Phytoplankton cast (again using Nansen bot-
tles) to 70 meters.

In addition, all ships engage in dip-net fishing under
a light at night, and note the occurrence and abundance
of marine birds and marine mammals. Weather data are
collected and transmitted to the U, S. Weather Bureau
four times daily. Occasionally, deep plankton hauls are
made.

As the vessel arrives on station, it is slowed ; while
it is losing way, the plankton net is readied and lowered
into the water. The quantity of water strained during a
haul is measured by a current meter fastened in the
mouth of the net. The angle-of-stray of the towing wire
is read at one-minute intervals during a haul. When the
net tow is completed, the sample is removed, labeled,
and preserved for analysis ashore. The vessel then
swings into position for the hydrographic cast. The
depth of the water is read from the fathometer and
recorded. When the ship has lost way, the Nansen bottles
and bathythermograph are attached to the hydro-
graphie wire and lowered to an appropriate wire depth,

Four minutes are allowed after the Nansen bottles
arrive down before releasing the messenger. The wire
angle is measured with an inclinometer just after
releasing the messenger. During the time between the
cast’s arriving down and starting up the weather and
the state of the sea are observed and recorded. As the
cast is raised, the bathythermograph and the Nansen
bottles are removed from the wire. In the 15 minutes
or so required for the thermometers to come into equi-
librium with the air (both the air temperature and the
sea temperature as recorded by the reversing thermom-
eters are needed for computations of the true sea tem-
perature), the phytoplankton cast is made. This com-
pletes the work on station. The entire process will be
repeated at the next station, 40 miles away. Between
stations, the temperatures at the 15 standard depths are
read and recorded. Water samples are analyzed for
their chemical constituents. Salinity (which is deter-
mined by means of chlorinity titrations) is determined
ashore ; the rest of the measurements are made at sea. A
250-milliliter sample from each depth is analyzed for
dissolved oxygen; duplicate 100-milliliter samples for
each depth are analyzed for dissolved inorganie phos-
phorus. During an average cruise (3 ships, 140 stations)
the following number of analyses are run: 2,100 oxy-
gen, 4,200 phosphate, and 4,200 ¢hlorinity.

The ships keep in touch with the shore by means
of radiotelephone, reporting regularly on the progress
of the work.

PROCESSING OF DATA

The data collected by the techniques just deseribed
are subjected to considerable refinement. The process-
ing of the mass of original data comprises a full-time
job for 20 employees at the Scripps Institution of
Oceanography and 15 employees of the 1. S. Fish and
Wildlife Service. Still more workers are needed. The
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FIGURE 5. The Nansen bottle. (UPPER)
Attaching the bottle to the hydrographic wire.
(LOWER) Attaching the messenger. The per-
forated shield encloses the three thermom-
eters used. When a messenger strikes the
tripping mechanism at the top, the bottle
reverses and closes on a sample of sea water,
and the messenger at the other end of the
bottle is freed to slide down the wire and
trip the next bottle.

DEPTH (METERS)

100 4

200 4

300

400 4

500_

600 4

700 4

8004

900 4

m NANSEN BOTTLE 1000 4

ler
! MESSENGER
¥ WEIGHT

FIGURE 4. The hydrographic cast. Water samples are taken as nearly as possible from speci-

fied standard depths by means of Nansen bottles. The bathythermograph provides o continuous

trace of temperature to 137 meters (450 feet). The bottles are more closely spaced near the sur-

face because oceanographic conditions are more variable there. Making the hydrographic cast
takes approximately one hour.
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-FIGURE 6. Plankton tow, using the one-meter net. As the vessel arrives on station, it is slowed; while it is losing way, the plankton

net is readied and lowered into the water. The quantity of water strained during a haul is measured by the current meter fastened
in the mouth of the net. When the net tow is completed, the sample, which is collected in the removable cod end (lower right) is
removed, labeled, and preserved for analysis ashore.
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FIGURE 7. Two of the forms used in working up oceanographic data obtained on the sardine cruises. (UPPER) The
original oceanographic data noted at a single station. Location, time, weather, state of sea, and depth as shown by
fathometer are among the items entered. (LOWER) The processed data. Still more computations are needed, however,
before the data are in their final form. Approximately 2,200 stations have been occupied since the program began; the
collection and processing of the oceanographic data alone require the services of 20 full-time employees.
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collection and compilation of such data forms the core
of the sardine research program. Two of the forms
used for original and processed oceanographic data
are shown in Figure 7.

Eventually the oceanographic data from the cruises
will be published in permanent form. Plans for the
publication of the 1949 material are under way. Mean-
while, the results of each cruise are for convenience
being mimeographed and distributed to those working
on the program.

INSTRUMENTATION

During the past two years, some of the most inten-
sive and fruitful work under the sardine research pro-
gram has gone into the development and testing of a
group of new instruments designed to improve methods
of obtaining biological samples. This work has been
doue at the Seripps Institution of Oceanography.

Midwater Trawl

One of the problems of the complete investigation
of any fishery is the adequate sampling of the adults
of the species. Most of the data on the adults of the
species from the sardine research program have come
from commercial catches or from special vessels utiliz-
ing what is essentially commercial gear. The floating

fish-larvae trap has to some extent approached the
problem of adequately sampling the older forms of
sardines, but is able to take only larvae and small
juveniles. A new approach has been attempted on this
problem by the development of a midwater trawl. This
is a net of about the dimensions of ordinary otter bot-
tom trawls but with a mouth made considerably higher
in order to capture fishes not ordinarily found near
the bottom.

Tests on a preliminary model of such a net have
been extremely encouraging. A net designed on radi-
cally different principles, 10 feet wide across the mouth,
12 feet high, and about 35 feet long, has been developed.
The mouth is kept open by a special beam which also
acts as a depressor. The instability inherent in such
a design is corrected by a small piloting depressor
attached below this beam. One of the 43-pound homo-
geneous depressors has been used with success as the
pilot. This comparatively large net has been towed at
relatively high speeds and great depths. At a towing
speed of about four knots a depth of 1,500 fathoms
(about a mile and a half), was reached, and several
heretofore unreported deep-sea forms of fishes were
captured. The net has also been towed at about 60
meters depth at a speed of six knots. Fish as active as

FIGURE 8. The plankton collector was developed as part of the sardine research program. Eight are shown here. The collector was designed to allow

high-speed sampling. With the collector in the lower part of the picture are shown (at left and right) devices used in two methods of attaching the col-

lector to the cable: at the left are a stainless steel ball and Allenhead screws; at the right equipment by means of which a ball made of an alloy of low

melting point can be cast directly on the cable. It is melted off cfter use. In the center are (left to right) the recorder and bellows, propeller assembly,
and collecting net. The collector at the upper right is o specially designed adaptation for low-speed work.
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or more active than sardines have been captured in
these few shallow tows but no adult sardines have been
caught. Further tests will be made where sardines are
known to be present. A larger net approximately 17
feet across the mouth and 50 feet long has been con-
structed, and will soon be tested at sea.

There is apparently no limitation on the size of
this type of net other than the ability of the gear
aboard the vessel to handle it. It is believed that a 25-
foot net could be handled aboard the Horizon, and
with the installation of speeial booms, nets up to per-
haps 50 feet could be handled. Such nets become
rapidly heavier and more unwieldy as their size is
increased. To date all tows of this net have been made
for the purpose of determining its hydrodynamic
characteristics and ascertaining the types of fish which
it can capture.

High-speed Gear

The small nets conventionally used for the collec-
tion of animal plankton have several disadvantages.
One of the more serious is of course their slowness of
operation. Making a net tow means that the vessel must
greatly decrease its speed. Now an instrument has
been developed which, although not replacing (and
not intended to replace) the plankton net, allows plank-
ton tows to be made while the ship is under way. The
instrument is the high-speed plankton collector (Fig.
8). The U. 8. Fish and Wildlife Service has cooperated
in its development.

‘When a net is used to collect plankton, probably it
works an area where some of the fish larvae and other
nektonic creatures have been disturbed by the pas-
sage of the cable. Thus, a consideration in the design
of the new collector was to have the fishing end some-
what ahead of the cable on which the collector was
operated. The collector has been so constructed that
it can be mounted on the cable by means of a special
spherical cable clamp; this allows the cable to pass
through the collector at its forward third point. The
actual fishing is done some 12 or 14 inches ahead of
the point of attachment.

A separable depth-flow meter is used with the col-
lector. ( Although designed primarily for that use, the
depth-flow meter has a general application to all prob-
lems in which depth and distance hauled need to be
known.) A continuous record is made of the depth of
the meter and the flow of water past it. The funda-
mental components of the meter may be divided into
(1) an impeller and gear train, (2) a pressure element
and stylus, and (3) a recording spool and tape guides.
Thirtyv-five-millimeter c¢lear acetate film is used for
recording tape.

The spherical cable attachment designed specifi-
cally for use with the high-speed plankton collector is
also likely to have much wider applications. It was felt
necessary to design such a clamp so as to permit free-
dom of the attached instrunent with respect to the

cable. Such an arrangement permits the cable to spin
as loads are applied and prevents the instruments from
being twisted about. The clamp, which is made of
bronze, consists of two hemispheres held together by
Allen-head screws.

The high-speed plankton collectors were tested on
the May cruise of 1950. Four collectors were attached
to a single cable, giving a simultaneous record of the
distribution of plankton at several depths. The four
collectors were towed about 600 miles during this cruise.

Simultaneously with the development of the high-
speed collectors, it was necessary to find a method to
keep the cable and collectors under the surface while
they were being towed. When a ship at full speed tows
an object, the forces impelling that object to the surface
become enormous. The search for a device to bring about
a suitable depressing force was concluded with the
development of the mnew homogeneous depressor
(Fig.9).

FIGURE 9. Although designed specifically for use with the high-speed

plankton collector, the homegeneous depressor promises to have far wider

applications in the field of oceanography. Cast of bronze, the 43-pound

depressor exerts a 750-pound depressing force at 10 knots. The depressor

is inexpensive, and can be made in sizes that depend upon the work
to be done.

The depressor is cast from bronze. It is specifically
designed so that (1) gravity orientation can be ob-
tained with the use of a single material, and (2) the
flow pattern is fixed over a large range of speeds. This
permits balancing in air, eliminates the unbalancing
effect of permeation by water, and permits operation at
various speeds. It can be cast in several sizes, depending
on the job that has to be done. A 43-pound depressor
exerts a 750-pound depressing forece at 10 knots. A
depth of 50 meters can be obtained at that speed with
Linch eable. A depth of 100 meters can be attained with
#5-ineh wire. The depressor is cheap; the 43-pound
size should cost no more than $25 if commercially pro-
duced. The depressor has been towed at 25 knots by a
destroyer without instability. It then developed a
3.000-pound depressing force. .

A simple inexpensive hydraulic dynamometer has
been designed for use on the cables towing depressors.
This easily read indicator of cable stress is a necessity
when towing plankton collectors at high speeds.
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This new depressor is regarded by scientists work-
ing on the program as one of the significant recent tech-
nological advances in the science of oceanography.
Apparently it is going to permit the development and
use of hitherto impracticable scientific instruments, and
will thus offer the opportunity for gaining important
new knowledge about the ocean.

Floating Fish-larvae Trap

Another invention developed under the sardine re-
search program is the floating fish-larvae trap (Fig. 10).

The floating fish-larvae trap is used when the ship is an-

FIGURE 10.
chored at night. Attracted by the electric light, larval and postlarval fish
enter the trap through conical holes, pointed inward, in the wire mesh
sides. Flaps at the top collect fish swimming just beneath the sea surface.

Customarily fish larvae and young fish are sampled by
collection with a dip net. The larvae and young are
attracted by a light hung over the side of the ship at
night and dipped up in the net. The floating fish-larvae
trap promises to do this work more effectively. It should
collect quantitative samples of the larval and post-
larval forms of sardines, other surface fish, and surface
invertebrates. In form, the trap is an inverted pyramid
of wire mesh. The sides are pierced by a number of
small conical holes. The cones have a base diameter of 14
inches and are directed inward 1% inches, terminating
in a }-inch hole. The trap contains a float, beneath
which is an electric light which attracts the fish. The
trap rests with the flat base of the pyramid on or just
below the surface of the water. At the surface are flap
valves which seem to collect forms swimming close to
the surface film. Tests have shown that the trap collects
larval and postlarval fish far more efficiently than does
a dip net.

Plankton-sample Splitter

The plastiec plankton-sample splitter (Fig. 11) is
used in the work ashore. It has been constructed to
obtain aliquot divisions of a sample of plankton too
bulky to handle by ordinary methods. It is in regular
use in the recruitment studies.

Chlorinity Titrator

One of the immediate products of an oceanographic
cruise is a large number of bottles filled with sea water,
the salt content of which must be determined. In order
to run these determinations more rapidly and more
accurately than can be done by traditional methods,
the automatic chlorinity titrator is being developed.
This instrument carries out automatically a potentio-
metric titration of halides with silver nitrate solution,
the end point being indicated by the difference in poten-
tial between a silver-silver chloride electrode in the
titration vessel and a reference silver-silver ion elec-
trode. When the titrator is in use, the operator has
merely to place a sample of sea water in the titration
vessel, push the appropriate buttons, and, in a few
minutes, record the chlorinity.

ASOP

In the past most shipboard colorimetric analyses
had been carried out with visual colorimetrie instru-
ments. Although development of the photoelectric cell
has permitted the design of much more sensitive and
accurate colorimeters, most instruments available com-
nmercially are ill-suited to the rigors of shipboard use.

FIGURE 11.

The plastic plankton-sample splitter. This instrument was con-
structed to obtain aliquot divisions of a sample of plankton too bulky to
handle by ordinary methods. It is in regular use in the recruitment studies.
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In order that colorimetrie determinations of nutrients
such as phosphate could be carried out as a matter of
routine, it was necessary to develop a rugged seagoing
ingtrument.

ASOP (automatic servo-operated photometer) is
a double photocell instrument, in which the electrical
unbalance between the two photocells is used to con-
trol a servo-motor. This in turn drives a slide wire in
the proper direction to eliminate the unbalance. Essen-
tially monochromatic light is used, resulting from a
projection bulb and interference-type filters. After the
instrument is balanced initially, one has only to intro-
duce the sample and read off its transmittance.

Other Projects

The work ashore and at sea has required the fre-
quent development and modification of equipment.
Some of the other projects undertaken at the Scripps
Institution include the development of shipboard fil-
ters; the production of stainless steel graduates, filter
flasks and other laboratory equipment for seagoing
use; the design of automatic reagent dispensers (Fig.
12) for rapid metering of small fixed fluid volumes of
chemicals ; the construction of equipment for the cali-
bration of reversing thermometers; development of a
slow-speed microscope stage drive; design of a non-
metallic pump for the collection of uncontaminated
water samples; the very sueceessful modification of a
centrifuge for use in chlorophyll analysis; design and
testing of a wire drum and sheave to handle piano wire,
by means of which it is hoped to reach depths of more
than 200 fathoms at a speed of 10 knots; development
of a deck-recording surface thermometer of great
sensitivity,

Many of these devices are to be protected for sci-
entific work by patent applications.

U. S. Fish and Wildlife Service personnel have
devised an angle-of-stray indicator (Fig. 13) which
consists essentially of a steel ball damped in mineral
oil in a eurved glass tube which is mounted on a large
protractor. The instrument is suspended from the tow-
ing wire during net hauls, and provides a continuous
record of the wire angle, knowledge of which is neces-
sary in making the haul and in estimating the depths
at which the net fished. A similar device has also been
developed at the Scripps Institution of Oceanography.

FIGURE 13. Angle-ofstray indicator. When suspended from the towing
wire during net hauls, the instrument provides a continuvous record of the
wire angle.

FIGURE 12. By the use of the automatic reagent dispensers, small volumes of reagents are rapidly and accurately metered by the oil displaced by the
assembly. These are for laboratory use ashore and at sea.
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1. S. Fish and Wildlife Service personnel have de-
vised a wire clamp (IFig. 14) consisting of two hinged
members which are ¢lamped over the wire by means

FIGURE 14. Wire clamp. A small size is used as a safety clamp for
Nansen bottles, a larger size as a wire clamp for plankton nets.

of toggle bolts and butterfly nuts. A small size is used

as a safety clamp for Nansen bottles, a larger size as
a wire clamp for plankton nets.

Use of Soundings to Locate Sardine Schools

One important aspect of the work on instruments
in the sardine research program has been the Cali-
fornia Division of Fish and Game’s testing of sonic
methods for the location of fish schools. This work is
now a standard technique aboard the Yellowfin. The
vessel is equipped with a Navy surplus sonar (echo-
ranging) device and with a recording echo-sounder.

The work aboard the Yellowfin has shown :

(1) The sonar equipment installed aboard the vessel is prac-
tical for locating schools of fish up to a range of 800
vards from the vessel.

(2) The sonar equipment installed aboard the vessel is not
practical for locating schools of fish in water of depths
of less than 50 fathoms. The transmission angle of the
projector permits return from the bottom at short ranges
in shallow water, masking out any schools of fish which
might be present.

(3) The recording echo-sounder installed aboard the vessel
is practical for locating schools directly underneath the
vessel, and for determining the vertical distribution of
these schools (Fig. 15), but not for identifying their
composition. As yet species of similar size and schooling
habit cannot be separated by the trace on the recording
echo-sounder.

The equipment aboard the Yellowfin is bulky, ex-
pensive, and requires the services of a trained operator.
Its experimental value is considerable, but commercial
exploitation is regarded, at least at present, as scarcely
justified.

The methods of echo-sounding and echo-ranging
are similar to those developed by the Navy for locating
submarines. The sonar head is not used for active
scanning ; it is left at 45 degrees on either bow. When
an indication of the presence of a school of fish appears,
the head is rotated and the vessel maneuvered to come
directly over the school. When the school appears
as @ trace on the recovding echo-sounder. a small
explosive charvee is dropped and sanmiples arve collected.
The method is used only as a supplenient to visual
location,
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FIGURE 15. Two examples of the use of echo-soundifig apparatus aboard
the Yellowfin to help in locating sardine schools. (UPPER) On Cruise
50-Y-7-36, 23 July 1950, a school was found about one mile off Cedros
Village. The light trace near this fop was made by echoes from the school
(the lower, darker trace is the bottom). Vertical distribution of the school
was from 10 to 80 feet. The vessel probably cruised over the school. Sam-
pling resulted in the taking of 81 sardines and 4 jack mackerel. (LOWER)
This school was located visually on Cruise 50-Y-7-33. It was found 19 miles
south-southeast from Morro de Santo Domingo in Sebastian Viscaino Bay.
The bottom is at approximately 260 feet. The upper trace shows the vertical
distribution of the school to be from 16 to 60 feet. More than 100 sar-
dines were taken. Observers estimated that the school contained 30 tons
of sardines.



