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Annual Report of the
Bureau of Commercial Fisheries
Biological Laboratory, Beaufort, N. C.

REPORT OF THE DIRECTOR
G. B. Talbot

Research highlights: Research on the blue
crab consisted of both field and laboratory
studies oriented toward understanding the life
cycle and environmental factors that affect
the survival at different life history stages.
One of the most important findings concerned
the distribution of larvae. From an examina-
tion of plankton catches, it was shown that
only the early-stage zoeae and megalops
occurred in the estuaries and that the most
productive waters for all larval stages were
20 to 40 miles offshore. Understanding larval
distribution patterns is basic to our search
for specific environmental factors which affect
survival in the early stages of development.

Research on the biology of blue crabs in
the St. Johns River was continued by biologists
stationed at Green Cove Springs, Fla.

Two of the outstanding accomplishments of
menhaden research were the artificial ferti-
lization of eggs and the successful rearing of
yolk sac larvae of the yellowfin menhaden,
Brevoortia smithi., These accomplishments
opened a new avenue of research on the
genetics and physiology of these fishes. With
completion of a 5-year study of the variation
in body structure of juveniles in successive
year broods, a major step forward also was
made in understanding the composition of the
Atlantic menhaden population. Results showed
that juveniles inhabiting estuarine nurseries
consisted of at least two groups or subpopu-
lations--one occurring north and the other
south of Long Island, N.Y.

A field station, located at Millville, Del.,
was established by the Menhaden Program in
1955 to investigate the relation betweenvaria-
tions in environmental factors and the entry,
distribution, and survival of young Atlantic
menhaden in the estuarine nurseries. With
the completion of programed studies, this
field station was closed in September 1961,
and personnel transferred to the laboratory
at Beaufort.

Statistics on the fisheries for shad in the
Connecticut, Hudson, York, Cape Fear, and
St. Johns Rivers were collected; and population
inventories on the runs were made available to
management officials in the various States. In
addition, methods were developed for success~
fully passing adult shad above dams, and infor-
mation was obtained on the biology of the fish

during their life in rivers; together, these will
provide practical management tools for the
protection and rehabilitation of runs.

Cooperative studies with North Carolina
State College and the Chesapeake Biological
Laboratory on the striped bass populations
in Albemarle Sound, Roanoke River, Potomac
River, and upper Chesapeake Bay provided
estimates of population size, measures of the
composition of the stocks (including growth
rate), information on movements of adults,
and predictions of age composition of the
catch for the following year.

Radiobiological research was directed prin-
cipally toward laboratory studies on the cycling
of radionuclides, the uptake and accumulation
of radionuclides, and the effects of radiation
on marine organisms, A joint radioecological
survey of the Savannah and Wilmington Rivers,
S.C., also was conducted with the U,S, Public
Healtk Service to develop methods of measur-
ing radioactive contamination and predicting
the effects of chronic low-level radioactivity
in an estuarine environment,

In cooperation with the Woods Hole Oceano-
graphic Institution and the U.,S. Coast Guard,
monthly releases of seabed drifters over the
Continental Shelf, from Cape Hatteras to Cape
Fear, N.C., were begun in January 1962, The
pattern of currents in this area of the coast
is of particular interest in connection with
studies of the spawning of Atlantic menhaden
and the distribution of blue crab larvae.

P. R. Nichols was appointed Acting Chief of
the Blue Crab Program and Chief of the Shad
and Striped Bass Programs, when C, H, Wal-
burg, in December 1961, transferred to the
Central Reservoir Investigation, Bureau of
Sport Fisheries and Wildlife, and J. E. Sykes
in March 1962 to East Gulf Estuarine Investi-
gations.

Atlantic States Marine Fisheries Commis-
sion: Laboratory staff members participated
in the South Atlantic and Chesapeake Bay
Section meetings at which an outline of the
section reports to be given at the 20th annual
meeting of the Commission was completed,
Two staff members attended the 20th annual
meeting held in New York in October, and a
report summarizing the accomplishments of
the cooperative striped bass studies was given,




Work conferences: Numerous work confer-
ences were held during the year for the pur-
pose of coordinating researchat this laboratory
with that conducted by other Federal and State
agencies and academic institutions, including
the U.S. Army Corps of Engineers, Office of
River Basin Studies, North Carolina Wildlife
Resources Commission, North Carolina De-
partment, of Water Resources, North Caro-
lina State College Institute of Statistics, South
Carolina Wildlife Resources Department,
Atomic Energy Commission, Virginia
Institute of Marine Science, Chesapeake
Biological Laboratory, and Sandy Hook Marine
Laboratory. The annual spring meeting of the
Atlantic Estuarine Research Society was held
at Morehead City, N.C., with the University
of North Carolina Institute of Fisheries Re-
search, the Duke University Marine Labora-
tory, and the Bureau of Commercial Fisheries
Biological Laboratory acting as joint hosts.
T. R. Rice was the Department of the Interior
representative at an international symposium
on '"Agriculture and Public Health Aspects of
Radioactive Contamination in Normal and
Emergency Situations,' held at Scheveningen,
Netherlands. J. W. Reintjes attended the 'In-
ternational Symposium on Luminescence,"
held in New York. F. C. June and G. B. Talbot
attended the Executive Committee meeting of
the Industrial Products Division ofthe National
Fisheries Institute, held in Morehead City,
N.C. T. R. Rice; J. B. Baptist, T. J. Brice.
and G. H. Rees attended the first symposium
on radioecology, held at Colorado State Col-
lege. G. B. Talbot attended the Shallow Water
Conference in Baltimore, Md.

Public relations: Staff members described
their research and presented demonstrations

to instructors and students from North Caro-
lina State College, University of North Caro-
lina at Chapel Hill, and Ohio State University.
Talks also were given to faculty and students
of the Morehead City High School and the
Smyrna Grade School, and to members of the
Queen Street School Faculty Science Club,
Beaufort. Three staff members were invited
to visit the AEC plant at Aiken, S.C., where
they presented talks covering radiobiological
research on marine organisms. G. H. Rees
presented a lecture, '""Low-Level Radioactive
Contamination of the Aquatic Environment in
its Introduction into Biological Cycles,' at
the School of Public Health, University of
North Carolina, Chapel Hill. In collaboration
with the University of North Carolina Institute
of Fisheries Research, laboratory staff mem-
bers prepared a brochure on fishery research
which was used in connection with a fishery
promotion display at the North Carolina State
Fair held at Raleigh.

Training programs: F, C. June attended a
2-week short course, '"Electronic Processing
of Biological Data,'" at the University of
Washington. J. P. Baptist attended a 2-week
course, '"Nuclear Methods Applied to Oceanog-
raphy,'' at the Oak Ridge Institute of Nuclear
Studies. T. R. Rice presented a lecture,
""Uptake of Trace Elements by Marine Orga-
nisms,'" and instructed a laboratory session
on the '"Rate of Uptake and Release of Znb5
by Marine Organisms,' during a 2-week course
at the Oak Ridge Institute of Nuclear Studies.
Po-wei Yuan, a trainee from Taiwan, visited
the laboratory for 2 weeks to observe fishery
research methods.
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BLUE CRAB PROGRAM
Paul R, Nichols, Acting Chief

Research on the blue crab during 1962 can
be divided into three large categories which
correspond to phases in the life history of
the species. These are (1) larval studies,
(2) immature crab studies, and (3) adult crab
studies. Each of these phases in the life
history is different ecologically, physiologi-
cally, and morphologically; and what we know
about them is relatively meager compared to
the present interest in the fishery.

LARVAL STUDIES

John D, Costlow, Jr.
Duke University Marine Laboratory
and
Peggy M. Keney

The 1larval studies are basically of two
types: (1) laboratory studies to determine
the effects of environmental factors on larval
survival and rate of development and (2) field
studies to determine the distribution and abun-
dance of larvae. The laboratory phase of the
work is being conducted at the Duke University
Marine Laboratory under contract.

The effects of environmental factors on the
development and survival of larvae of the blue
crab (Contract: 14-17-0002-11): There is

considerable variability in the survival of
zoeae hatched from eggs of different female
blue crabs. Survival has ranged from less
than 1 percent to approximately 40 percent,
even when all larvae of all series were
maintained under almost identical environ-
mental conditions. This variability has made
it difficult to show any direct correlation
between survival of the zoeae and condi-
tions that would normally be encountered
in nature, and suggests that physical con-
ditions of the environment following hatch-
ing may not be the most important factor
affecting larval survival. It is possible that
variability in survival is associated with
intrinsic factors such as diet of the female
crab prior to egg laying, the environmental
conditions at the time of egg laying, or
genetic differences. Studies are underway
to determine if variability of survival of
larvae is associated with nitrogen content
or other organic constituents of the eggs
and larval stages. Additional work is needed
to determine how the physiological condition
of the female affects development of the eggs
and larvae.

Recent work has established that mortality
and rate cf development of the megalops stage,
that stage just prior to the first crablike
stage, are considerably affected by tempera-
ture and salinity. At a temperature of 30° C.



and at salinities of from 10 to 35 p.p.t.,
metamorphosis took place in 5 to 6 days;
at 25° C., the time required was 8 to 9 days;
at 20° C., it took 14 to 18 days; and at 15° C,,
the megalops rarely developed into a crab,
but those that did required 60 days or more.
At any one temperature, development was
slower in the lower salinities, but the differ-
ences were less than those due to tempera-
ture.

Some work has been done this year on the
effects of temperature and salinity on the
growth rate of the early postlarval stages.
The effects of low temperatures were to
prolong the intermolt period and decrease
the growth increment, but salinities of 5 to
35 p.p.t. did not affect the frequency of

molting or the percentage increase at time of
molting.

Analyses of plankton collections:
studies,

In field
regular plankton collections were

made in estuarine and offshore water in North
Carolina and Florida. In addition, an analysis

was completed of the plankton collections

made available from the cruises ofthe research
vessel Theodore N, Gill, This analysis re-

vealed the following points concerning the
distribution of Callinectes larvae:

1. Only early stage zoeae and megalops

occur in the estuaries. There is a tre=-

mendous drop in numbers from first to
second stage zoeae. This may be com-
parable to the heavy mortalities observed
in laboratory rearing experiments.
2, All larval stages occur in the inlets,
indicating that some complete develop-
ment takes place in these waters.
Combined larval stages occur ingreatest
abundance 20 and 40 miles offshore. In
Florida, Georgia, and South Carolina,
large numbers of early stage zoeae
occur near the beaches; with a progres-
sion to the advanced stages 20, 40, and
60 miles offshore (fig. 1), It was sur-
prising to find relatively large numbers
of late stage zoeae and megalops occur-

ring 60 miles offshore and some as much
as 80 miles offshore.
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Figure 1.--Offshore relative abundance of larval stages of Callinectes in plankton samples from Theodore N,
Gill cruises, Florida, Georgia, and South Carolina, 1953-54.



IMMATURE CRAB STUDIES

Mayo H, Judy
and
Donnie L. Dudley

We continued our attempts to locate the
nursery grounds for immature crabs and
determine their abundance, food, predators,
and competition. Collecting very young crabs
is difficult because they seem to prefer the
shallow bays and creeks with soft, muddy
bottoms, and spend considerable time buried,
or partially buried, in this ooze. We worked
on the design of a sled-type bottom skim-
mer that will permit us to take a sample
at or slightly below the surface of the
mud.

Also in our immature crab studies we made
regular collections with a 30-foot shrimp
trawl to determine the species composition
of crab populations in our North Carolina
study area. From these trawl collections we
obtained data on the species present, their
relative abundance, size, sex, and the maturity
of the females. This new phase of our work
indicated that the species composition of the
crab populations is constantly changing. We
hoped that this study would yield information
on how other crab species affectthe abundance
of Callinectes sapidus. In addition, this study
vas a valuable adjunct to our plankton work.
Since larvae of a number of other species
are easily confused with blue crab larvae,
knowledge of what species are present and of
when they are spawning increases our view
of the total crab population.

Field studies showed that blue crabs did
not occur uniformly over the bottom of any
particular river or bay, but tended to congre-
gate in certain areas. We began an investi-
gation at the end of this fiscal year to explain
this phenomenon. This investigation consists
of:

1. Collection of bottom samples, by means
of a Petersen dredge, in areas where
crabs congregate and in nearby areas
where they do not. Comparisons will be
made of the composition of the bottom
and the occurrence of bottom organisms
other than blue crabs in the various
areas.

Stomach analyses of crabs from the areas
where bottom samples are taken.

™~

Preliminary results of this investigation
showed that aggregations of juveniles in cer-
tain sections of the St. Johns River, Fla.,
were related to the presence of clam and
mussel beds, and stomach analyses showed
that immature bivalves were an important
item in the blue crab's diet.

ADULT CRAB STUDIES

Marlin E, Tagatz
and
Grady P, Frymire

Studies of adult crabs consisted of a tagging
and recovery program to follow their move-
ments, examination of our own trawl catches
to determine the stage of sexual maturation
as related to season and to various portions
of the estuary, examination of the commercial
catch for size and sex ratio, and collection of
catch and effort statistics. These studies were
conducted in the Newport River estuary in
North Carolina and the St. Johns River, Fla.

Our study of the St. Johns blue crab covers
an area from the mouth of the river to Astor,
Fla., a distance of 135 miles. Thirty miles
above the mouth of the river the salinity is
zero; about two-thirds of the St. Johns River
blue crab fishery takes place in fresh water.

Mating of the St. Johns River blue crab
takes place throughout the 135 miles of the
river under study. The period of mating is
primarily March through November. There
are, in the St. Johns during any 1l year, three
fairly distinct groups of females--(1) a group
which mates in the spring and migrates to
the ocean in the summer, (2) a group which
mates in the summer and migrates to the
ocean in the fall, and (3) a group which mates
in the fall and moves into the ocean the fol-
lowing spring. Each of these groups may be
reinforced in the lower river and ocean by
second-sponge females from the preceding
group (fig. 2).

Females that mate in fresh water during
autumn begin to move to waters of low salinity
in December. This migration results in a con-
gregation of females in December and January
about 20 miles from the mouth of the river. In
February the females migrate to waters of
higher salinity about 10 miles from the mouth
of the river and develop a sponge (egg mass) on
the abdomen. During March and April, sponge
females migrate into the ocean where the eggs
hatch. The majority of these ocean migrants
pass through the Inland Waterway (5 miles
from the mouth of St. Johns River) and enter
the ocean via Ft, George and Nassau Rivers,
approximately 6 and 15 miles to the north.
Almost immediately after the eggs hatch, spent
females re-enter St. Johns River and also
Ft. George and Nassau Rivers to develop their
second sponges. The second sponge develops
rapidly, and these females return to the ocean
during June and July for the hatching of the
eggs. Following the hatching of this second
sponge, the females do not normally return
to the river but remain in the ocean and
presumably die soon afterwards.

Mature males, living 25 to 135 miles from
the mouth of the river, also make intensive



CHESAPEAKE BAY

ST. JOHNS RIVER

SECOND
SPONGE

IR CL ¥ 4 AR LSS S [y TP LR A
- - v \
= N\

- \

-~ \

\
SPONGE |
SECOND SECOND |
MAR. -APR. SPONGE SPONGE |
(e Ve e 1y /

7
7
v

- ~
- ~
= o N
- \
\

SPONGE \

\
\
AUG. -SEPT, |

/

PROGENY
MATURE

SEPT.-0CT,

LIFE HISTORY - BLUE CRAB
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migrations the year around downriver toward
and into high salinity waters. Males in the
lower 25 miles of the river usually remain in
the area, but some move into the ocean and
into the Ft. George and Nassau Rivers the
year around. In late fall and early winter,
males concentrate in the waters of lower
St. Johns and immediately off the mouth.

These migrations are reflected in the sex
ratio of the commercial catch., In the lower
25 miles of the river, the catch is 45 percent
male and 55 percent female; from 25 to 75
miles from the mouth, 80 percent male and
20 percent female; from 75 to 135 miles from

the mouth, 88 percent male and 12 percent
female.



MENHADEN PROGRAM
Fred C. June, Chief

A primary objective of the Menhaden Pro-
gram is to furnish scientific information
which will lead to wise utilization of Atlantic
menhaden resource. Major research efforts,
therefore, were (1) determination of size and
age composition of the fished stocks for pur-
pose of measuring changes in year class
abundance, recruitment, growth, and mortality,
and the effects of such changes on catch and
distribution of the fish; (2) development of
methods to estimate the abundance of juveniles
in the estuarine nurseries, these estimates
being indices of the relative abundance of
each new year class entering the fishery at
age 1; and (3) a study of the relation between
fishing effort and changes in abundance. Data
for these studies were obtained from catch
samples collected throughout the range and
season of the purse seine fishery, from
records of landings kept by the menhaden
reduction plants, and from logbook records
of daily fishing activities kept by wvessel
personnel,

Spawning and early development of Atlantic
menhaden occur in the ocean, but the nurseries
are the inland tidal waters of every river
system from Massachusetts to Florida. Con-
tinuing research, therefore, was concerned
with investigating factors affecting the sur-
vival of young from the time of their entry
into the nurseries as larvae until their de-
parture as juveniles. This work included
(1) field and laboratory studies of the effects
of temperature and salinity on the entry and
survival of young and (2) a cooperative study
with the Woods Hole Oceanographic Institution
and the U.,S. Coast Guard to provide informa-
tion on currents which transport larvae into
the estuarine nurseries.

CATCH SAMPLING

Fred C. June, Joseph R, Higham, and
William R. Nicholson

Atlantic menhaden caught by purse seines
were sampled at reduction plants during the
1961 "summer' fishery (May to October) and
during the North Carolina ''fall" fishery (No-
vember to January) for age, size, and sex
composition. Analyses of these data, along
with records of catch and logbook information
on the amount and location of fishing, as w .11
as estimates of juvenile abundance in estuarine
nurseries, provided a measure of the current
condition of the fishery.

The average 1961 catch per purse seine
set increased over that of 1960 but was below
the 1955-60 annual average.

For the third consecutive year, the 1958
year class (age-3 fish) provided the largest
share of the purse seine catch. This super-
abundant year class accounted for approxi-
mately one-half of the total number of fish
landed. It was followed in importance by the
1960 year class (age-1 fish) and the 1959
year class (age-2 fish). Contributions by other
year classes were negligible.

In 1962, it is expected that the 1958 year
class, at age 4, will continue to make sub-
stantial contributions to the summer fishery
in northern waters and to the North Carolina
fall fishery. Because of the below-average
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Figure 3.--Age composition of purse seine caught
Atlantic menhaden, by area, 1961,



abundance of juveniles of the 1961 year class
in estuarine nurseries, it is expected that the
catch in the South Atlantic Area, which is
supported primarily by age-1 fish, will be
below average in 1962. The below-average
abundance of the 1959 and 1960 year classes
also is expected to result in a reduced catch
in the Middle Atlantic Area, where ages 2
and 3 have their greatest impact.

An analysis of reduction plant records of
daily landings by individual vessels provided
measures of total catch, apparent abundance,
and fishing effort for a 22-year period, 1940-61.
It was concluded that (1) fishing effort in-
creased approximately fourfold in the Chesa-
peake Bay and Middle Atlantic Areas, (2) the
apparent abundance of Atlantic menhaden had
not changed noticeably in the South Atlantic
and Chesapeake Bay Areas but in recent
years had declined significantly in the Mid-
dle Atlantic and North Atlantic Areas (appar-
ently a result of the increased exploitation
of younger age groups of fish), and (3) annual
variations in the catch would occur as a
result of variations in abundance of individual
year classes.

POPULATION STUDIES

John W, Reintjes

Identification of eggs, larvae, juveniles, and
adults of four species of menhaden is basic to
biological studies of the menhadens of the
Atlantic Ocean and Gulf of Mexico. Analyses
of variations in body structures (morphology)
were initiated for describing species anddivi-
sions of species populations.

Eggs and larvae of yellowfin menhaden,
Brevoortia smithi, were obtained from Indian
River, Fla. The identity of the eggs and yolk
sac larvae was known by starting with eggs
and sperm from known parents, Older larvae
were collected by plankton net tows, and were
compared for morphological similarities to
complete the series.

Collections of juvenile gulf menhaden, B. pa-
tronus, and yellowfin menhaden from the
southern extremity of the Florida peninsula
confirmed that juvenile menhaden are con-
tinuously distributed from the Atlantic Ocean
to the Gulf of Mexico.

Adult gulf menhaden, collected over the
known geographical range, Florida to Mexico,
were examined for morphological variations.
One purpose of the study was to describe the
species and distinguish it from other men-
hadens occurring in the region. Another pur-
pose was to determine if meristic vari-
ations within the species might be used to
identify subpopulations. Analysis of vertebral
counts showed significant differences between

collections
Texas.

Variations in vertebral numbers of juvenile
Atlantic menhaden, B. tyrannus, in 4 consecu-
tive year classes from 45 estuaries along the
Atlantic coast showed the existence of two
subpopulations, one occurring north and one
south of Long Island, N.,Y. A manuscript
summarizing the results was submitted for
publication,

The winter occurrence of spawning Atlantic
menhaden in the Cape Canaveral area of
Florida supports the hypothesis of a third
subpopulation which is separate from the two
occurring north of Cape Hatteras, N.C. These
adults may not be fully exploited by the purse
seine fishery.

Results of a cooperative study with the
Virginia Institute of Marine Science showed
that frequency of occurrence and host speci-
ficity of monogenetic trematodes (parasites
on menhaden gills) may be used to distinguish
species and possibly subpopulations of men-
haden.

from Florida, Mississippi, and

ESTUARINE BIOLOGY OF YOUNG
Frank T. Carlson

Variations in environmental conditions
within estuaries, the nursery grounds for
menhaden, may be responsible for the success
or failure of a year class., Low water tem-
peratures when Atlantic menhadenlarvae enter
estuaries (October to May), for example, can
inhibit entry or affect their survival. Results
of field studies at Indian River, Del., from
1956 to 1961 showed 3° C. to be the minimum
tolerable temperature for larvae,

Experimental studies were undertaken to
determine the lower temperature tolerance
limits of the larvae and their relation to
acclimation temperatures and periods. A labo-
ratory was equipped for keeping larvae in
waters of selected temperatures in a unit
permitting three different holding tempera-
tures. Larvae were fed brine shrimp and
wild copepods. Approximately 2,000 larvae,
ranging from 15 to 32 mm., fork length, were
used. Replicate lots were subjected to abrupt
chilling in 0.5° increments from acclimation
temperatures that ranged from 21.0°to 8.3° C.
to experimental temperatures ranging from
7.0° to -0.5° C. The results of the laboratory
trials supported the field observations that
39 C. was approximately the threshold for
survival. Larvae accustomed to temperatures
below 11.5° C. survivedin significantly greater
numbers than those accustomed to water above
11.5° C.; therefore, the lesser the amount of
cooling, the greater the survival to tempera-
tures near the lethal limit.



ESTIMATION OF JUVENILE
ABUNDANCE

Anthony L. Pacheco

Studies were continued on several methods
of estimating the abundance of juvenile Atlantic
menhaden in estuarine nurseries. Reliable
estimates of the relative abundance of each
new year class are important since age-1
fish support the commercial purse seine
fishery in the South Atlantic and Chesapeake
Bay Areas.

We conducted Petersen-type mark and re-
covery experiments in six tributaries from
North Carolina to Massachusetts to provide
estimates of absolute abundance. We obtained
estimates of relative abundance concurrently
at each location from catch per haul by haul
seines and surface trawls. We also examined
the variation in the availability of juveniles
to haul seines.

The major findings were: (1) a positive
relation existed between estimates of relative
and absolute abundance at each location,
(2) surface trawling was a reliable method
for estimating relative abundance in areas
inaccessible to haul seines, and (3) night
seining resulted in higher average catches
than day seining. Also, there were fewer zero
catches and less variation in numbers of fish
caught per haul at night,

Annual estimates of absolute abundance by

mark and recovery methods, and relative
abundance estimates by catch per haul in
White Creek, Del., (a tributary of Indian
River) are shown in figure 4, Studies over

the past 3 years have shown a high positive
correlation between the indices of relative
abundance of juveniles in estuaries and of
age-1 fish in the purse seine fishery the
following year. Variability of absolute esti-
mates was examined from replicate surveys
conducted in four tributaries. Based on a
mathematical analysis (triple-catch trellis),
estimates of juvenile survival and recruit-
ment rates in four estuaries indicated a pro-
gressive decline in abundance at rates varying
from -0.045 to -0.090 per day from June to
September., A progressive decline in haul
seine and trawl catches, as well as decline in
school counts, and tag recovery ratios, pro-
vided supporting evidence.

Aerial counts were made during replicate
flights over 40 estuaries from South Carolina
to Massachusetts. In general, we encountered
optimal conditions for aerial scouting in mid-
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morning at altitudes of 500-800 feet. Except
in turbid areas, schools were clearly distin-
guishable and counts easily made. Estimating
relative abundance by aerial spotting appears
satisfactory for most estuaries, and it offers
the observer broad geographic coverage and
the opportunity to compare regional differ-
ences in the occurrence of the fish.

Compared to 1959, a below average year
class and the base year, the relative abundance
of juveniles in 1961 appeared unchanged from
South Carolina to Long Island, and slightly
higher north of Long Island. Compared to
1960, relative abundance in 1961 generally
was lower.

METHODS OF MARKING AND
RECOVERY

Frank T, Carlson

We experimented with internal ferromag-
netic tags on juvenile menhaden, 115-165 mm.,
fork length, in tanks at the laboratory. Four
different tags were tested--three were ironor
iron-nickel toroids of different sizes and
finishes, and one was a plastic cylinder with
an iron core, Tags were inserted into the body
cavity through a slit made with a scalpel.
Controls of (1) incised but untagged fish and
(2) nonmutilated fish were kept in the same
tanks., The most suitable tag was the smoothest
and smallest toroid. The other tags damaged
the viscera, and many tags were shed. The
only significant mortality was among fish
tagged with the larger and rougher toroids.

Recovery or detection of fish tags from
fish meal and oil requires a mechanical or
electronic device. Magnetic recovery of tags
has been successful in the herring, sardine,
and anchoveta fisheries. Results indicate that
this method would be satisfactory for the
menhaden industry.

A possible method for recovering marked
fish is the photoelectric detection of fish
marked with luminescent pigments. An initial
inquiry showed that luminescent pigments
were not detectable by intensity alone and
that discrimination by color could not be done
with our present detection device. Although
the method may have laboratory applications,
it seems impractical for plant installation.
To date, the inquiry has concerned only the
development of a detection instrument, and
no application of luminescent pigments to live
fish has been tried.
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SHAD PROGRAM
Paul R, Nichols, Chief

Research was concerned primarily with
continuing studies of population dynamics of
the American shad, Alosa sapidissima. In
addition, studies were made on the biological
problems encountered in the passage of shad
and other migratory fishes at Little Falls
fishway on the Potomac River, Md.; Hadley
Falls fish lift on the Connecticut River, Mass.;
and navigation locks on the Cape Fear River,
N Cs

DYNAMICS OF SHAD POPULATIONS
Robert M, Lewis

As an index to annual trends in abundance,
and as a part of a continuing study of dynamics
of shad populations, statistics were obtained
on the fisheries of the Connecticut, Hudson,
York, Cape Fear, and St. Johns Rivers. State
authorities were provided population inven-
tories on the shad runs and fisheries to aid
in the management of the resource.

In the 1961 annual report, statistics on the
shad fisheries on the Connecticut, Hudson,
and York Rivers were available only for the
1960 season. This report contains the 1961
and 1962 population inventories for these
three rivers.

Connecticut River - 1961-62: The estimated
commercial catch in 1961 was 123,590 shad,
the fishing rate was 39 percent, and the cal-
culated size of the run was 317,000 shad.
From a regression equation calculated from
escapement and size of run data, the predicted
size of the 1961 run was 378,000 shad. The
19-percent difference between the calculated
and predicted size of run may have resulted
from some of the fishermen discarding a
portion of the male catch. Also, purse seiners
fishing out of Gloucester, Mass., during the
summer and fall of 1960 landed approximately
630,000 pounds of shad, which could have
affected the size of run into the river because
fish that spawn in rivers from Chesapeake
Bay to the Connecticut River migrate north-
ward after spawning and spend the summer
and fall in the Gulf of Maine, The estimated
sport catch by both Connecticut and Massa-
chusetts fishermen was 25,000 shad--the same
yield as for the previous season.

In 1962, the estimated commercial shad
catch was 121,206 fish, fishing rate 39 per-
cent, and calculated size of run 311,000 shad.
The predicted size of the 1962 population
entering the Connecticut River was 386,000
shad. The estimated sport catch by both
Connecticut and Massachusetts was 31,000
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shad--a 24-percent increase from 1961. The
predicted 1963 shad run into the river is
386,000 fish.

Hudson River - 1961-62: In 1961, the esti-
mated commercial catch was 588,900 pounds
(178,700 fish), of which New York fishermen
caught 40 percent and New Jersey fishermen
60 percent, New York fishermen operated 450
linear yards of haul seine, 125,873 square
yards of drift gill net, and 92,639 square
yards of stake gill net; New Jersey fishermen
operated 30,022 square yards of stake gill
net. Effort decreased from that during the
previous season, and the catch dropped to
the lowest level in several years.

In 1962, the estimated commercial catch
was 527,680 pounds (149,380 fish), of which
New York fishermen caught 41 percent and
New Jersey fishermen 59 percent. New York
fishermen operated 457 linear yards of haul
seine, 113,059 square yards of drift gill net,
and 96,329 square yards of stake gill net;
New Jersey fishermen operated 30,952 square
yards of stake gill net. The catch declined for
the fourth consecutive season and was 10.3
percent less than that for the previous season.

York River - 1961-62: In 1961, the esti-
mated commercial shad catch was 414,068

pounds, of which drift gill nets operated in
the tributaries (Mattaponi and Pamunkey
Rivers) caught 47 percent, stake gill nets

operated in the York caught 48 percent, and
pound and fyke nets operated in the lower
York caught the remainder. The total effort
was 16,275 standard-fishing-unit-days (100
yards of drift gill net fishedfor 1 day - 1 s.f.u.
day), of which drift gill nets accounted for 62
percent, stake gill nets 35 percent, and pound
and fyke nets the remainder. The estimated
population size was 749,000 pounds, and the
fishing rate 55 percent. :

In 1962, the estimated commercial catch
was 589,377 pounds, of which drift gill nets
caught 37 percent, stake gill nets 58 percent,
and pound and fyke nets the remainder. The
total effort was 13,414 standard-fishing-unit-
days, of which drift gill nets actounted for
56 percent, stake gill nets 39 percent, and
pound and. fyke nets the remainder. The esti-
mated population size was 1,146,000 pounds,
and the fishing rate 51 percent,

Cape Fear River System - 1962: The esti-
mated commercial area shad catchwas 121,525
pounds. The Cape Fear River produced 64
percent, the North East Cape Fear River 29
percent, and the Black River 7 percent, Drift
gill nets produced 96 percent of the catch, and
anchor gill nets and haul seines the remainder.




(Courtesy of North Carolina Wildlife Resources Commission.)

Figure 5,--Bow net used in the inland areas in North Carolina rivers for catching shad, These nets
have an oval opening 4 to 10 feet wide and 6 to 18 feet long and are fished either from a stationary

platform or from a drifting boat,

The inland area shad catch was 61,500 pounds,
of which the North East Cape Fear produced
75 percent and the Black the remainder. Of
the inland area catch, gill nets took 72 percent
and bow nets the remainder. The total catch
of 183,025 pounds was 4 percent less than
that in 1961; however, the catch per unit of
effort was 33 percent greater than that in the
Previous season.

St. Johns River - 1962: The estimated shad
catch was 795,000 pounds; the commercial fish-
ery caught 621,000 pounds and the sportfishery
174,000 pounds., The calculated size of the run
was 3,362,000 pounds, and the total fishing
rate 24 percent. The production increase of 30
percent over the previous season, probably
resulted from the large spawning escapement
of more than 2 million pounds in 1957-58.

FISHWAY STUDIES
Paul R, Nichols

The Bureau of Commercial Fisheries con-
tinually receives requests to help solve biologi-
cal problems associated with the protection
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and rehabilitation of runs of shad and other
migratory fishes at existing impoundments,
Studies were made (1) at the Little Falls Dam
Fishway on the Potomac River to study the
passage of migrating fishes, especially ana-
dromous species, to spawning grounds and
nursery areas above the dam; (2) atthe Hadley
Falls Dam fish lift on the Connecticut River
to observe the passage of adult shad and to
make comparable growth and racial studies
on the young hatched above and below the dam;
and (3) at Lock and Dam No. 1 on the Cape
Fear River on the practicability of using
navigation locks in lieu of fishways for
the upstrearmm passage of shad and related
species.

Little Falls Dam Fishway, Potomac River -
1962: The fishway was operated and observed
from May 5 to May 31. No shad or related
species ascended the fishway, but local river
fishes used the fishway successfully during
experiments with various combinations of
attraction flow. Since the resident fish did
negotiate the fishway, anadromous species
should do so if present,
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The inland area shad catch was 61,500 pounds,
of which the North East Cape Fear produced
75 percent and the Black the remainder. Of
the inland area catch, gill nets took 72 percent
and bow nets the remainder. The total catch
of 183,025 pounds was 4 percent less than
that in 1961; however, the catch per unit of
effort was 33 percent greater than that in the
Previous season.

St. Johns River - 1962: The estimated shad
catch was 795,000 pounds; the commercial fish-
ery caught 621,000 pounds and the sportfishery
174,000 pounds. The calculated size of the run
was 3,362,000 pounds, and the total fishing
rate 24 percent, The production increase of 30
pPercent over the previous season, probably
resulted from the large spawning escapement
of more than 2 million pounds in 1957-58.

FISHWAY STUDIES
Paul R. Nichols

The Bureau of Commercial Fisheries con-
tinually receives requests to help solve biologi-
cal problems associated with the protection
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and rehabilitation of runs of shad and other
migratory fishes at existing impoundments,
Studies were made (1) at the Little Falls Dam
Fishway on the Potomac River to study the
passage of migrating fishes, especially ana-
dromous species, to spawning grounds and
nursery areas above the dam; (2) atthe Hadley
Falls Dam fish lift on the Connecticut River
to observe the passage of adult shad and to
make comparable growth and racial studies
on the young hatched above and below the dam;
and (3) at Lock and Dam No. 1 on the Cape
Fear River on the practicability of using
navigation locks in lieu of fishways for
the upstream passage of shad and related
species.,

Little Falls Dam Fishway, Potomac River -
1962: The fishway was operated and observed
from May 5 to May 31. No shad or related
species ascended the fishway, but local river
fishes used the fishway successfully during
experiments with various combinations of
attraction flow. Since the resident fish did
negotiate the fishway, anadromous species
should do so if present.




The reasons why shad and other anadromous
fishes do not ascend the river to the fishway
are not readily apparent. It is quite possible
that (1) the runs are now so small thatthe fish
do not need the spawning areas above the dam
and therefore have no urge to push further
upstream; (2) the upriver stocks may have
been blocked from their spawning grounds
when the dam was repaired after the 1942
flood, and therefore lost their migratory
instinct, at least as far as ascending the river
above the dam; and (3) rapids about 0.8 mile
below the fishway may act as a deterrent to
their upstream progress, at least at some
river discharges, and therefore only few fish
pass this partial obstruction.

Fertilized shad eggs obtained from com-
mercial fishermen in the lower river were
held in experimental hatching boxes above the
impoundment to determine the suitability of
waters above the dam for successful
hatching. Survival from four experiments was
poor; however, with some changes in tech-
ue, it probably could be increased.

Hadley Falls Dam Fish Lift on the Con-
necticut River - 1961-62: Passage of shad
in 1961 totaled 22,601 fish--50 percent more
than in 1960. From 1952 to 1961 the number
of shad passed annually has increased steadily.
catch and size of run into the river have
1ined relatively high inthe last six seasons
(table 1), Numbers of other species using the
fishway were 1,158 alewife, Alosa pseudo-
gus; 267 bass, Micropterus sp.; 35 trout,
sp.; & walleye, Stizostedion vitreum;

Perca flavescens; 13 bullhead,
Ictalurus sp.; 37 catfish, Ictalurus sp.; 11 carp,
yprinus carpio; and 42 lamprey, Petromyzon
A.;"V‘JS
Passage of shad in 1962 totaled 21,346 fish--
below 1961, However, in 1962 the

the

" ey

naren

Salmo

perch,

somewhat

fish 1lift operated with unusually low water
levels in the river. By extensive changes, the
lift was made more efficient. The trap now
rises to a flume to the forebay of the dam,
thus eliminating the bucket system used in
previous seasons.

Studies on the young shad hatched above
and below the dam showed some significant
differences. In samples taken on October 1,
1962, those hatched above the dam ranged
from 104 to 142 mm. fork length with a mean
of 118.2 mm.,; those hatched below the dam
ranged from 81 to 130 mm., with a mean
of 105.8 mm. (fig. 6). This difference in size
indicates that the area above the dam was
superior for growth to the area below the
dam, at least for the hatch from the present
number of adult shad passed. The young shad
hatched above the dam consistently had higher
fin ray counts than those hatched below the
dam, with the difference in the left pectoral
fin ray count being significant at the 1-percent
level. Differences in body structures between
the young from each area may enable us to
project these differences to the commercial
catch, and thus evaluate the effect of shad
passage on the fishery.

Experimental lockage of fish at Lock and
Dam No. 1, Cape Fear River - 1962: Studies
were made in cooperation with the U,.S, Army
Corps of Engineers and the North Carolina
Wildlife Resources Commission to determine
the practicability of using locks, instead of
fishways, to pass anadromous fishes during
their spawning migrations. A lock was operated
108 hours for the passage of fish from April 2
to June 4. Based on the number of fish netted
in the lock chamber during periodic sampling
with haul seine, an estimated 1,030 American
shad, Alosa sapidissima, 1,140 glut herring,

le 1.--Numbers of American shad passed at Hadley Falls Dam (Holyoke, Mass.) and dynamics of
the Connecticut River population, 1955-62 '

Year l Fish lifted Catch Fishing rate Size of run
! Number Number Percent Number
.................... f 35 134, 856 54 249,272
................... i 262 114,695 50 229,850
.................... ‘ 124 78,506 41 191,478
................... 4,900 60,449 35 Ay Ml
..................... 75731 53,500 24 223,000
.................... 8,847 81,368 26 313,000
..................... 5,705 126,463 34 372,000
Vo isiins o m i R e 14,972 107,902 31 348,000
..................... 15,076 115,706 34 340,000
...................... 22,601 123,593 39 317,000
...................... 21,346 120,230 40 304,Q00
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Figure 6.--Length frequency of young shad hatched above and below the Hadley Falls Dam on the Connecticut
River, October 1, 1962,

A. aestivalis, and 1 striped bass, Roccus
saxatilis, were passed (fig. 7).

Some difficulties encountered were (1) the
lock could be operated for passage of fish
upstream only when there was light boat
traffic, (2) most fish were attracted to the
base of the dam approximately 160 feet up-
stream from the lower lock opening, and
(3) there was not enough water to operate
the lock for passage of fish upstream during
most of the scheduled period. This experi-
ment, however, offered evidence that ana-
dromous species can be passed upstream
with navigation lock and that a secondary use
can be made of the lock to restore the spawn-
ing runs above such barriers. (A report on
techniques used for locking fish upstream,
and on sampling the lock chamber, is avail-
able from the laboratory.)
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COMPARATIVE STUDY OF JUVENILE
FIN RAY AND SCUTE COUNTS

Paul R. Nichols

Forty-five collections of juvenile shad, from
10 major shad producing rivers along the
Atlantic coast, were examined to determine
if differences in fin ray and scute counts
gave evidence of discrete river populations.
In each river except the Susquehanna, Rappa-
hannock, and Edisto, collections were made
at two @r more locations, and in each river
except the Susquehanna during two or more
seasons, Counts were made of pectoral fin
rays, dorsal fin rays, anal fin rays, and
scutes (table 2). The variations in the counts
between locations and years within rivers
were small compared to those between rivers,



Figure 7.--Sampling the lock chamber at Lock and Dam No. 1 on the Cape Fear River to determine
the efficiency of the lock as a fish passing device.

Significant differences were found between
neighboring streams and among streams within
large geographical areas. Significance at the

l-percent level was considered as biologically
different,

Connecticut-Hudson Rivers:
counts for Hudson River juveniles were higher
than those for Connecticut River fish. Except

The average

Rivers:

for anal fin ray counts, differences were sig-
nificant between rivers.

Susquehanna-Rappahannock- York-James
The average counts between rivers

were quite variable. Differences were sig-
nificant in each count between the York and
James Rivers, in pectoral fin ray and scute
counts between the York and Rappahannock




Table 2.--Average number of fin rays and
scutes of juvenile American shad

- Pectoral | Dorsal | Anal

River ray ray ray Scute
Connecticut... 15.22 18213 k21:23 | 36.59
Hi1ASons ke o " 15.78 18.44 | 21.26 | 37.42
Susquehanna. . . 16.12 18284 | 21.28 |:37.22
Rappahannock. . 15.39 18.54 | 21.50 | 36.25
Norksia. «omes o 16.32 18,581 21.27 | 3695
JamesS.cseeenss 15.69 18:.27| 20.77 |.36.29
NEeUuSEiussie s 15.98 W72 | 21..55 |.36:23
Bdiatol Enwses 16.29 18.56 | 20.74 | 36.44
Ogeechee...... 16.22 182901 21,12 | 36:50
SHdrlohnel. st 16.19 18.98 | 21.70 | 36.68

Rivers, in pectoral fin ray and scute counts
between the Rappahannock and Susquehanna
Rivers, in pectoral fin ray and dorsal fin ray
counts between the York and Susquehanna
Rivers, and in scute counts between the James
and Susquehanna Rivers.

Neuse-Edisto-Ogeechee-St. Johns Rivers:
There were no differences in the counts
between locations and years within rivers,
Differences were significant in pectoral fin
ray and anal fin ray counts between the Neuse
and Edisto Rivers, in pectoral fin ray counts
between the Neuse and Ogeechee Rivers, in
anal fin ray counts between the Edisto and
Ogeechee Rivers, in dorsal fin ray and anal
fin ray counts between the Edisto and St. Johns
Rivers, and in anal fin ray counts between
the Ogeechee and St. Johns Rivers,

The significant differences in the fin ray
and scute counts contributed evidence that
different shad populations exist in the rivers,
as was previously noted by other workers
who studied homing behavior, life history
characteristics, and various anatomical struc-
tures in the adults. Whether the cause of
differences in the fin ray and scute counts
was primarily genetic or resulted from en-
vironmental variation under which the young
developed, or a combination of both, makes
relatively little difference as long as the
variation between the collections was con-
sistent from year to year,

ATLANTIC COAST STRIPED BASS PROGRAM
Paul R, Nichols, Chief

Research on striped bass, Roccus saxatilis,
was concerned primarily with continuing tag-
ging studies, collecting of catch and effort
data, and sampling the commercial catches in
the major production areas. The objectives
were to develop methods to (1) estimate popu-
lation sizes, determine exploitation and es-
capement rates, and predict the age and size
composition of the catch prior to harvest, and
(2) obtain information on age, growth, and
migration. The findings will aid state authori-
ties in their independent or cooperative man-
agement plans.

The chief areas of research were in Albe-
marle Sound and Chesapeake Bay, where the
combined annual commercial catch has been
approximately 5 million pounds.

ALBEMARLE SOUND COOPERATIVE
STUDY

Robert M. Lewis and Randall P, Cheek

Studies on the striped bass population of
Albemarle Sound and tributaries consisted of
trawling for young-of-the-year fishas anindex
of abundance, sampling the commercial catches
for determination of age and size composition
of the catch, and tagging for population esti-
mates.

The work was a joint effort with the Zoology
Department of North Carolina State College,
Raleigh.
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Albemarle Sound - 1962: Population esti-
mates and determinations of age group com-
position were continued during the commercial
season. The estimated fishable population was
1,143,000 pounds, fishing rate 23.6 percent,
and catch 270,000 pounds. Age composition of
the commercial catch was 96 percent in ages
2 and 3, and only 4 percent in age 4 or older,
The estimated population size and catch were
the lowest values for any of the previous study
years (table 3).

Trawling for young striped bass, sampling
of commercial catches, and tagging results
made it possible to predict relative year class

Table 3.--Dynamics of Albemarle Scound striped
bass populations, 1956-57 through 1961-62
seasons (September through April
Fishing Commercial | Fishing ] Population
season catch rate size

=l -
Thousand | Thousand
pounds ercent| pounds

1956975 5 059 562 26.4 | 1,544

1957 ~98 0 s nnss 467 1.4 ‘ 1,489

1958-59. «0 s w0 1,080 44.7 2,415

1959-60. ... 352 22.4 ; 1,5"3

1960-61...... 424 21.6 | 1,967

1961 -62¢essse 269 23.6 1 1,143




strength and population size 1 year in advance
of the fishery. Prediction techniques were
designed to determine (1) the combined per-
centage of fish in ages 2 and 3, (2) the per-
centage of fish in ages 2 and 3 separately, and
(3) the pounds of fish in ages 2 and 3 occurring
in the fishable population. Predictions were
based upon mathematical analyses (multiple
regression), of commercial-catch-sampling
data and trawl catch-per-unit-effort of young-
of-the-year fish from a series of years.
Predicted age composition derived from
these analyses showed that the catch should
consist of 98.2 percent in ages 2 and 3 com-
bined. The observed percentage of these ages
was 93.6 percent,
Regressions designed to yield separate esti-
mates of fish in ages 2 and 3 showed that
age-2 fish should comprise 33.8 percent of
we catch. The observed percentage was 50.1.
. estimated percentage compositionofage-3
was 69.4, and the observed percentage
45,9, Age-3 fish were from a dominant
ear class in 1959; however, this age fish did
not appear in the predicted magnitude. This
could be due to a change in behavior and in
catchability of the fish, or a combination of
both., These fish will be available to the fishery
t age 4 in 1963.
Regressions designed to yield estimates of
the weight of ages 2 and 3inthe catch resulted
prediction of 2,024,000 pounds in the
population, compared to 1,097,000 pounds esti-
ited from tagging and catch-effort data. A
smaller poundage would be expected in view
of the larger than expected percentage of
1ge-2 fish in the catch. After commercial-
catch-sampling data and trawl catch-per-
init-effort of the young-of-the-year fish have
been obtained for an additional number of
years, hypotheses may be formulated to ac-
count for differences inobserved and predicted
ear class strength and population size,
( regression analyses, the following

the

was

Using
predictions were made for the 1962-63 fishing

season: (1) the percentage in the populationof
ige-2 and -3 fish combined should be 86.6;
f age 2, 53.3 percent; and of age 3, 33.3

percent; and (2) the total fishable population
should consist of 1,534,600 pounds of striped

Roanoke River - 1961: There is a delay in
obtaining final data from the Roanoke River
Because of this delay, the 1961 annual
report concerned the 1960 season and this
report concerns the population inventory for
1961.

The Roanoke River in North Carolina pro-
duces young striped bass that growto maturity
in Albemarle Sound. In the river in recent
years, the sport and commercial fisheries for
the adults on their spawning migration have
made annual catches of 15,000 to 44,000
striped bass., On the basis of catch-effort

study.
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data, the estimated size of the 1961 spawning
run was 290,151 striped bass--a decrease of
33 percent from 1960 and an increase of
approximately 45 percent over that of the
1956-57-58 seasons. The catch was 20,618
striped bass--a decrease of 31 percent from
1960 and an increase of approximately 16
percent over that of the 1956-57-58 seasons.
The fishing rate was 7.1 percent--a decrease
of approximately 3.0 percent from 1960.

During April and May, 482 striped bass
were tagged and released during their spawn-
ing run to provide a check on the accuracy
of the catch-effort estimate. The population
estimate based on tag recaptures was 301,078
striped bass compared fo an estimated popu-
lation of 290,151 striped bass from the catch-
effort data.

CHESAPEAKE BAY COOPERATIVE STUDY
Robert M. Lewis and Robert M, Chapoton

Striped bass research in Chesapeake Bay
was directed primarily to studies onabundance
and exploitation. The work was a joint study
with the Chesapeake Biological Laboratory at
Solomons, Md,

Potomac River - 1962: Tagging studies were
conducted on the striped bass fishery during
3 study years 1959-60-61, and tentative popu-
lation estimates were made. The study was
continued in 1962, and on the basis of catch-
effort data the tentative population estimate
was 2,398,000 pounds available to the com-
mercial fishery at the beginning of the spring
season., The commercial catch was approxi-
mately 761,675 pounds, and the fishing rate
30.5 percent. Stake gill nets took 84 percent
of the catch, and pound nets and haul seines
took the remainder. Fish in ages 2 and 3,
and less than 6 pounds, made up most of the
catch. During the study years, there has been
little change in the size of the fishery,

Upper Chesapeake Bay - 1962: Duringearly
January, we tagged and released 1,573 striped
bass in upper Chesapeake Bay between Annapo-
lis and Solomons, Md., to observe the move-
ments of these fish, to estimate their utili-
zation, and to estimate the populationavailable
to the winter gill net fishery, Preliminary
analyses of the tag recovery data by the
Petersen method and by the catch-effort sta-
tistics gave a population estimate of about
2,107,000 pounds. The minimum and maximum
unrefined population estimates by the modified
DeLury method were 2,600,000 pounds and
2,925,000 pounds, respectively. The estimated
rate of exploitation was 24 percent, The prin-
cipal harvestable portion of the population
was composed of fish in ages 2, 3, and 4.




Figure 8,--Sampling the striped bass winter gill net catch in upper Chesapeake Bay,

Information obtained from the tag returns
showed considerable winter movement by
striped bass in the upper Bay. This is a
significant finding, because this movement
was previously unknown.

LIFE HISTORY STUDIES

Robert B, Chapoton and
Rupert R, Bonner, Jr.

Homing behavior: Recapture of adult striped
bass tagged and released on the spawning
grounds in the Potomac River indicated that
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fish returned to the same stream to spawn
again. Cooperating fishermen captured 326
(29 percent) of the 1,110 striped bass that
were tagged. During the spring of tagging,
221 of the recaptures were made within the
river. In the spring following tagging, 36
tagged fish were recaptured within the river--
15 on the spawning grounds where the fish
had been tagged the previous spring and 21
downstream from the tagging site. In the
second spring following tagging, three tagged
fish were recaptured within the river--one on
the spawning grounds and two downstream from
the tagging site. Sixty-six of the recaptures



were made outside the river during summer
and fall. No tagged fish were recaptured on
the spawning grounds in any other river during
the spawning season.

Tag mortality: Experiments were com-
pleted on striped bass held in fresh-water
and salt-water ponds to determine tag loss
and tagging mortality. Each fish was marked
with an Atkins-type tag (fig. 9) attached by
sewing a 7-inch nylon loop through the back
of the fish below the second dorsal, allowing
the tag to trail over the caudal peduncle. To
inhibit fungus infections, fish were treated
with 1:10,000 malachite green solution for
2-1/2 minutes. A total of 106 fish, 53 tagged
and 53 controls, were held in the fresh-water
pond. All died within 4 weeks. Severe infesta-
tion by the copepod Ergasilus labracis was a
contributing factor. Eighty-six fish, 43 fish
and 43 controls, were held in the salt-water
pPonc No mortality occurred until the B8th
eek, when 22 percent of the tagged fish and
38 percent of the controls died. Total tag
loss was 27 percent, all of which occurred
during the 7th and 8th weeks, The experiment
was terminated at the end of the 8th week,

Growth rate: Preliminary analyses of age
and growth rate data for striped bass from
Albemarle Sound showed that the growth rates
of males and females were similar for the
first 3 years of life., After striped bass
reached age 4, the increase in length and
weight of females was significantly greater

than that of males. The most growth in
length was made by both male and female
fish in the second year of life, when the

annual growth increment was approximately
7 inches (fig. 10).

Compensatory growth: The scale growth
increments of 2,511 stripedbass, representing
the 1953-56 year classes in Albemarle Sound,
N.C., were studied mathematically (linear
regression analyses) to determine if com-
pensatory growth occurred and if the amount
of growth differed among the year classes,
For each year class, compensatory growth
occurred in years 2 and 3 but not thereafter,
There was no significant difference in the

amount of compensatory growth, as measured
by the regression coefficients, among the year
classes,

Figure 9.--Atkins-type nylon streamer tag used for marking striped bass (A), and algal growth on tag after the
fish had been released for 8 weeks in fresh-water pond,
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Figure 10.--Growth curve (A) and annual growth increment (B) for striped bass in Albemarle Sound,
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RADIOBIOLOGICAL PROGRAM

T. R, Rice, Chief

Investigations of the Radiobiological Pro-
gram continued to be concerned with radio-
ecology, the accumulation of radionuclides
by marine organisms, and the effects of radi-
ation of marine organisms. Special effort was
made in the laboratory to duplicate conditions
which exist in the natural environment so that
data collected in the laboratory could be used
to predict the cycling of radionuclides in the
marine environment. In addition to completing
experiments on the uptake and accumulation
of specific radionuclides by individual species
of fish, mollusks, plankton, and crustaceans,
we observed the cycling of these nuclides in
large laboratory tanks containing communities
of organisms and sediments. The concentra-
tion of the stable element as well as its
radioisotope was measured. The Bureau of
Commercial Fisheries and the U.,S. Public
Health Service completed a cooperative radio-
ecological survey on the Savannah River estu-
ary this year. Blood characteristics of several
species of marine fish were ascertained in
preparation for a study of the effect of external
radiation on these fish. Also, the effect of
postirradiation treatment of brine shrimpeggs
was observed.

ACCUMULATION OF RADIONUCLIDES
AND THE EFFECT OF RADIATION
ON PLANKTON

T. R. Rice
and
Marianne B, Murdoch

Animal life in the oceans is dependent either
directly or indirectly upon the photosynthetic
activity of unicellular algae. Phytoplankton
throughout the great expanse of the oceans
grows in the upper few hundred feet. The
small size of phytoplankton organisms assists
them in remaining suspended, while their vast
numbers and large surface to weight ratio
provide a tremendous area for direct adsorp-
tion of elements. Phytoplankton affects its
environment by removing nutrient elements
and their radionuclides, by changing the pH,
and by excreting biologically active substances.
Not only does it serve as food for filter-
feeding organisms while alive and in suspen-
sion, but after death it settles to the bottom
where it either becomes food for detritus-
feeders or decomposes and returns to the
environment nutrient elements used in the
synthesis of organic substances.

Efforts are being continued, in the labora-
tory, to duplicate conditions under which
phytoplankton grow in the natural environment,
and, on the basis of data collected in the
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laboratory, to predict the possible role of
phytoplankton in cycling radionuclides in na-
ture, We compared the population of cells
(Chlamydomonas) obtained in a continuous
flow system with (1) sea water containing
naturally occurring organic substances and
(2) sea water in which these substances had
been destroyed by cotton filtering and auto-
claving. The production of cells in the two
types of sea water was compared between
the fourth and sixth days, In most instances
the largest number of cells was produced
in sea water that had been treated (fig. 11).
We suggest that this increased number of
cells was produced by the disruption of or-
ganic substances that are broken down by
heat and that act as growth retarders.

In the natural environment, the turbulence
of the water varies with time and space. A
phytoplankton cell must come in contact with
an ion or colloidal particle to become asso-
ciated with it. To determine whether turbu-
lence of the medium would have any effect
upon the level to which zinc 65 could be con-
centrated by phytoplankton, a culture of
Chlamydomonas containing zinc 65 was divided
into three equal parts., One part was not
stirred, while the other two were stirred
at different rates, Cells grown in the media
that were stirred concentrated more zinc 65
than cells in the medium that was not stirred.
Also, the more rapidly the medium was
stirred, the higher the concentration factor
for zinc 65.

We followed the accumulation of zinc 65 by
three species of algae maintained in the water
of an experimental environment that contained
a community of marine organisms. To follow
this accumulation without influencing the up-
take of zinc 65 by the animals in the experi-
ment, we placed algal cells in sea water
retained in a semipermeable membrane bag.
The distribution of radioactivity obtained by
averaging data collected for 4 days for each
of the cultures showed that zinc 65 was con-
centrated to a higher level by Carteria than
by either Chlamydomonas or Nitzschia cells.

We followed the concentration of zinc 65
from sea water by the brine shrimp, Artemia
salina, a laboratory animal that satisfied
many of the requirements of a planktonic link
in the food web (fig. 12). The Artemia were

maintained in 1,200 1. of sea water in a
plastic container., Daily measurements of
the radioactive content of these animals

showed that zinc 65 was taken up for the first
4 days. After this time, there appeared to
be no further uptake of zinc 65. The con-
centration factor, however, continued to in-
crease due to a decrease of radioactivity in
the water.
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Figure 11.--Relative production of Chlamydomonas cells in sea water in which organic substances have been
destroyed (broken line) compared with cell production in sea water containing organic substances (solid

line),

ACCUMULATION OF RADIONUCLIDES
BY SEDIMENTS

Thomas W. Duke

Sediments can remove radionuclides from
sea water by sorption. In many instances,
this sorption phenomenon can reduce the
possibility of contamination of marine orga-
nisms by decreasing the concentration of
nuclides in the water. Conversely, by con-
centrating radioactivity that otherwise might
be dispersed through the hydrosphere, sedi-
ments could provide a reservoir of radiation
to which bottom feeders and their predators
would be exposed. Also, sediment-sorbed
radioactivity deposited in an estuary or in
littoral waters could be subject to continual
sea water "washing'' through turbulence and
tidal action. Animals could become radioactive
by exposure to leaching activity even though
they did not actively feed on the sediments.

We exposed brine shrimp to either zinc 65,
cesium 137, or cobalt 60 in sea water with and
without sediments. The radioactive content
of each component in the system was com-
pared on a counts per minute per gram
(c.p.m./g.) wet weight basis. When exposed
to sea water containing zinc 65 and sediment,
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brine shrimp concentrated only 44 percent
as much radioactivity as those exposed to
zinc 65 in sea water only. Although cobalt 60
was not adsorbed by the sediments to the
same degree as zinc 65, the concentration of
cobalt 60 by brine shrimp was significantly
reduced in the presence of sediments, Of the
three isotopestested, cesium 137 was accumu-
lated the least by both clay and animals.,

Montmorillonite clay, labeled with either
zinc 65, cobalt 60, or cesium 137, was submitted
to successive sea-water washings (fig. 13).
The initial wash removed some of each of the
isotopes from the clay. Although the clay took
up relatively little cesium 137 from sea water,
four washings failed to remove more than 22
percent of the isotope. However, 84 percent
of the cobalt 60 was removed after washing.

We observed the accumulation of two radio-
active metals, zinc 65 and gold 199, by sedi-
ments maintained in large volumes (1,000 1.
or more) of sea water. Although the chemical
form of the two isotopes in sea water is dif-
ferent (zinc 65 is ionic, gold 199 is colloidal),
their rates of sediment-sorption were similar,
An apparent steady state between the concen-
tration of each isotope in the water and their
concentration in the sediments was reached in
approximately 240 hours.
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{ULATION OF RADIONUCLIDES
~ AND THE EFFECT OF
RADIATION ON MOLLUSKS

Thomas J, Price

i

Mollusks live in estuaries, which are poten-
tial areas of radioactive pollution, These ani-
mals feed by filtering suspended matter from
large volumes of water passing through their
gills, and thus are extremely susceptible to
contamination from radioactive material,

The uptake, accumulation, and loss of
cerium 144, gold 199, and zinc 65 by the hard
clam, Mercenaria mercenaria; the oyster,
Crassostrea virginica; and the bay scallop,
‘ o’g pecten irradians, were measured in

oratory experiments. The hard clams lost
cerium 144 rapidly for the first 45 days, more
slowly thereafter. After 195 days, only 20
percent of the original radioactivity remained
in the animals, After 35 days the bay scallop
shells had lost 55 percent of the initial activ-
ity, adductor muscle 62 percent, and the
visceral mass 89 percent (fig. 14), Tissue
distribution of cerium 144 in the bay scallop
indicated that the shell contained the greatest
amount of the nuclide, followed by liver, gills,
kidney, foot, heart, gonads, mantle, lower
intestinal tract, and adductor muscle,

The uptake of gold 199 by both the clams and
their separated shells was rapid during the
first 8 days and then diminished for the
remaining 15 days of the experiment (fig. 15).
At the completion of the experiment, the
clams contained 3.6 times the amount of
activity found on the shells., Clams placed
in montmorillonite clay contained 38 percent
less of the gold 199 after 23 days than those
animals placed directly into the radioactive
sea water,

A comparison was made of the accumula-
tion of zinc 65 directly from the water by
clams and oysters, Clams accumulated zinc 65
at a slower rate than oysters per unit weight
(fig. 16), At 2] days, the concentration factor
for radioactive zinc in the clams was 40.3
while that in the oyster was 336.6. At that
time, there was no indication that the maxi-
mum uptake of zinc 65 had been reached in
either organism,

Data collected in these experiments will aid
in interpreting the metabolic role of radio-
nuclides as well as their nonactive isotope.
Also, if they become polluted by radioactivily,
we need to know how long mollusks require
to eliminate the nuclides, Such information is
necessary to determine when they will again
be safe to use as food.
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ACCUMULATION OF RADIONUCLIDES
AND THE EFFECT OF
RADIATION ON CRUSTACEANS

George H, Rees

The blue crab, Callinectes sapidus, was
selected as the experimen ui_rrl\’ﬂ—ror this

year's studies on the metabolism of radio-
nuclides by crustaceans. As an estuarine
species, blue crabs are a part of the marine
community that appears most likely to be
exposed to radioactive material in any appre.
ciable concentration, As bottom dwellers and
as omnivorous predators and scavengers,
blue crabs are, at one time or another, in
contact with virtually all of the components
of their environment. If one or more of these
components contain radignuclides, it is likely
that eventually crabs will accumulate these
nuclides,

Using cerium 144, we isolated and followed
in the laboratory three major pathways by
which blue crabs can accumulate an i{sotope
from sea water. The pathways investigated
were (1) absorption from the gastrointestinal
tract, (2) absorption through the carapace,
and (3) absorption through the surfaces of the
gills and gill chambers,

To observe the morement of cerium |44
from the digestive tract, we infected the iso-
tope directly into the cardiac stomach of the
crab, The gills were the only tissue in which
radioactivity was detected 24 hours after the
injection (with the exception of the warious
parts of the alimentary canal). So that the
passage of cerium 144 through the carapace
could be observed, a plastic petri dish con.
taining the isolope in sea waler was inverted
and fastened with beeswax to the dorsal sur.
face of an adult blue crab, After 5 days in
running sea water, the animals were dissected
and the various tissues measured for radio-
activity, Small amounts of cerium |44 were
detected in all tissue samples, while the most
active, tissues were Bhe gut and digestive
gland,

The importance of the gill chambers as a
site for the uptake of cerium |44 was investi.
gated by pipetting sea water into esach of the
crab's two gill chambers. After periods of
3 and 4 days, the animale were sacrificed
and the tissues measured for contained radio.
activity. A total of 10 percent of the amount
of cerium 144 originally introduced into the
chambers was distributed to other parts of
the body. Of the three pathways investigated,
movement from the gill chambers into the
tissues was the most rapid,
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Figure 14.--Loss of cerium 144 by components of the bay scallop,

The retention of cerium144injected directly
into the infrabranchial blood sinus was fol-
lowed for a period of 6 weeks. We measured
the percentage of activity remaining in the
animals each day of this period. As indicated
in figure 17, the loss was rapid for the first
2 days and then slower and fairly constant
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until the 30th day, when it began to show
signs of leveling off. At the end of 6 weeks,
50 percent of the original radioactivity re-
mained.