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Foreword

This report of the Tropical Atlantic Biological Laboratory for Fiscal Years 1970
and 1071 (July 1, 1969 through June 30, 1971) is an attempt to summarize the re-
search and related activities of the biologists, oceanographers, and supporting
staff members who work at the National Marine Fisheries Service (NMFS) labora-
tory in Miami, Florida'. In early 1970, a reorganization of the Bureau of Commer-
cial Fisheries (then an agency of the Department of the Interior) took place, which
had a decided effect on field offices and laboratories. In October 1970, an even
more fundamental restructuring of programs followed the establishment of the
National Oceanic and Atmospheric Administration, under the Department of
Commerce. The National Marine Fisheries Service was formed in an amalgama-
tion of the fon-ner BCF and the marine fish programs formerly administered by
the Bureau of Sport Fisheries, and the new Service placed under the direction of
NOAA. The 2-year period covered by this report has been a satisfying one. Tuna-
oriented programs instituted several years ago have borne fruit. Significant ad-
vances have been made in other existing programs and new ones have been estab-
lished. High productivity, as measured by the publication of scientific papers,
has been maintained in the face of reorienting laboratory programs to new chal-
lenges.

A fishery research laboratory has a number of responsibilities - a primary re-
ponsibility for developing an understanding of fishery resources; a responsibility
to the scientific community for the highest possible level of

'
productivity and com-

petence; a responsibility to the public for efficient use of funds for research; and
a responsibility to its staff members for provision of the most stimulating work
environment and the opportunity for career development. The extent to which
these varied responsibilities are met determines the relative worth of the unit
and the significance of its contribution to the national science program. We offer
the following summary with the belief that our accomplishments in 1969-1971
were better than average, and with a commitment to continue effective research
in the future.

CARL J. SINDERMANN
Director, Tropical Atlantic
Biological Laboratory2

I In July 1971 the name of the Tropical Atlantic Biological Laboratory was changed to Southeast Fisheries Center, Miami
Laboratory.
2 Now Director, National Marine Fisheries Service North Atlantic Coastal Fisheries Center, Highlands, NJ 07732.
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REPORT OF THE NATIONAL MARINE FISHERIES SERVICE
SOUTHEAST FISHERIES CENTER, MIAMI LABORATORY,

FISCAL YEARS 1970 AND 19713

by

ANN WEEKS4

and

ALBERT C. JONES

Abstract

The research program of the National Marine Fisheries Service, Southeast Fisheries Center,
Miami Laboratory (U.S. Department of Commerce, National Oceanic and Atmospheric Admin-
istration), Miami, FL, is described. Progress in investigations of the tropical Atlantic Ocean
during Fiscal Years 1970 and 1971 is reviewed.

Introduction

The period was a crucial one for the Tropical
Atlantic Biological Laboratory (TABL) (Fig. 1), as
it was for many other NMFS laboratories. It was a
time of intense re-examination of goals to be reached,
a candid assessment of achievements and poten-
tials, and - finally - a general reorientation of the
research effort toward a greater contribution to the
development and expansion of commercial and
recreational fisheries in the southeastern region of
the United States. By and large, TABL's course
shifted gradually from fishery projects in distant
waters to "closer to home" investigations.

TABL continued in the vanguard of those or a -
izations engaged in a synchronized effort to develop
tuna fisheries in the tropical Atlantic, yet establish
and maintain conservation measures designed to
preserve a healthy and profitable balance of the
tuna stocks. Perhaps the most dramatic and far-
reaching result of this concerted effort was the
establishment, early in 1969, of the International
Commission for the Conservation of Atlantic Tunas

3Contribution No. 201, National Marine Fisheries Service Southeast FisheriesC
enter, Miami Laboratory, Miami FL 33149.
4Present address: Office of Information, National Marine Fisheries Service,

Washington, DC 20235.

(ICCAT). The organization was activated in Decem-
ber 1969, when its first meeting was held in Rome.
Present were delegates from Brazil, Canada, France,
Ghana, Japan, Morocco, Portugal, South Africa,
Spain, and the United States. TABL's Director
served as scientific adviser to the U.S. delegation
and as a member of the Working Committee on
Programs. Essential to the meeting was a series of
documents prepared by TABL personnel, which
presented facts and figures on the Atlantic tuna
fisheries, painstakingly gathered and analyzed over
the past 5 years.

Biological research at TABL continued to em-
phasize investigations of the eggs, larvae, and juve-
niles of tunas and tunalike fishes, but - in keeping
with the restructured NMFS policy - increased its
efforts to monitor and assess the populations of other
species important to U.S. fishermen. Altogether
some 50 species were reared from egg to juvenile
stages, many for the first time. Twenty of these were
commercially important fishes sought by fishermen
and available in waters off the southeastern United
States. The experimental rearing techniques used
appear to be adaptable to many other species of
marine fish.

Oceanographic research included participation
in several interagency projects. One of these was the
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Figure 1. - The Southeast Fisheries Center, Miami Laboratory (formerly the Tropical Atlantic Biological Laboratory) is
built on the shore of the Atlantic Ocean, at Virginia Key, Miami, Florida. The pier seen at top right is close to the Bear
Cut Bridge; Bear Cut connects Biscayne Bay with the Atlantic Ocean.

Barbados Oceanographic and Meteorological Ex-
periment (BOMEX), a multiship investigation of
air-sea interaction over 90,000 square miles of the
tropical Atlantic, which used the services of seven
members of the staff for 2 months aboard the RV
Undaunted. Another project called EGMEX was a
collaborative investigation of the "loop" current in
the eastern Gulf of Mexico (hence the acronym),
carried out in conjunction with the U.S. Coast
Guard and the Florida State University System
Institute of Oceanography. A third project entailed
the plotting and contouring of oceanographic data
for the joint Investigation of the Southeastern
Tropical Atlantic (JISETA) Atlas. TABL oceano-
graphers also were involved with several other
Federal agencies in plans for monitoring oceanic
features through use of orbiting satellites and air-
craft.

Though established only a few months before the

period covered in this report, the Calico Scallop
Biology program made excellent progress. A num-
ber of cruises were completed to the calico scallop
grounds off Cape Kennedy, Florida, and a broad
and varied investigation of the life cycle and en-
vironmental needs of the species is well underway.
Buoys to mark study sites were emplaced; TABL
divers installed oceanographic sensing devices
underwater, and positioned enclosures and cages
on the ocean floor (to confine marked scallops for
growth studies); spat traps and monitoring devices
set in the water column provided scientists with
abundant quantities of newly set scallops; and
numerous scallops were laboratory-reared from
eggs through juvenile stages. TABL will continue
to work with other NMFS laboratories to provide
scallop fishermen with the most up-to-date infor-
mation possible on all facets of the developing fish-
ery. Prospects appear favorable for growth and ex-
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pansion of the fishery.
The production of scientific literature by the

TABL staff was outstanding during the biennium
-83papers were published, and another 30 were in

press at the close of FY 1971.

Research Programs

Despite the reorientation of research effort, the
essential structure of most of the TABL programs
continued along the lines drawn in 1968 (Weeks,
19705), with strong emphasis on tunas of the trop-
ical Atlantic Ocean. Evolution in the scope and
direction of the separate programs was not abrupt,
but came about gradually. A major change took
place in February 1970, however, when the RV
Undaunted was retired from NMFS service and
transferred to the National Science Foundation.
The deactivation of the ship and the consequent
diversion of funds enabled the laboratory to expand
several ongoing investigations and initiate new
ones. A second change - in June 1970 - resulted
in the termination of the taxonomy program.

The following research programs were in effect
during the biennium. Their objectives were:

1. Tuna Fishery Biology: Investigations were
centered on estimation of recruitment, growth, and
mortality in order to predict the harvestable yield
of Atlantic tunas, reaction of tunas to the environ-
ment, identification of stocks and their distribution,
and food and feeding habits. Subprojects concen-
trated on albacore and bigeye, blackfin, bluefin,
yellowfin, and skipjack tunas.

2. Developmental Biology of Tunas: The pro-
gram consolidated several distinct entities, all
designed around an accelerated effort to under-
stand the biology of the young of Atlantic tunas
and other pelagic fishes. One phase of the program
concentrated on studies of the distribution and
abundance of tuna larvae found in the tropical Atlan-
tic since investigations began in 1963; another phase
was devoted to hatching tuna eggs and rearing the
larvae; and a third phase involved determination of
the reproduction and fecundity of tunas. The exper-
tise and techniques developed by the biologists
working in these specialized areas allowed quick
acceptance of duties concerned with the new nation-
al program in assessing the marine resources avail-
able to the United States. This new program has

See "List of Publications" for detailed information on scientific papers by
TABL per sonnel.

been termed Marine Resources Monitoring, Assess-
ment, and Prediction (MARMAP).

3. Fishery Oceanography. Fishery oceanography
studies sought to define the effects of the environ-
ment on the abundance and availability of fish
stocks and to develop predictive models that would
enable the most effective use to be made of living
resources. Like the above program, research in
Fishery Oceanography was previously concentrated
on understanding the environmental requirements
of tunas, but was expanded to include environmen-
tal studies of other fishes in response to a need dic-
tated by the development of the above mentioned
national program for studying all fishery resources
of interest to the United States.

4. Calico Scallops. A basic understanding of the
stocks of the calico scallop estimated to occupy
1,200 square miles off eastern Florida was the goal
of research studies in this program. Studies involved
determinations of time of spawning, larval develop-
ment, time and space variations in spat setting,
identification of the stocks and estimation of the
annual growth, recruitment, and mortality rates.
Such information may make possible year-to-year
predictions of distribution and abundance of scal-
lops in the future.

5. Taxonomy of Clupeoid Fishes. This program
studied the systematics of clupeoid fishes (herrings,
sardines, and anchovies) and maintained the TABL
reference collection of marine fishes. The program
was terminated in early 1970.

Progress in Research

Participation by the U.S. fleet in tuna fishing in
the eastern tropical Atlantic has expanded dramati-
cally, and increases in catches have been substan-
tial during the past 4 years (Fig. 2). When U.S.
purse seiners entered the fishery in 1967, three ves-
sels caught 1,600 tons of tuna (about 75% yellowfin
tuna); in 1969, totals had climbed to 21 ships and a
catch of just under 25,000 tons (valued at over $10
million). In 1970, 22 seiners caught about 22,000
tons of tuna which included more than 50% Skipjack
tuna; in the 1969 landings 85% of the catch con-
sisted of the more valuable yellowfin tuna.

Tuna fisheries elsewhere in the Atlantic also have
increased since 1968 (Fig. 3). A record 250 long-
liners (from Nationalist China, South Korea, and
Japan) fished for deep-swimming tunas (mostly
albacore and yellowfin tuna) in the Atlantic in 1969.
This effort represented a 100-vessel addition to the
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Figure 2. - The catch of Atlantic tunas by U.S. purse
seiners in 1967, 1968, 1969, and 1970.
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Figure 3. - Landings of Atlantic tunas by species, 1964
through 1968.

peak year (1965) of the Japanese longline fleet. In
1970 between 250 and 300 boats operated. The in-
crease in longlining was mostly by Koreans and
Nationalist Chinese; the Japanese fished at the
relatively low level of about 30 million hooks an-
nually. Also, fishing at the surface for bluefin and

skipjack tunas off New England and the mid-At-
lantic States was unexpectedly profitable (about
5,000 tons) during 1970.

TUNA FISHERY BIOLOGY

As a consequence of the growth of the Atlantic
tuna fishery, a matching growth occurred in the
scientific investigation of the resource by various
international bodies and, in turn, by TABL in 1970
and 1971. A considerable amount of the work done
by TABL's Tuna Fishery Biology program formed
part of the groundwork for the emerging ICCAT,
which is expected to have a profound effect on tuna
fisheries in the Atlantic. As a prelude to the foryna-
tion of the Commission, the first working party
meeting of tuna experts - under the auspices of the
Food and Agriculture Organization of the United
Nations (FAO) - was held at TABL in 1968. Soon
afterward, FAO issued a report on the meetings in
its Fisheries Report No. 61, which assessed the
status of Atlantic and Indian Ocean tuna stocks. The
director of TABL served as scientific adviser to the
U.S. delegation at the first meeting of ICCAT at
Rome in December 1969, with delegates from 10
nations in attendance. The chief of the Tuna Fish-
ery Biology program devoted part of his time to
coordinating arrangements for the November 1970
ICCAT Stock Assessment Sub-Committee meeting
held at Madrid. Discussed at the meeting were
TABL's analyses of catch records for various kinds
of Atlantic tuna (Fig. 4). These analyses show - on
the basis of measurements of the lengths of 55,000
yellowfin tuna - that bait-boat fisheries in the trop-
ical Atlantic take mostly 1-year-old yellowfin tuna,
purse-seine fisheries take mostly fish over 2 years
old, and longliners catch fish over 3 years old. Pre-
liminary estimates of maximum yield per recruit
measured against probable natural and fishing
mortality rates lend weight to the belief that 2 years
is the most logical age at which yellowfin tuna
should be caught. Yellowfin tuna in this 2-year age
group average 100 cm (39 in.) in length and 22 kg
(48 lb.) in weight.

The Assistant Laboratory Director of TABL was
appointed Convenor of the ICCAT Sub-Committee
on Stock Identification in November 1970. A tagging
program for yellowfin tuna was agreed on by the
Sub-Committee at the early-1971 meeting and ar-
rangements were made for U.S. scientists to tag
tunas from French and Portuguese (Angola) boats
in 1971 and 1972. TABL biologists also tagged blue-
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fin tuna in the northwest Atlantic during the sum-
mer of 1971 in cooperation with Woods Hole and
Canadian scientists, to test the relative effective-
ness of two types of tuna tags.

Two TABL scientists - the assistant director and
a biologist from the Tuna Fishery Biology pro-
gram - served as scientific party chiefs on 3-week
research cruises for the Caribbean Research Devel-
opment Program (Exploratory Fishing) of FAO.
The cruises, both on the research vessel Calamar,
took place in February and March 1970 and were
part of an extensive investigation of tuna and bait-
fish resources present in waters around the Lesser
Antilles Islands. Tuna schools were fished by pole-
and-line on the cruises. Abundant schools of tuna
(primarily skipjack) were sighted in the same areas
where, in 1968 and 1969, the TABL vessels Geron-
imo and Undaunted had encountered numerous
schools of yellowfin and skipjack tunas (Fig. 5).

Albacore in the Atlantic were investigated in-
tensively. A summary report prepared on the popu-
lation dynamics of this species indicates that the
two stocks of albacore in the Atlantic (North and
South) have not declined to any great extent and
in some cases could probably provide increased
yields. The North Atlantic stock contributes young
albacore (1-5 years) to the Bay of Biscay surface
fishery and older fish (4-11 years) to the central and
western North Atlantic longline fishery. The ages of
the fish were estimated using length frequencies.
Based on the most likely total mortality rate of 62%,
per year, approximately 9 million 3-year-old alba-
core, the age at which they are fully recruited, are
believed to be available to the Bay of Biscay surface
fishery each year. Less is known about albacore in
the South Atlantic where no surface fishery exists
for small fish, as in the Bay of Biscay. An untapped
resource of small albacore may exist in the South
Atlantic but it is also possible that recruitment to
the adult stock in the South Atlantic is from the
Indian Ocean.

As a result of the transfer of the population
dynamics work to La Jolla, program personnel
spent considerable time redesigning and reorienting
goals toward biological studies on tunas and bill-
fishes. The following studies are now underway.

A sampling program was begun in 1969 with the
cooperation of the Inter-American Tropical Tuna
Commission (IATTC), wherein a biologist assigned
to the Tuna Fishery Biology program regularly
visits tuna canneries in Puerto Rico. The main ob-
jective of the study is to collect albacore gonads to
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Figure 4. - Length-frequencies of Atlantic yellowfin tuna
caught by longliners, seiners, and baitboats.

determine spawning areas and seasons and to con-
firm the belief that albacore found in the North
Atlantic belong to a different stock from those of the
South Atlantic. Also under analysis are length-
frequency data for the albacore, which in time
should permit predictions of sizes and locations of
albacore stocks, and allow for estimates of maxi-
mum potential yields.

Distributional maps showing the seasonal dis-
tribution of tunas and billfishes in the Atlantic are
nearing completion. Computer contouring tech-
niques are used to display relative seasonal con-
centrations of fish on the basis of longline catch
records. Maps have been completed for all the bill-
fish and most of the tunas.

Also initiated during 1970 was a long-term study
of bluefin tuna, in collaboration with investigators
at the Woods Hole Oceanographic Institution
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Figure S. - Fishermen on the RV Undaunted bring aboard a large yellowfin tuna on a two-
line rig. Photo was made on a research cruise in the Caribbean Sea.

(Mass.) and the NMFS Biological Laboratory at
Oxford (Md.). The work concentrates on morpho-
metrics, size frequencies, long and short migrations,
population dynamics, and distribution of the species.
Data collected over 20 years are under analysis;
in preparation is a scientific paper covering all ex-
tant information concerning migrations of the blue-
fin tuna.

Also in cooperation with a scientist from Woods
Hole, a study was completed on the migrations of
white marlin and blue marlin in the Atlantic on
the basis of tag returns and longline catch records.
Apparently at least two and possibly three separate
stocks of white marlin inhabit the North Atlantic.
One stock migrates from off the northeast coast of

the United States in fall, to the north coast of Vene-
zuela in winter. In spring this stock begins its return
migration through the Antilles and Bahamas and
around Cuba. Another group apparently also win-
ters off Venezuela, but in spring moves through the
Yucatan Channel into the Gulf of Mexico to spend
the summer. A separate population of white marlin
exists in the South Atlantic, but apparently the
stocks do not mix across the equator since no tag
recoveries have been made in the South Atlantic,
and longline catch records show low catch rates
in equatorial regions throughout the year. There
appear to be two populations of blue marlin also -
one in the North Atlantic and one in the South At-
lantic.
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DEVELOPMENTAL BIOLOGY OF TUNAS

The proliferation of fisheries for tunas in the trop-
ical Atlantic caused an upsurge in research to reach
an understanding of the biological nature of the ex-
ploited tuna populations. Still not fully understood
are exactly what environmental conditions sustain
tuna populations and provide for continuously strong
year classes. TABL scientists share the widely held
opinion that year-class strength is determined in the
earliest stages of the life of the fish. Much of the re-
search, therefore, was directed toward striving to
discover place, time, and quantity of spawning;
identifying eggs, larvae, and juveniles among
species; explaining the environmental tolerances
of young fish; and reaching an understanding of the
behavior and physiology of fishes in early stages.
Basic biological knowledge of the adults was also
sought, including factors related to age and growth,
food and feeding habits, and fecundity.

Several years of work culminated in the comple-
tion of analyses of data gathered during some 5
years of research cruises, beginning with the EQUA-
LANT cruises in the tropical Atlantic in 1963. De-
scriptions have now been compiled of the relative
apparent abundances and distributions of tuna
larvae in much of the tropical Atlantic, on the basis
of data collected on more than 20 cruises by the
vessels Geronimo and Undaunted in the north-
western Gulf of Guinea, off Sierra Leone, and in the
Caribbean.

Larvae of the tropical tunas - yellowfin, bigeye,
and skipjack - were widely distributed in the
EQUALANT survey area, indicating that these
species spawn over much of the Atlantic equatorial
region. Young bluefin tuna and albacore - more
temperate species - occurred rarely. The three
tropical species were restricted to waters where
surface temperatures were higher than 24'C. The
tropical species also showed differences in their
daily migrations in response to light. Skipjack tuna
larvae migrated to the surface primarily at night,
whereas larvae of yellowfin and bigeye tunas mi-
grated to the surface primarily during the day.
Frigate mackerel larvae (Auxis sp.) were consider-
ably more abundant than tunas in the plankton
samples. (Adult frigate mackerel are too small to
be sought by fishermen, but are an important forage
species for the larger tunas.) Little tunny larvae
(Euthynnus alletteratus) were generally near shore,
suggesting that this species probably does not
spawn in the offshore areas.

Considerable attention was devoted to investi-
gation of juvenile fishes (Fig. 6). Studies were com-
pleted on the seasonal distribution of juvenile
scombrids in the waters near the Dry Tortugas,
Florida. Because these fast-swimming fishes are
generally difficult to collect, information on their
distribution is scant. Program scientists sought and
received assistance from National Park Service
biologists engaged in banding terns in the Dry
Tortugas, who often collected food items regurgi-
tated by the birds. Among the food items thus
collected were juvenile bluefin tuna, blackfin tuna,
skipjack tuna, little tuna, and frigate or bullet mack-
erel. The size of fish in the samples suggested that
bluefin tuna may spawn in the Dry Tortugas region
in April and May, and blackfin tuna perhaps in
March and April.

Studies of larval tunas longer than 3 mm have
made it possible to identify all but two of the Atlan-
tic species. Those that can now be identified in the
larval stages are: albacore, bluefin tuna, little tunny,
skipjack tuna, and yellowfin tuna. Those for which
identification is still in doubt are the bigeye tuna
(found in both the western and eastern Atlantic)
and the blackfin tuna (found in the western Atlantic
only), whose characteristics are seemingly so much
alike that the larvae cannot so far be separated to
species. The problem is under close study, as are
means of identi^ving larval tunas measuring less
than 3 mm.

Field tests were made of the "Bongo" plankton
sampler, the standard collecting gear proposed for
the national Marine Resources Monitoring, Assess-
ment, and Prediction (MARMAP) Program. Repli-
cate plankton samples were collected at towing
speeds of 3, 4, 4.5, and 5 knots. At the higher speeds,
the net extruded eggs and larvae and damaged
larvae, which made identification difficult. It was
recommended, therefore, that the "Bongo" net be
towed no faster than 3 knots.

The program leader took part in several NMFS
workshops in 1970 and 1971 to set up operation
schedules for the MARMAP surveys and also' con-
ducted a 2-week course in identification of larval
fish at TABL in May 1971. Scientists from seven
NMFS laboratories attended the course.

Hatching and rearing studies continued to play
an important part in the developmental biology
program, after the initial successes (in 1968) in
rearing tunas and clupeoids from eggs (Houde and
Richards, 1969; Houde and Palko, 1969; and Weeks,

7



Figure 6. - Juvenile specimens of marine fish under study at TABL. Shown top to
bottom are: a searobin (Prionotus), a tuna (Thunnus), and a hogfish (Lachnolaimus).

1970). In the past 2 years, 20 commercially impor-
tant species were reared from egg through juvenile
stages. Four of these were the scombrids Auxis (fri-
gate or bullet mackerel), Euthynnus alletteratus
(little tunny), Scomber japonicus (chub mackerel),
and Scomberomorus cavalla (king mackerel). Others
included anchovies, barracuda, flounders, herrings,
mullets, porgies, soles, and sardines (Fig. 7). About
30 additional varieties of non-commercial fishes
were cultivated successfully, from egg to juvenile.

The early life histories of most of the laboratory-
reared fishes heretofore were virtually unknown.
Studies were begun of the temperature tolerances
of some of these species (Fig. 8).

The rearing techniques developed at TABL un-
doubtedly will be of value to students of other
marine fish and to aquaculturists. Interestingly,
the best success in rearing marine fish larvae was
obtained in tanks containing a bloom of the alga
Chlorella, which was not eaten by the larvae but
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Figure 7. - Larval and juvenile stages of the lined sole (Achirus lineatus) reared at TABL from I day after hatching
(*1 in photo) to 27 days after hatching (*6 in photo). Metamorphosis began in laboratory-reared larvae at 10 days
after hatching (*3, 4, and 5 in photo); growth averaged 0.26 mm standard length per day, and lengths ranged from
about 1.5 mm standard length at hatching to about 5 mrn when specimens were 27 days old.

possibly acted to reduce the concentration of meta-
bolites in the rearing tanks. The fish larvae fed on a
variety of organisms including copepod nauplii,
copepodites, and copepods. Larvae of the scaled
sardine, Harengula pensacolae, and the bay an-
chovy, Anchoa mitchilli, grew fastest when the
concentration of potential food organisms averaged
1,500 per liter.

Program researchers regularly collected zoo-
plankton from the nearby Straits of Florida and
devoted particular attention to studying the sea-
sonal distribution of scombrids. For 2 successive
years, larvae of bluefin tuna were observed in
collections acquired by tows in May and June.
Interesting, but no more than that, were the facts
that a scarcity of bluefin tuna larvae (nine speci-

mens) in tows of spring 1969 coincided with a poor
sportfish catch of bluefin tuna in the western Ba-
hamas, and that an abundance of the larvae in 1970
(68 specimens) coincided with a good catch by
sportsfisbermen in the Bahamas spring tournaments.

FISHERY OCEANOGRAPHY

Detailed studies of the physical, chemical, and
biological oceanic environment are carried out
under this program to correlate the distribution
of marine fishes with time and space variations of
the ocean environment, and to develop prediction
systems for improving the ability to detect and
locate concentrations of fish in commercial quantity.

A number of studies were completed during FY

9



Figure 8. - Twin technicians work at the temperature-gradient block, which reveals temperature tolerances of
eggs and larvae of fishes. Each vertical row of jars contains water of the same temperature - temperatures
in the three horizontal tows of jars generally range from 20o to WC. Eggs and larvae are kept in the jars
for various periods of time to determine optimum temperatures for survival, and temperature limits.

1970 and 1971: (1) a study of surface winds off the
west coast of Africa designed to aid tuna fishermen
in predicting areas and seasons suitable for purse-
seine fishing; (2) a description of the seasonal
changes in the surface oceanography of the tropical
Atlantic Ocean (Fig. 9) and the effect of these
changes on the lower food chain organisms; (3) a
description of the ocean currents near the Lesser
Antilles and the resulting downstream turbulence
and enrichment; (4) a study of the transit time of a
shallow layer of high salinity water from its origin
(off Brazil) to the Island of Sdo Tom6 in the Gulf
of Guinea; (5) oceanic features adjacent to the north-
east "bulge" of Brazil; (6) a study of the distribution
of wind-driven and current-induced upwelling in
the Gulf of Guinea; and (7) methodological studies
on interpolating oceanographic data, bibliography
of zooplankton sampling devices, an in situ mole-
cular oxygen profiler, enzyme clearing and staining
of fishes, and measuring oceanic features from
satellites.

Program personnel participated in investigations
of the "loop current" in the eastern Gulf of Mexico.
These cooperative studies, coordinated by the Flo-
rida State University System Institute of Ocean-
ography, included routine oceanographic observa-
tions by vessels, U.S. Coast Guard overflights to
measure sea-surface temperature with airborne
radiation thermometers (ART), and drift-bottle
releases for study of water currents.

The RV Undaunted completed a cruise in August
1969 to the southeastern Caribbean in support of
the BOMEX operations in the region of Barbados.
The Undaunted cruise was designed primarily to
provide additional information on the relation be-
tween the distribution of surface-schooling tuna
and their environment. Previous cruises in the area
in the spring of the year had suggested a possible
relation between schools of tuna and dynamic
structures (eddies). During the summer cruise,
however, eddies west of St. Vincent Island (West
Indies) were poorly developed and only a few tuna

10



5(f

SURFACE WATER CATEGORIES
EQUALANT I

AW-Arrazonion Water
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Figure 9. - Surface water categories measured during
EQUALANT I (Feb. - March 1963) and EQUALANT 11
(July - Sept. 1963). Temperatures and salinities were
measured at 10 m. The water categories are based on the
criteria: AW, T > 24o C9 S < 350/00; CW, T < 24' C,
S > 350/oo; GW, T > 24' C, S < 350/00; TW, T > 24' C,
S > 35'/oo; SAW, T < 2V C, S > 350/00; ISCW, T <
24o C, S < 350/00; BW, T < 24- C, S > 350/oo.

schools were sighted. It appears that tunas do not
frequent this area during the summer season when
eddies are poorly developed and forage is appar-
ently not plentiful. Data collected included wind
speed and direction, air temperature, dewpoint
temperature, sea-surface temperature, infra-red
sea-surface temperature, solar radiation in two
radiation bands, phosphate-phosphorus, dissolved
oxygen, zooplankton, chlorophyll and carbon-14
uptake.

An atlas is nearly completed based on data col-
lected during the JISETA survey by the RV Un-
daunted, the Rockaway (USCG), and the RV Goa
(Missdo de Estudos Bioceanol6gicos e de Pescas de
Angola). Data to be portrayed in the atlas will in-
clude temperature, salinity, oxygen, phosphate,
zooplankton biomass, chlorophyll, carbon 14, tuna
school distributions, and bird sightings.

Description of the distribution of water favorable
for tuna fishing in the tropical Atlantic was begun
by compiling data on monthly mean temperature
(1966 to 1970) for the 0-, 100-, 200-, 300-, and 400-m
surfaces. Special emphasis is being given to the
Gulf of Mexico and the Gulf of Guinea, where the
surface temperature data are being compiled at
15-day intervals.

Considerable time was devoted to studies in-
volving the feasibility of monitoring the oceanic
environment and acquiring broadscale data through
satellites, high-flying aircraft, and buoys equipped
with sophisticated instrumentation (Fig. 10). Some
of these studies concentrated on detecting features
of oceanic "fronts" from aboard the RV Undaunted,
which was equipped to receive visible wavelength
data from NASA and NOAA satellites. In other
studies infrared data from satellites were received
and used to detect thermal boundaries and water
masses of different temperatures (Fig. 11). Dr. Mir-
iam Sidran, an NSF-sponsored physicist appointed
to a summer program at TABL, synthesized related
data from a variety of agencies and other sources.
Her report entitled "Satellite Remote Sensing of
Oceanographic Indicators of Fish Populations"
will be used to determine how satellite data pre-
sently available may be used to assess the abun-
dance and distribution of fish populations.

Program scientists are active in a ship-of-oppor-
tunity program in cooperation with the U.S. Mari-
time Administration. This program, termed
MARAD, involves the use of U.S. merchant ships
as sampling platforms and Maritime Academy
cadets from Kings Point, N.Y., as obser-
vers. The purpose of the program is to monitor
major oceanic circulation patterns and current
boundaries of the Caribbean Sea, Gulf of Mexico,
and adjacent Atlantic areas where continuous
sampling by oceanographic research vessels is not
possible. Sampling presently consists of tempera-
ture versus depth observations along four selected
routes (New York-eastern Caribbean, New York-
Brazil, New Orleans-Brazil, New Orleans -Panama).
A one-week training course in expendable bathy-
thermograph (XBT) operation was given to 69
cadets at the Academy in January 1971. Shipping
companies providing support to the program are
Grace Lines and Moore-McCormack Lines (N.Y.,
N.Y.), Delta Lines, and Gulf and South American
Steamship Company (New Orleans, La.). The Fish-
ery Oceanography program worked closely with
the Calico Scallop program, literally from the ocean
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Figure 10. - A member of the Fishery Oceanography program monitors
photos (received as television or infra-red images) on an APT (automatic
picture transmission) receiver. Pictures are received from three or four dif-
ferent satellites as they pass within range, at the rate of one photograph
every 2 minutes. The operation of the APT is identical to that of the now-
familiar commercial television coverage of weather from satellites.

bottom to above the earth, in attempts to assess the
oceanic environment of calico scallops off Cape
Kennedy, Florida. This joint interdisciplinary
study by oceanographers and biologists has proved
fruitful in ascertaining the interaction between
scallops and their environment. Program observers
participated in ART flights by the U.S. Coast Guard
and took consecutive infrared and color photo-
graphs to determine whether oceanographic
features, such as upwelled water, internal waves,
the edge of the Gulf Stream, and chlorophyll and
suspended material in the water, could be detected
from the air. Results were affirmative.

Chemical analyses and general procedures also
are part of the responsibility of this program. Ex-
periments concluded during the 2-year period
involved the nitrate specific electrode in seawater.

In early tests removal of chloride ion interference
by chemical pretreatment was not successful. Ef-
forts are now directed toward removal by fractional
crystallization and filtration, and preliminary tech-
niques have been found favorable. Use of the oxy-
gen-phospbate ratio as a quality control tool has
been expanded with the establishment of a comput-
er program to plot station profiles of that factor.
Data from an entire cruise may be examined quick-
ly, and suspect data usually can be detected almost

immediately. The oxygen-pbosphate ratio also has
been studied as a potential indicator in water type
studies. A report was published on results obtained
through use of an in situ molecular oxygen pro-
filer; another has been completed which describes
the construction and operation of an ultraviolet
sterilizer for large-volume aquariums.

Analysis of zooplankton collections made on
many cruises in the tropical Atlantic Ocean con-
tinues. Some of the species that have been sorted,
identified, and counted for estimates of percentage
composition are: amphipods, chaetognaths, cope-
pods, euphausiids, and shrimp. Data concerning
carbon-14 uptake, phytoplankton pigments, and
phytoplankton species for all cruises by TABL
vessels have been prepared for automatic data
processing. An annotated bibliography of zoo-
plankton sampling devices was published.

CALICO SCALLOP BIOLOGY
The calico scallop, Argopecten gibbus, is fished

commercially in the Atlantic Ocean off North
Carolina and Florida, and in the northeastern
Gulf of Mexico. Development of the fishery has
been slow and erratic, due to fluctuations in stock
availability that affect commercial vield, and the
lack of fully satisfactory meat-extracting equipment.
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The research program at TABL provides informa-
tion on the life history and ecology of the calico
scallop necessary to recognize the factors that
control abundance and distribution of harvestable
stocks (Fig. 12). The program is coordinated with
the NMFS Exploratory Fishing and Gear Research
Base, Pascagoula, Miss., which studies the com-
mercial abundance and availability of the scallops.

The Calico Scallop Biology program became
fully functional at the beginning of FY 1970, al-
though its inception was in FY 1969. Work began
with a survey of the scientific literature concerning
the biology and ecology of scallops, particularly
calico scallops. Preliminary cruises were made in
the fall and winter of 1969 to the calico scallop
grounds off Cape Kennedy and Key West to observe
the general environment inhabited by calico
scallops. It became apparent that observations on
scallops and their environment on a regular sea-
sonal basis, at fixed sites, would be the most pro-
ductive research method. For this reason, pen-na-
nent study sites, in depths ranging from, 6 to 12

fathoms, were established at five locations off Cape
Kennedy (Fig. 13). Scallop beds exist near Buoys
I and 2, but adult scallops are rare or absent at the
remaining three sites. TABL personnel, trained
as scuba divers, examined the bottom environ-
ments at Buoys 1 and 2. At Buoy 2, they installed a
current meter, scallop enclosures, and other devices
on the bottom, and made observations of marked
scallops and associated organisms (Fig. 14).

During the 2 years in which the research program
on calico scallops has been underway, a total of 17
cruises were made to the Cape Kennedy area: 9
cruises aboard the NMFS research vessels Un-
daunted and George M. Bowers and 8 cruises aboard
chartered vessels. Some of the results of studies
carried out on these cruises and in the laboratory
follow.

Studies conducted on the Cape Kennedy grounds
disclosed that calico scallops with ripe gonads
were most abundant in the spring, declined in the
late summer, and showed a moderate increase in
the late fall. Comparison of ovarian color with a

Figure 11. - Direct readout infra-red image of the Loop Current in the Gulf of Mexico. The image was
received from the ITOS satellite on March 18, 1971.
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Figure 12. An otter trawl filled with calico scallops is unloaded aboard the RV George M. Bowers on a recent
TABL cruise. The wire net at the left of the picture is the chafing gear used to protect the trawl from damage as it
is dragged along the ocean bottom.
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Figure 13. - This drawing shows the location of buoys
1 and 2 installed by the Calico Scallop program on scal-
lop grounds near Cape Kennedy, Florida. Other buoys
indicated by circles are permanent navigational guides.

known color standard, such as Pantone color speci-
fier, was a good indicator of egg maturation. Ripe
ovaries which contained 40 to 60 micron diameter
mature ovocytes were vivid orange-red in color,
and developing ovaries were light orange. Calico
scallops as small as 19 mm in shell height some-
times bad mature ovaries. Spent scallops retained
a number of undeveloped eggs and sperm, indi-
cating that individual animals may spawn more
than once.

Spawning among calico scallops was induced in
the laboratory by rapidly raising the water temper-
ature in the holding tanks and by simultaneously
introducing sperm solution. In one experiment the
larvae survived 5 days to the veliger stage. The
characteristics and development times of the larvae
were observed. Later, larvae were reared at the
Virginia Institute of Marine Science, where special-
ized facilities were available for rearing and photo-
graphy. In this second experiment photomicro-
graphs were made of the larvae and a complete
series of larval stages was preserved. About 14
days elapsed between fertilization of the egg and
settlement of the young scallops (spat), which were
then about 0.25 mm in shell height. A number of the
young scallops were returned from Virginia to
TABL; these survived for more than 8 months and
were used in a variety of experimental studies.

A method of monitoring the abundance and dis-
tribution of young scallops by spat collectors was

developed. Field tests showed that young calico
scallops would attach by byssal threads to a variety
of artificial cultch materials. An effective spat col-
lector now in use consists of a small nylon mesh bag
stuffed with a standard quantity of polyethylene
thread. The nylon mesh allows circulation of water
but retains scallops after early growth. The traps,
attached to anchored lines marked with surface
buoys, were exposed at the five study sites on the
Cape Kennedy grounds for varying periods of time
throughout the year (Fig. 15). Spat setting (and, by
deduction, spawning) occurred all year round, and
intensity appeared greatest in the spring. The high
intensity of spat setting in the spring correlates
well with the high incidence of ripe scallops at the
same time, and also with the large concentrations
of seed scallops present on the fishing grounds in
summer.

Figure 14. - An artist's concept of the calico scallop
spat-monitoring array, with spat traps interspaced along a
line in the water column and spat-collecting panels at the
bottom. Scuba divers from TABL set such devices in
place, monitor them at later dates, and collect samples
from the bottom and the water column.
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Figure 15. - Scuba divers from the TABL Calico Scallop
program retrieve plastic spat collectors from a spat-
monitoring array that has been used to "fish" for the tiny
organisms in study plots near Cape Kennedy, Florida.

Study of the age and growth of calico scallops in
their natural environment involves many complex-
ities. Preliminary studies were designed to answer
the following questions: (1) What is a suitable
mark that can be applied rapidly to small and large
scallops without killing them or harming their
growth? (2) How does the growth of caged scallops
compare with growth in the natural environment?
(3) In what densities can scallops be held in cages?
(4) What are the differences in mortality in cages of
different mesh size? (5) For how long should a trawl
net be fished to obtain an adequate sample from a
single scallop bed?

An ideal mark for scallops was found in the in-
dustrial cement All-Crete6 (Fig. 16), a compound
which adheres to wet shell, can be placed in the
water while wet, hardens rapidly, has no beat of
hydration, is non-toxic, and can be colored for
different marking codes.

The preliminary studies also showed that growth
of scallops at the two study sites (Buoys I and 2)
was comparable; growth of scallops in cages on the
bottom was similar to growth of scallops on nearby
natural beds; scallops could be held in minnow
cages (1/2 cubic foot of water) at densities exceed-
ing 1,000 newly set scallops (or fewer larger scal-
lops); mortality increased as the mesh size of the
cage was increased beyond 1/4 inch; and a 5-minute

6 Statement of product names is for identification purposes and does not
imply endorsement by the National Marine Fisheries Service.

Figure 16. - A calico scallop marked with "All Crete"
cement (white area in center of shell). Such marked scal-
lops are placed on the scallop grounds and used as test
animals to provide data on growth, movement, and mortal-
ity-

tow of a 10-foot try-net trawl, with a double tickler
chain, usually provided an adequate sample from a
single bed of scallops.

Studies of age and growth presently include: (1)
obtaining the age-size relationship and the maximum
age of calico scallops by following a known age
group through its life cycle; (2) comparing the
growth of scallops held in cages on the Cape
Kennedy grounds with the length -frequency distri-
bution of scallops from a nearby natural bed; (3)
comparing the growth of laboratory -spawned
scallops held in the warm-temperate region off
Cape Kennedy with growth of siblings held in the
tropical waters off Miami; (4) comparing the growth
of various internal body parts with shell growth;
and (5) determining if the number of external con-
centric rings of the shell can be correlated with age
and changes in the environment.

An experiment to gather information on calico
scallop behavior and movement was carried out
off Miami in 21 feet of water on a clear, sandy bot-
tom by members of the TABL diving unit. Scallops
for the experiment were collected off Cape Ken-
nedy. The divers laid out a precision grid, using
1-in. x 8-in. diameter numbered concrete discs
placed at 2-meter intervals to form a 40-ft. x 60-ft.
plot. A current meter monitored current speed and
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direction throughout the experiment. Bottom tem-
peratures and salinities were also taken. Scallops
placed in the center of the grid moved in a north-
to-northwest direction, the general direction of
current movement. Small scallops (20.2 to 40.2 mm
shell height) moved more readily and farther than
large scallops (50.0 to 70.5 mm shell height). On
the Cape Kennedy grounds, TABL scuba divers
observed that scallops about 40 mm in shell height
swam as high as 3 feet off the bottom.

Organisms associated with calico scallops con-
tribute to their mortality. Indications are that
barnacle fouling may prevent complete closure of
the valves and thus predators may be admitted.
Mortality of scallops confined in large-mesh cages
ranged from 40 to 100%, whereas in small-meshed
cages it was less than 10%. That difference suggests
that small mesh prevents entrance of certain preda-
tors. Divers observed that octopuses also may
be predators of scallops confined in cages. During
the course of the calico scallop movement experi-
ment off Miami, described above, divers observed
that a resident population of shamefaced crabs,
Calappa flammea, caused considerable mortality to
the scallops. This crab previously was unknown as
a calico scallop predator. There are at least three
species of shamefaced crabs on the scallop beds
off Cape Kennedy, including C. flammea. Further
study on this predator is now underway.

Distribution, abundance, and growth of calico
scallops probably are strongly influenced by water
temperature, current, bottom type, food availability,
and associated organisms. Research on the physical
environment of the Cape Kennedy scallop grounds
has been restricted to monitoring water tempera-
ture, transparency, salinity, and current. Recording
thermographs operate at Buoys'l and 2.

Observations show distinct differences between
the environments at each study site. For example,
at Hetzel Shoal Buoy the bottom temperatures
most of the year are typically lower than at the re-
maining study sites; at Port Canaveral Wreck
Buoy, the water is always more turbid than at the
the other sites.

A major environmental change took place on the
Cape Kennedy grounds during the period from
May 26 to June 26, 197 1. Cold water (15'C) intruded
onto the shelf to as shallow a depth as 20 fathoms.
Scallops, modally 32 mm, on the natural bed near
Buoy 2 showed no growth during the month. The
growth of small scallops held in cages at Buoy 2
was significantly less than that of siblings held at

inshore Buoy 1. Small scallops that had set in the
cages at Buoy 2 were significantly fewer than those
found in cages at Buoy 1. Mortality of large scal-
lops at the study sites was normal and not excessive.
Cold water intrusions, with rapid temperature drops
of 10'C, could cause drastic mortalities of very
small juveniles at the peak of the spawning season
and a vast fluctuation in the scallop population.

Affiliated Projects

During the period of this report TABL housed
an interesting assortment of tenants, most of whom
performed tasks under the direction of other agen-
cies. Some of these worked independently of TABL
personnel, merely sharing physical facilities; others
required or requested cooperation and advice
from either laboratory management or individuals.
A brief explanation of some of these diversified activi-
ties carried on under the TABL roof follows.

1. In mid-1969, as a result of a joint agreement
between the Department of Commerce and Inter-
ior's Bureau of Indian Affairs, space was made avail-
able at TABL to conduct a 2-year feasibility study
of the rearing of freshwater shrimp (Macrobrach-
ium) in Florida. The objective of the project is to
help the Seminole Indians of the Florida Ever-
glades to establish a new industry based on exten-
sive aquaculture and marketing of the species.
The chief of TABL's Calico Scallop program helped
draw up the original design for the experiment,
and functioned as scientific adviser to the program.
Office and aquarium-room space were occupied by
members of the freshwater shrimp program, and
laboratory tanks, scientific equipment, and other
facilities were used to rear and maintain these large
crustaceans.

2. The Interior Department's South Florida
Environmental Project has been headquartered in
a three-room suite at TABL since June 1970." The
project, which is under the direct supervision of
the Secretary of the Interior, is presently charged
with the thorny problem of recommending and
approving the site to be selected for a South Florida
jetport, within the limitations imposed by protec-
tion of the natural environment. The Interior pro-
ject also is responsible for the environmental mon-
itoring of the present jet-training site in Big Cyp-
ress Swamp (part of the Everglades). This diversi-
fied ecological survey proposes to delineate the
resources within the swamp itself that merit pre-
servation and protection, to study the interrelation-
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ship of the swamp to the ecosystems of Everglades
National Park, to define the correlation of the
swamp with water needs of South Florida com-
munities, and to analyze the marine resources of
the estuaries dependent upon the swamp. A senior
scientist on the TABL staff worked closely with
the Project staff to represent NMFS interests.

3. A team of scientists from the Federal Water
Quality Administration laboratory at Narragansett,
R.I., occupied office and laboratory space while
completing an intensive study of the survival of
plankton organisms that had passed through the
turbines of an electric generating plant.

4. Professors from several, colleges spent the
summer months of 1970 and 1971 working at TABL
on programs supported by the National Science
Foundation, under the Research Participation
Program. The program is prosecuted jointly by the
University of Miami and TABL, and is directed
by TABL's assistant director. Colleges and universi-
ties represented were: Carson Newman College
(Tenn.), Louisiana State College, Muskingum
College (Ohio), the New York Institute of Tech-
nology, Southern Connecticut State College, and
the University of Massachusetts. Investigations pur-
sued by the visiting scientists involved: variations
in the taxonomy of microalgae from the Straits of
Florida and Biscayne Bay; a large-scale revisionary
study of the sciaenids of the Caribbean and western
South American coast; remote sensing by satellites
of oceanographic indicators of fish populations;
determinations of temperature requirements and of
food levels necessary to maintain growth and guar-
antee survival of larval fish in aquariums; and im-
mune responses in shrimp and crabs. The visiting
investigators worked under the direction of TABL
scientists.
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