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Progress in Exploratory Fishing and 
Gear Research in Region 2 

Fiscal Year 1966 

By 

HARVEY R. BULLIS, JR., Base Director 
JOHN R. THOMPSON, Assistant Base Director 

Bureau of Commercial Fisheries Exploratory Fishing Base 
Pascagoula, Mississippi 39567 

ABSTRACT 
Activities of the past year included explorations by the R / V Oregon in the South 

Atlant ic Ocean and Caribbean Sea, collection of data on shrimp behavlOr, and work 
on other research projects. 

INTRODUCTION 

This year our report takes on a new form-­
p r imarily for the interested public outside 
he Bureau of Commercial Fisheries and for 

BCF admInIstrators, who are not all scien­
i s ts - - to explain our research and services 
~rom July 1, 1965, through June 30, 1966. 

Highlights of our research and service 
result s reported here are: 

1. Continuing systematic exploration for 
fi s h and shellfish off the South Atlantic and 
tn the Caribbean by the R. V. Oregon. 

2 . Testmg fish-pump and night-light fish­
ing in the Windward Islands. 

3. Summarizing 16 years of raw data from 
the Gulf of Mexico and analyzing them as a 
basis for scheduling of R. V. Oregon II, which 
was expected to be delivered in mid-1967. 

4 . Observing shrimp behavior- -to aid the 
i s hermen in making a profitable harvest and 
o help the researchers in designing compo­
ents for an electro - shrimp trawl. 

5. Recording on Automatic DataProcessing 
ca r ds data from field explorations, hundreds 
o f specimen identifications, records on surface 
school fishes, and data on gear research. 

6 . Completing an atlas showing how com­
mercially valuable concentrations of brown, 
white , and pink shrimp are distributed in the 
G ulf of Mexico. 

FISHERY EXPLORATIONS AND SERVICE 
F i s he r y explorations, one of the most ex­

cit in g p has es of fishery research, takes sev­
e r al form s depending upon the purpose: (1) one 
m aking fo r an inventory of plants and animals 
in a de s ignat ed area and (2) anothe,r for ex-
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tending limits of known commercial fishing 
grounds, seasonally or geographically, or for 
finding commercial concentrations of species 
not h arvested now. 

Vessels in Region 2 explored an area ex­
tending from Cape Hatteras, N.C., to southern 
Brazil in the western Atlantic, including the 
Caribbean Sea and Gulf of Mexico. Bottom 
explorations extended from shoreline to 2,000 
fathoms. Pelagic explorations spanned all in­
ternational waters in this region in addition 
to inshore coastal areas of the southeastern 
United States . Seagoing activities in the Gulf 
have been curtailed sharply since the R. V. 
o reg0E:. was t ransferred to the Exploratory 
Fishin g Station at St. Simons Island, Ga.; 
these explorations will resume sometime next 
year after delivery of the R. V. Oregon II. In 
the meantime, emphasis has been placed on 
analyzing exploratory records and developing 
plans fo r future ope rations. 

Searching for IVlenhaden in the 
Eastern Gulf of Mexico 

On a small scale, attempts have been made 
by sea and air to locate stocks of menhaden 
in the Gulf that would permit the industry to 
expand production. The menhaden fishery is 
the largest fishing industry in the United States, 
representing more than 40 percent of the total 
tonnage landed. The fishery is carried out 
along the Atlantic and Gulf coasts. The Gulf 
fishery is comparatively young; its production 
for the past 5 years, however, has exceeded 
that of the Atlq.ntic coast. This is due partly 
to an apparent lack of fish on the east coast 
and partly to increased fishing efforts on the 
Gulf stocks. In the Gulf, fishing usually occurs 
from April through October and is concentrated 
in the northern portions. 



The five aerial observation flights made this 
year were only moderately successful in lo­
cating surface schools. All but 10 of the 365 
schools observed were seen in November and 
December. This correlates with results of 
previous off-season survey periods and is 
probably related to more turbulent seas in 
January to March, making surface schools 
hard to detect or possibly causing them to 
disperse. On all flights, surface tempera­
tures were taken with an infrared thermometer 
(fi g . 1) and will be used to determine the 
correlation, if any, between temperatures and 
occurrence of fish schools. 

Gi ll nets were used from the R. V. George M. 
Bowers to determine the fish species in the 
surface schools. During the four cruises, 162 
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Figure l.-- Airplane and surface vessel tracks with ob­
served temperatures in degrees Fahrenheit, west coast 
of Florida, January 1966. 

s t ations were sampled. Menhaden were found 
in Flori da w aters off Apalachicola and from 
St . Petersburg Beach to Cape Romano in less 
than 5 fathoms. Echo tracings indicated that 
these fish w ere generally not concentrated 
enough to be captured efficiently with purse 
s eines (fig , 2). Other fish schools sampled 
c ontained thread herring, scaled sardines or 
razorbellies, and Spanish sardines. Thread 
he rring w as by far the predominant species 
south of Tampa Bay along the west coast of 
Florida. 
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Figure 2.--Echo sounder tracings of fish schools during 
menhaden survey with R.V. George M, Bowers along 
the west coast of Florida, January 1966. 

To date, results indicate that menhaden 
are not sufficiently concentrated to support 
an off-season fishery, except in the fall and 
early winter off Apalachicola. There is addi ­
tional support to earlier findings that stocks 
of herringlike fishes, especially thread 
herring, are present in great numbers and 
would, after further harvesting research, sus­
tain an off-season meal and oil fishery. 

A Gulf Fishery Potential for American Eels 
Traps and trotlines were fished experi­

mentally for American eels during the sum­
mer. Traps caught more eels than the trot­
lines, and fishing was best around effluents 
from seafood processing plants. The best one­
night catch of 67 pounds of eels was made 
near the outfall of a shrimp processing plant. 
T raps should be set on a rising tide because 
decomposition products occasionally kill 
trapped eels at low tide. At the end of the 
preliminary study, the results indicated that 
trap fishing at seafood plants would support a 
small commercial fishery for eels. 

Fishery Explorations on the Southeastern 
Atlantic Coast 

Field activities ofthe R. V. Oregon, operating 
from the Exploratory Fishing Station at St. 



Simons Island, Ga., were spread widely off the 
southeastern coast of the United States, Bahama 
Islands, and in the Caribbean Sea. Four cruises 
were made from the Florida Straits to South 
Carolina: one off the Florida east coast and 
northern Bahamas; one in the Bahamas in 
cooperation with the Woods Hole Oceanographic 
Institution, University of Miami, and Bureau 
of Commercial Fisheries Laboratories' and 
two in the Caribbean Sea in cooperation' with 
the United Nations Special Fund Caribbean 
F isheries Development Project. A total of 195 
days was spent at sea. 

Resources of brown, pink, and rock shrimp 
were assessed in the outer Continental Shelf 
from Sebastian Inlet, Fla., to Charleston, S.C . 
Small and commercially unimportant catches 
of brown and pink shrimp were made south of 
C ape Kennedy off Melbourne between 25 and 
45 fathoms. Small quantities of rock shrimp 
were uniformly distributed from Charlestonto 
central Florida. South of Cape Kennedy in 26 
to 27 fathoms, 40-foot trawl catches of 21-25 
count (heads on) rock shrimp increased from 
12 to 65 pounds per hour. 

Some observations were made on swordfish. 
N ear the Great Bahama Bank during May and 
June, 14 night sets caught only five swordfish. 
During July in the northern Bahamas and off 
the Florida east coast, on the other hand, night 
longline set s we re made at nine loc ations and 
17 swordfish were taken- -six on one 500-hook 
set, 70 mil e s east of St. Augustine, Fla. 
Nekton net hauls, ln November, caught several 
juvenile swordfish off the northern Florida 
coast (fig. 3). 

Dredge surveylllg during August showed that 
calico scallops of commercial size (over 2 
inches in diameter) were available in the Cape 
Kennedy area. Half-hour catches with 6-foot 
tumbler dredges were as high as 595 pounds 
(in the shell) in 14 to 37 fathoms. The most 
productive depths were in 27 to 33 fathoms, 
where scallops were in prime condition and 
averaged 63 meats per pound. In April, scat­
tered small scallops were found in 40 fathoms 
northward from Sapelo Island, Ga. 

Concentrations of bottomfish were found 
several times during explorations with40-foot 
shrimp trawls off the north-eastern Florida 
coast. January catches ranged up to 1,900 
pounds per one-hour drag, with largest catches 
consisting of spot, croaker, black seabass, and 
flounder. 

A 32-day cooperative study of pelagic fishes 
in the Florida Straits and along the Great 
Bahama Bank was made during May and June. 
Participants were from the Bureau Labora­
tories, Woods Hole Oceanographic Institution, 
University of Miami, and International Game­
fish Association. The Bureau and Woods Hole 
Oceanographic Institution jointly controlled the 
Oregon's operations. During the study, 31long­
line sets were made in the migratory path 
of giant bluefin tuna schools to determine the 
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Figure 3.--Small swordfish taken during longlining by R. V • 
Oregon off northeast Florida in November 1965. (Rule = 
1 meter or 39.37") 

depths at whlch the fish are swimming. Our 
failure to catch any bluefin tuna implies that 
none was in the area at that particular time. 
Bluefin apparently are concentrated in shallow 
water where longlines are not effective. Nu­
merous schools of blackfin tuna. were seen 
prior to the passage of Hurricane Alma. Vari­
ous billfishes and tuna were tagged; shark 
meat and liver were collected for technologi­
cal studies; dolphin were caught for marketing 
tests; gonad and stomach samples were taken 
for laboratory study; and oceanographic ob­
servations were made and recorded at each 
longline station. 

Caribbean and Tropical Atlantic Explorations 
Explorations were made during September 

and October off central and western Venezuela, 
in the Gulf of Venezuela, around Aruba {Nether­
lands West Indies), and off southern Colombia, 
in cooperation with the United Nations Special 



Fund Car ibbean F ishe r ie s D evelopment P roject 
and the Instituto Ve n ezolano d e Investigaciones 
C ientificas . Night longline fis hin g w as coordi­
nated with t he cruise p a t h of the Bureau's 
R. V. Geronimo . Two t o f our s w ordfish, ranging 
from 25 to 225 p ounds eac h , w ere on all long­
line sets except one whic h pro duce d 103 sharks, 
of which 101 (7 1/2 t ons) we r e s ilky s h arks. 
Foodfish catches were sm all . T h e best drag 
off Guajira caught 88 poun d s of s napper and 
grouper. Dredge sampling we st of A rub a in­
dic ated a bottom that was almost void in livin g 
organisms. Off Venezuela and Colomb ia , 12 
schools of tuna were sight ed: 5 s cho ols of 
blackfin, 2 of yellowfin, 4 of skipjack, and 1 of 
little tuna. Numerous large schools of small 
blackfin were sight ed and phot og r aphed off 
Punto de San BIas, Panama (fig. 4 ). 

Catches of shallow - water and deepwat er 
shrimp were generally low. Double - rigged 
drags east of long. 70 o w. did not exceed 5 
pounds per hour; in the Gulf of Venezuela, 
however, brown shrimp were caught at rat es 
of 20 pounds per hour orless and white shr imp 
at rates of 12 pounds per hour or less . Off 
southern Colombia between Punto San Bernardo 
and Cabo Tiburon, catches of mixed brown 
shrimp (average 31-35 count tails) were less 
than 200 pounds of tails per night, which was 
lower than those obtained in the spring of 
1964. Royal-red shrimp catches were 20 to 
35 pounds per hour, whereas other deepwat er 
shrimp and mixed catches were 50 pounds per 
hour in 250 to 275 fathoms off Golfo de Trist e, 
Venezuela. Catches were less than 10 pounds 
per hour off Reno de Paraguana, Pena de 
Guajira, and southern Colombia. 

The eastern Caribbean (Windward Islands) 
between Puerto Rico and Trinidad was again 
surveyed in coope ration with the United Nations 
Program during February and March. In addi ­
tion, a survey of the fishery pot ent ial o f 
Dominica, West Indies, was unde rt aken in 
c oope ration with the Smiths onian Inst i t u t ion, 
and field studies were begun on u s e of fish 
pumps. Combinations of one to fou r subme r ged 
1,000-watt lights with precise int ens i t y control 

Figure 4.-- Birds over school of blackfin off Punto de San 
Blas, Panama, October 1966. 
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were used with an experimental 6-inch (1,500 
gallons per minute) fish pump to see if school­
ing fishes were attracted to a night light . 
Anc hovies, silversides, and scaled sardines 
were more responsive to the various light 
intensities than were thread herring, cigar ­
f i s h, and jacks. All could be taken with the 
pump; however, the highest catch rates were 
made at Grenada where 234 pounds of ancho ­
v ie s and sardines were pumped in 1 hour 
(fi g s. 5 and 6). 

Limited long l in e f i shing in the eastern Carib­
be an caught small quantit ies of swordfish, 
b lackfin tuna, spe arfish, and marlin (fig. 7). 
T wo expe r im ental deep-set longlines (41 hooks 
each) were fis h ed in 200 and 400 fathoms off 
Dom inic a and St. Luc i a respectively. Two small 
s ha rks w e r e t aken in 200 fat h om s; h o weve r, the 
400 -fa t hom gea r was l ost. 

T r olling - line c atches in cluded 25 
4 s kipjack s, 4 b l ackfin, 1 w ahoo, 
barracuda , 1 king mackere l , 2 
macke r el , and 1 ce r o . 

dolphins, 
13 great 
Spanish 

Eight fi s h scho ol s i d ent i fied as blackfin and 
skipjack t una we r e s e e n b etw e e n Puerto Rico 
and T obago. 

Grunt dominated t h e c atc h es of a 40 -foot 
t rawl in 30 t o 40 f a t h o m s off Tobago; h o wever, 
between 5 and 16 pounds (heads on) of brown 
shr imp pe r hou r we re c aught. S i ze of shrimp 
vaned from 11 - 15 count to 26 -30 c ount. 

In 250 t o 450 fathoms off Domini ca, on the 
o t her hand, deep w ate r s h e llfish of potentially 
commercial value included scarl et p rawns, 
striped shr imp , and l obsterettes. 

Handline cat che s o ff Dominic a, St. Lucia, 
Grenada , and Tobag o w ere l o w , c onsisting of 
silk snappe r, C a ribbean c roaker, tilefish, 
yelloweye g r o upe r, W arsaw grouper, and 
wenchman. 

Industrial Followup on Explorations 

Developers of automatic processing equip ­
ment for c a lic o s c a llops field-tested equip ­
ment in N orth Carolina waters where scallops 
a r e p l entiful (shrimp boats made day trips 
from t h e dock to the grounds in 2 1/ 2 hour s 
a n d took about 600 bushels of scallops per 
bo a t per day). During the year, manyproblems 
h a v e b e en solved with mechanical shucking 
devic es and various machinery components 
h a v e b een modified. Up to 100 percent re­
c overy of meats from both the shucker and 
evis c erator has been demonstrated, and a sec-
0nd pro c.essing unit is now nearing completion. 

Landings of royal-red shrimp continued on 
the Flor ida east coast. Four double -rigged 
shrimp vessels are in the fishery . These boats 
are averaging catches of 140 to 280 pounds 
of 21-25 c ount to 41-45 count tails per 3- to 
4-hour drag, with landings at 2,300 to 2,500 
pounds per 4-day trip. Marketing problems 
have lessened, and ex-vessel prices are com­
parable with those for fre sh local white shrimp. 



Figure 5.--Fish taken during night-light pump experimC'nts 1'1 dryin tra) 

Figure o.--A portion of cat I taken by fish pump Ilbo .. rd 
R. V. Oregon. 
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ROYAL-RED SHRIMP STUDIES 

Royal-red shrimp live on slope areas off 
the Continental Shelf having mud or ooze 
bottom, in temperatures ranging from 46 0 to 
52 0 F. The areas of high abundance are lo­
cated (1) along the southeastern Atlantic coast 
off central Florida, (2) in the Gulf of Mexico 
south of the Dry Tortugas, and (3) southeast 
of the Mississippi Rive r Delta. Each high 
abundance area was divided into sections of 
one degree latitude and longitude, extending 
from 100 to 400 fathoms, to facilitate studies 
on distribution and abundance of royal-red 
shrimp and associated species. 

The grounds are geographically similar, 
though the distance down the slope from 100 to 
400 fathoms varies considerably, being almost 
a third greater on the Mississippi River slope 
than on the Atlantic grounds where depth dlS­
tribution of temperature follo ws a s hallower 
pattern. When considering the large size varia­
tion of the areas, the difference in relative 
abundance becomes dramatic . Bureau of Com­
mercial Fisheries and commercial fishermen 
have found the greatest abundance (m terms 
of yield) to be on the Atlantic grounds, fol­
lowed by the Dry Tortugas and Mississippi 
River grounds. 

Distribution of fish and crustaceans ln each 
of the areas is similar to the royal-red shrimp 
population; however, factors responslble for 
patterns of distribution are not fully understood 
and more studies are needed. 

CALICO SCALLOPS 

Study of the Cape Canaveral scallop bed 
was resumed after a l-year interruption for 
work on a shrimp atlas. The data analysis is 
now infullprogress. Apparently calico scallops 
have seasonal but somewhat ill-identified pat­
terns of distribution in 10 to 30 fathoms be­
tween lat. 27 0 30' N. and lat. 29 0 00' N. 

GULF OF MEXICO EXPLORATORY 
FISIDNG ANALYSIS 

Smce the Gulf Program was without an ex­
ploratory vessel during the year, major effort 
was placed on analyzing the 16 years of data 
from Oregon, Silver Bay, and George M. 
Bowers explorations in the Gulf. 

Scheduling of R. V. Oregon II and George M. 
Bowers cruises to fill the gaps in our knowl ­
edge of seasonal and geographic distribution 
of fish and shellfish was continued, and several 
phases of this project were completed. 

Several briefs were completed on unde r­
utilized and unutilized fish resources in the 
Gulf and southwest Atlantic. The following is 
a resume of these reports. 
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Bottomfish Stocks 
Stocks of indus trial bottomfish in the Gulf 

of Mexico, which are immediately available 
year-round for f ish meal or fish protein con­
centrate, are located on the inne r and mid­
shelf grounds out to 50 fathoms between Texas 
and the northwest coast of Flor ida . Over 177 
fish species have been caught off Louisiana, 
Mississippi , and Alabama. The average annual 
commercial yield is about 42,000 tons, which 
is processed for canned pet food and frozen 
mink food. Catch rates by commercial fishing 
vessels uSlng two 65 -foot balloon trawls 
average 1 ton per hour ln 7 to 30 fathoms 
during the winter and sprmg, 1 1/3 tons per 
hour in 1 to 7 fathoms during the summer and 
fall. Croaker, spot, silver seatrout, sand sea­
trout, cutlassfish , and longspine porgy are the 
most lmportant species, composing 83 percent 
of the total catch. 

Analysis of the fishery has indicated that 
the bottomHsh stock mamtamed itself at 
reasonably productive levels over a recent 
5 -year penod despite increased catches and 
effort. The fishing area now includes so m e 
5,500 square miles; however, we estimate 
that more than 600,000 tons are avallable if 
fishing is extended to the northern Gulf whe re 
BCF vessels and off - shore shrimpers have 
found comJTIe rcial quantities of bottomfish . 

Surface and Subsurface Stocks 

Many queshons on relative abundance and 
availability of herringlike and other pelagic 
species schooling over the Continental Shelf 
in the Gulf of Mexico are unanswered . We do 
know that these stocks, as indicated by our 
aerial and shipboard observations, are ap ­
parently present in quantities close to those 
of menhaden, now being fished near the level s 
of maximum sustainable yield. 

Several species of pelagic schooling fishes 
have frequently appeared in exploratory rec ­
ords. These fishes are widely distributed over 
the Continental Shelf year around and occa ­
sionally large numbe rs have been caught. Pre ­
dominant species of schooling fis he s taken 
during exploratory operations are thread 
herring, anchovy, Spanish sardine, scaled 
sardine, round herring, scad, bumper, 
but t e r f ish, harvestfi sh, and chub mack ­
eral. 

The thread herring has appeared more 
often in cat ch samples and has been seen 
probably more often t han all other surface 
school species combined. Thread herring 
stocks in the Gulf of Mexico are roughly e sti ­
rn ated to be 1 million tons. This statement i s 
based on data from Bureau of Commercial 
Fisheries shipboard and aerial observations 
and from comme rcial fishing activities. Com ­
mercial trials with purse seines have averaged 
about 30 tons of thread herring per set (fig. 8) . 



Figure 8.--Catch of thread herring taken by the com­
mercial vessel Sea Rover off the west coast of Florida. 

The estimated dens1ty of thread herring ob­
servations a:ong the Florida west coast 1S one 
school per square mIle inside the 20-fathom 
curve. Although observations on thread herrmg 
stocks 1n the northe rn Gulf are not as nume rous 
as those for the FlorIda west coast, surface 
schools are present ~n the northern Gulfdurmg 
the summer and subsurface schools through­
out the year. Th1S 1S well illustrated m BCF 
exploratory data, wh'ch show that thread 
herring have been caught at 216 midwater 
trawl stations. 

R. V. OREGON!! CONSTRUCTION 

Though the contract for Oregon II construc­
tIOn was awarded m July 1965 to Ingalls Ship­
bU1ldmg Corporatlon, Pascagoula, Miss., actual 
fabrIcatIon d1d not commence until June 1966. 
Meanwhile, reVIew of vessel specifications, 
ordering of materIals, and other preconstruc­
tion tasks were completed, as was the con­
struction and testing of a scale model. Final 
delivery was tentat1vely set for May 5, 1967. 

HARVESTING RESEARCH AND 
DEVELOPMENT 

Behavior of Shrimp as Related to Harvesting 

Gear research personnel in Panama City, 
Fla., contmued developing an electro-shrimp 
trawlmg system. The shrimp fleet now re­
m ains idle about half the time on the grounds 

7 

because brown and pink shrimp burrow into 
the bottom in the daytime and, hence, cannot 
be caught with trawls. A method of catching 
shrimp during daylight was needed so that 
costs of fishing could be reduced by making 
better use of manpower and equipment; there­
fore, gear research personnel began experi­
ments with a trawl equipped with an electri­
cally charged cable. 

Repeated trials with early models of electric 
trawls were not especially successful and indi­
cated that basic information on how shrimp 
react to electric charges had to be obtained. 

Information was also needed on the type and 
amount of electrical energy required to make 
shrimp leave their burrows and thus be caught 
by trawls. Laboratory and field studies show­
ing how electricity affects shrimp behavior 
provided our staff with criteria necessary to 
design and develop the electro-shrimp trawl 
system. 

The specific type and amount of electricity 
required to force burrowed shrimp out of and 
off the bottom, within the time it would take 
a trawl to cover the distance from the front of 
the electrical field to the footrope, had to be 
determined. Thus, if the experimental animals 
could be forced to jump to the desired height 
within 2 seconds, a trawl, traveling at 2.5 
knots, with an electric held 8 feet in length, 
should be capable of catching burrowed 
shrimp. 

The first series of field tests was to deter­
mine the optimum electrical characteristics 
necessary to deburrow brown and pink shrimp 
from a white sand bottom. These tests will 
show how long it takes an individual shrimp to 
escape its burrow and how high it jumps above 
the bottom, as well as its escape pattern when 
stimulated with various electrical charges. 
SCUBA divers with 16-millimeter movie 
cameras recorded the escape reactions of 
several hundred shrimp burrowed in white 
s and bottom. Expe rimental electric al voltage s 
ranged from less than 1 to more than 3 volts, 
and repetition rates varied from 3 to 6 pulses 
per second. 

Analyses of movie film sequences indicate 
that pulse rate and voltage affect the shrimp's 
escape reactions. The percent activity (Le., 
proportion of animals reaching a height of 3 
inches or more above the bottom within 1.9 
seconds) is significantly greater for the groups 
stimulated with high voltage than for those 
stimulated with low voltage (fig. 9). 

Examination of the average height the ex­
pe rimental animals jumped off the bottom 
when stimulated at 4 pulses per second at 
different voltages indicates that the greater 
the voltage, the higher the animals jump 
(fig. 10). Further, as voltage increases, the 
percentage of animals that deburrow also 
increases; however, in relation to trawl speed 
and electrical field, 3 volts at 4 pulses per 
second proved to be optimum. 
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Figure 9.--Relation between pulse rate, voltage, and per­
cent of experimental animals r eaching a height of 3 
inches or mor e above the bottom within 1.9 seconds. 
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Figure lO.--Relation be tween per cent of animals that 
"deburrow" within 1.9 seconds and the average height 
they jump off the bottom when exposed to 4 pulses per 
second at differ ent voltages. 

The second seri es of field tests was aimed 
at determining t h e effect of substratum on 
escape re action of shrimp stimulated with 4 
pulses pe r se c ond at 3 volts. The percentage 
of animal s e s c aping from sand is considerably 
lower t han those from clay or mud (fig. 11). 
Further, t h e averag e height reached above 
the bott om i s less for animals escaping from 
s and than f o r thos e from either clay or mud. 
The escape w as the same for animals bur­
rowed in eithe r clay or mud. 

Labo r a t o r y e xperiments were conducted to 
find a met h od of observing and recording night­
time a c tivit y of shrimp without altering normal 
shrimp behavior. Two automatically controlled 
35 -millimet er c ameras were rigged to record 
the activit y of two groups of nonburrowed ex­
p e r iment al s h rimp at 1/ 2-hour intervals 
t h roughout t h e night. One group of shrimp was 
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Figure l1.--Relation between bottom type and percent 0 

animals that "deburrow" within 1.9 seconds and th 
average height they jump above the bottom when stimu­
lated with 4 pulses per second at greater than 3 volts. 
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Figure l2.--Nocturnal acoVlty of pink shrimp subjected 
to flashed infrared light and electronic flash of white 
light. 

subjected to three diffe rent wave lengths of 
light in the infrared range for various time 
intervals between sunset and sunrise. The 
other group was exposed to flashes of white 
light of different durations during the same 
tim e inte rva1. 

Activity was greater for shrimp subjected 
to intermittent electronic flashes than for 
those exposed to either continuous or flashed 
infrared light. To observe shrimp, we found 
that flashed white light was clearly superior 
to flashed infrared light (fig. 12). Two peaks 
of nighttime activity can be seen for the ani ­
mals exposed to the electronic flashes. The 
activity level increased from 20 to over 80 
percent 1 hour after sunset, remained at a 
relatively high level for several hours, and 
decreased to less than 50 percent at mid­
night. A second peak of activity occurred after 
midnight and lasted until slightly before dawn. 
At sunrise, activity decreased rapidly. The 



expe r iment al 
infr a r ed also 
a l t hough t he 
n o unced . 

animals exposed to the flashed 
had two peaks of daily activity, 
peaks were much less pro-

T o date, the best method of observing shrimp 
a t night appears to be with electronic flash; 
any prolonged exposure to light, regardless 
of wave length, increases the time shrimp 
remain burrowed. 

Work in the laboratory was supplemented 
y 24 - hour observations of shrimp in cages 

a tt ached near viewing ports of the underwater 
observation chamber at the dock in Panama 
City, Fla. A specially de signed 35 -millimeter 
camera was used to record the observations. 
Late in the year, gear research engineers 
believed that these observations and their ac­
companying data were adequate for the design 
of a much modified electrical trawl, tailored 
to suit the behavior of shrimp. 

Developing the Electro-Shrimp Trawl System 
The present electro-shrimp trawl system 

has four basic components: the power control 
panel, power cable, electronic pulse generator 
with its underwater housing, and the electrode 
array (fig. 13). The system operates in the 

~
OllOWing manner: Electrical power is sup­
lied through the power control panel andpower 

cable to the electronic pulse generator on the 
trawl door, where it is converted to direct 

." v • · 0 

'o .... er Cabl. 

p,,:. ~::;;t., f1 
Outpl,l' 10 Eleclrodei 

Figure 13.--Diagrammatic sketch of the components in 
the Bureau developed electro-shrimp trawling system. 
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cur r ent, s t ored in a capacitor bank, and dis­
charged through the electrode array. 

The power control panel aboard ship is a 
sheet metal panel on which is installed a 
variable transformer to control the alternating 
current and two voltmeters - -one alternating 
current and one direct current (fig. l4A). The 
alternating current meter shows the voltage 
being supplied to the underwater electronics 
unit, and the direct current meter shows 
voltage on a capacitor bank in the electronic 
pulse generator. 

A 4-conductor, neoprene-coated cable is 
used for a power cable. Two conductors supply 
alte rnating current to the unde rwate r electronic 
unit, and two conductors return pulse genera­
tor, direct-current voltage readings to the 
power control panel. 

The electronic pulse generator is enclosed 
in a watertight housing made of polyvinyl 
chloride pipe (fig. l4B). The housing is at­
tached to the inboard trawl door on eIther the 
starboard or port trawl. The housing is over­
sized to simplify repair and to provide space, 
when necessary, for redesign of the electronic 
pulse gene rator. 

The electronic pulse generator is the heart 
of the electrical trawl system (fig. l4C). Com­
ponents of the pulse generator are (l) direct 
current rectifier circuit, (2) capacitor storage 
bank, (3) unijunction transistor trigger circuit, 
(4) silicon controlled rectifier "on-off" switch, 
and (5) commutation circuit. Generator charac_ 
te ristic s such as pulse rate s, pulse width, 
and field voltages satisfy the requirements 
producing optimum response by the shrimp. 

Fi ve individual electrode s, with the ends 
attacred to each side of the leadline and 
equally spaced ahead ofthe footrope, constitute 
the electrode array (fig. l4D). Each electrode 
is a cable that is composed of three strands 
of insulated, stainless steel wire to provide 
strength and three strands of exposed, copper 
conducting wire. Several designs of electrode 
material have been tried, but at present this 
commercially p urchased cable is the best. 

The prototype system was tested initially 
during R. V. George M. Bowers cruise 64, and 
several problems immediately arose. The 
electrodes were not durable enough to with­
stand the constant chafing of rough bottom. 
Underwater electrical connectors on the pulse 
generator housing leaked and shorted out. The 
most serious problem encountered was over­
heating and deterioration of the generator cir­
cuits because of overloading due to the high 
conductivity of salt water. From the beginning 
of the project this physical characteristic of 
sea water had made it difficult to obtain ac­
ceptable voltages. At the end of cruise 64, the 
pulse generator was redesigned and other de­
ficiencies of the system corrected. 

An improved electrical shrimp trawl system 
was tested during Bowers cruise 65. Although 
the cruise was short and field testing limited, 
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Figure 14.--Components of the prototype electro-shrimp trawl. 
A. Power control panel. 
B. Pulse generator and underwater housing. 
C. Electric pulse generator mounted on trawl door. 
D. Electrode array on a40-footGulfofMexico trawl. 

the catches were good. Overloading ofthe com­
mutation circuit and leaking of the underwater 
connectors again gave trouble; however, these 
problems were corrected later. 

Within 6 months, an electrical trawl system 
had been designed and constructed. Although 
not a final product, the system could operate 
dependably as well as make encouraging 
catches. Tests showed that with more im­
provements and field testing, a system could 
be developed that would catch shrimp in com­
mercial quantities during daylight. These field 
tests are being made. 

Photo-Optical Underwater Instrumentation 
Studies 

The development and adaptation of improved 
equipment for underwater photography con­
tinued this fiscal year. Space limitations and 
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normal motion of research vessels at sea 
c re ated continuing problem s with delic ate 
instruments. In an attempt to Ie s sen this con ­
dition, we installed a camera control center 
aboard the R. V. George M. Bowers (fig. 15) . 
This unit secures the television monitor and 
camera controls for the closed circuit tele ­
vision system and remote controls for under ­
water lights and film cameras in a small area . 
Also included in the center are controls and 
monitoring meters that are used for compen ­
sating voltage drops in the underwater cable s. 

The lighting system for the remote ­
controlled camera was improved by a 1,000 -
watt quartz - halogen lamp that is highly efficient 
and double s the amount of light. 

In the past, problems were encountered in 
determining water clarity when using remotely 
controlled underwater cameras. The usual 
practice was to stop the vessel while SCUBA 



Figure 15.--The camera control center installed on the R. V. George M. Bowers 
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Figure l6.--A towable transmissometer used to provide 
continuous water turbidity readings. 

Figure l7.--A l6-millimeter reflex camera and its under­
water housing used by SCUBA divers to photograph trials 
of gear. 

divers took readings with a light meter. Thi s 
method was slow and confined to the relatively 
shallow depths in which divers could work. To 
overcome these difficulties we purchased a 
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commercially available transmissometer, 
which provided us with continuous turbidity 
readings (fig. 16). By using these readings, 
we could locate water that transmits enough 
light for the camera and film. 

Photographers with SCUBA gear have taken 
underwater motion pictures with spring-wound 
cameras containing a maximum of 100 feet of 
film. Because of limitations of this equipment, 
500 feet of underwater film was anormalday's 
exposure, and important sequences were often 
missed because the camera's motor drive ran 
down. 

To inc rease efficiency of field operations, we 
purchased a professional electric-drive, 16-
millimeter reflex camera, complete with 
underwater housing (fig. 17). Continuous se­
quences lasting up to 12 minutes at 24 frames 
per second are now possible. The batterypack 
for the camera was developed and built at the 
Gear Research Station. 

SPE CIMEN DISTRIBUTION 

The influx of biological materials slowed 
following the transfer of the R. V. Oregon to 
the U.S. east coast in 1964; as a result, we 
we re able to reduce the large backlog of 
accumulated specimens. Several thousand 
crustacean specimens, chiefly crabs, were of 
principal conce rn. Much of the material has 
been shipped to the U.S. National Museum and 
othe r collaborating institutions. We distributed 
10,426 specimens in some 80 shipments. 
Special collections of fishes were sent to the 
Brazil Oceanographic Institute, Central Con­
necticut State College, and University of 
Southern Mississippi. A collection of 100 hake 
hearts went to the Commonwealth Bureau of 
Helminthology at St. Albans, England, and 360 
annelid worms were sent a graduate student 
at Florida State University. 

AUTOMATIC DATA PROCESSING 

All data collected during field exploration 
is retrievable through the use of ADP (Auto­
matic Data Processing) equipment. Several 
hundred specimen identifications from eight 
Oregon, seven George M. Bowers, and two 
Hernan Cortez cruises required some 15,000 
new ADP cards that were added to the data 
file. Surface school and trolling records that 
have accumulated since R. V. Oregon cruise 
1 in 1950 have also been entered on ADP cards 
and are now available for studies of tuna and 
other surface schooling fishes. Gear research 
data now are being entered on ADP cards and, 
as these data require statistical treatment , we 
have established liaison with an off-base com­
puter service. The computer service provides 
us with printed data sheets at the rate of one 
every three working days. 



SHRIMP ATLAS PREPARATION 

A Gulf of Mexico shrimp atlas is nearly 
complete. This atlas is a statistical and graphi­
c al portrayal of the white, brown, and pink 
shrimp fishery in the Gulf of Mexico from 
1959 through 1963. It includes annual, seasonal, 
and monthly catch analyses for each species, 
as well as a portrayal of exploratory shrimp 
trawling survey results that have been gathered 
over the past 15 years. 
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