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Report of the 

Bureau of Commercial Fisheries 

Biological Laboratory 

Beaufort, N.C. 

For the Fiscal Year Ending June 30, 1967 

ABSTRACT 

Results of biological research in the Anadromous Fish, Blue Crab, and Men
haden Programs are discussed. Major topics include abundance, distribution, and 
survival of blue crab and menhaden larvae, juveniles, and adults; results of men
haden tagging studies; and details of the 1966 menhaden fishery. Other activities 
of the laboratory staff, and publication for Fiscal Year 1966, are listed. 

REPORT OF THE LABORATORY DIRECTOR 

Kenne th A. Henry 

Research at this laboratory is directed 
mainly towards the American shad, the blue 
crab, and the Atlantic and Gulf of Mexico 
menhadens. Our studies relating to the shad 
have been concerned principally with fish pas
sage dams, whereas with the blue crab and 
menhaden we want to describe and examine the 
main features of the life history, measure the 
effects of certain environmental factors on sur
vival, and develop methods for predicting future 
abundance to the fishery. Our menhaden studies 
also are aimed at defining the causes offluctua
tions in abundance and determining the level 
of optimum utilization. 

The anadromous fish program was discon
tinued at the end of the fiscal year. We are 
preparing manuscripts that will contribute 
greatly to the understanding of the shad re
source along the Atlantic coast. Much of the 
research under this program was in con
junction with other Federal andStateagencies, 
and its success was due mainly to the fine 
cooperation among the various individuals and 
agencies concerned, both in the field work and 
in the preparation of the manuscripts. 

Our blue crab program has two major re
search projects. One project is to determine 
a relation between the abundance of juvenile 
blue crabs in Core Sound, N.C., and the sub
sequent abundance of marketable crabs. If 
this relation can be learned it will permit us 
to provide the industry with reliable predic
tions on the expected abundance of crabs so 
it can better prepare for the coming fishing 
season. This project also is providing con
siderable data on how young crabs are dis
tributed in this estuarine area by time and size 

of crab. The second project is to measure how 
extremes of temperature, salinity, and dis
solved oxygen affect the survival of blue crabs. 
This information is needed for evaluating the 
cause of mass mortalities in nature. Reduc
tions in personne l and money for the blue 
crab program have considerably reduced the 
extent of our research. 

Research on the Atlantic and Gulf of Mexico 
menhadens was greatly inc reased the past year. 
The budget was almost doubled , and 14 new 
positions were added. Most of the increased 
research was in our Atlantic menhaden tagging 
program. This year we had tagging crews in 
Florida, North Carolina, New York, and Chesa
peake Bay. Recoveries from the tagging should 
provide us with the first positive data on cer
tain aspects of the population dynamics and 
migrations of these fish. 

Our studies on the estimation of the abund
ance of juvenile menhaden in the Gulf of 
Mexico also were expanded. Because we have 
had considerably more difficulty in obtaining 
reliable estimates in the Gulf than we have 
had on the Atlantic, this year we significantly 
increased the number of streams surveyed in 
the Gulf. This increased coverage should give 
us much more reliable estimates of abundance 
in our future work. We have begun studies to 
measure larval abundance and time of entry 
into the estuaries. These data will supplement 
our estimates of juvenile abundance. 

We have not been able to expand our early 
life history studies , although we believe this 
area of study is very important inunderstand
ing the life history of the menhaden; and the 
size of the year class well may be determined 



at early s t ages. This work will require a 
suitable vessel for systemat ic surveys of the 
spawning areas . 

Research is under way in the Laboratory to 
determine how menhaden react physiologically 
to t he various environments through which 
they pass during different periods oftheir early 
life history. We also want to determine what 
factors govern their schooling and feeding be
havior. 

ANADROMOUS FISH 

All the field work under this program was 
completed, including the cooperative studies 
on the Susquehanna River to determine the 
suitability of the area above the dams for 
shad, and work was concentrated on preparing 
manuscripts on this work. Fifteen reports were 
either published or submitted for publication 
during the year. This program was terminated 
at the end of fiscal year 1967. 

BLUE CRAB 

In our studies in Core Sound, N.C., we are 
attempting to establish a relation between the 
abundance of juvenile blue crabs and the sub
sequent abundance of marketable size crabs, 
so that we can give the industry predictions on 
expected abundance. We have determined that 
crabs less than 1-1/ 2 inches wide are most 
abundant in this area in January through March. 
Thus, it might be possible to establishanindex 
of abundance by sampling only during this 3-
month peak period rather than every month 
throughout the year. The catch per unit of 
effort of juvenile blue crabs was better in the 
creeks than in the bays and sounds; we believe 
the catch data for creeks should be used to 
establish an index of abundance for juvenile 
crabs. 

This study also has shown that blue crabs 
have molted several times before they enter 
the estuary from the area where hatching, 
metamorphosis, and early development occur. 
This delayed entry after as long as 6 months 
indicates a much longer oceanic existence 
than we originally supposed and would permit 
the movement of young blue crabs long dis 
tances from where they were spawned. 

Studies on how varying salinitie s and t e m
peratures affect the tolerance and r egulati on 
of blood concentration of blue c rabs indicate 
that the greatest change in their b lood c on
centrations occurs within 6 hou rs after the 
crabs are transferred f rom s ea w ate r t o a 
more dilute medium. Changes b eyond 24 h ours 
are nonsignificant. C rabs in any particular 
dilution of sea wat er generally hav e h i gh er 
blood concentrations a t decrease d tempera
ture; a nd the sexes ex h ib i t ed no signifi c ant 
differences in r egulat ory ability. 
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MENHADEN 

The 1966 ca t ch o f Atlant ic menha d e n , 4 8 3 
million pounds, was the smalles t since 1940; 
t he cat ch has declined 62 percent in the pas t 
5 years . Fishing was so poor in the Middl e 
A tlant ic a r ea that two menhaden plant s closed 
during the fishing season. Fishing int ensity de 
clined in most other Atlantic fishing areas but 
remained at a record high level in Chesapeake 
Bay. Catch per unit of fishing effort decreased 
in all areas except the North C a rolina fall 
fishery in which fishing was better than ex 
pected. Because fishing had stopped earlier in 
the summer in the Middle Atlantic area, more 
fish were available to migrate southward to 
North Carolina during the fall spawning migra
tion. 

The catch of menhaden in the Gulf of Mexico 
amounted to 788 million pounds, 22 percent 
below the previous year and the lowest catch 
since 1960 . The catch per vessel week, unad 
justed for vessel efficiency, was the smallest 
since 1959, whereas the total number of vessel 
weeks increased 29 percent over 1965. 

The catch of young-of - the-year (age-O) At
lantic menhaden was 304 million fish; 24 per 
cent of the total landings and about three times 
more than in 1965. We estimate that the catch 
in the Chesapeake Bay area was 177 million 
age- 0 fish. The catch of these small fish, which 
yield Ii ttle oil, ha s inc reas ed s ignificantl y in the 
past 5 years and is attributable, atleast in part, 
to the continuation of fishing in t he bay later 
in the season in recent yea rs. 

In the Gulf of Mexico fishery the catch o f 
age-l fish appeared to be les s than half as 
large as in the previous year. This dropprob 
ably reflects the rela t ively low abundance of 
the 1965 year class. 

We completed a critical analy s is of our catch 
sampling procedures and de t erm ined that our 
20-fish sample was more tha n sufficient, a t 
least for the Atlant ic, although the precision o f 
the estimates of age compo s ition could be im 
proved by sampling fr o m m o r e b oats . 

One of our biolo gi sts , William F. H e ttler , 
Jr " took some exce llent p ho t omi c r o graph s of 
living Atla n t ic m enha d e n embryo s and l arv a e 
which he h a d colle cted and reared. In t h ese 
phot og raph s he note d protruding organ s along 
t he side s of the l a r v ae . T h ese o rgans , which 
for m a p r i m i t ive lateral line , o r s e ns o r y s y s
t e m , h a ve not b ee n pre v iously reported for 
m enha den a nd a r e o f particular interest since 
olde r menh aden appear to lack a lateral line . 
T he importanc e o f these organs will be studied 
furthe r. 

Ou r preliminary tests on the response of 
y oun g menhaden t o certain environmental fac
tors suggest that these fish may undergo a 
seasonal change in salinity preference that re
flects the changing conditions they encounter in 
their lives. For example, juveniles in July 
preferred lowto intermediate salinity, whereas 



in August their preference changed to inter
Inediate and high salinity. This shift would 
correspond with their return to the sea after 
several weeks in nearly fresh water. 

On a charter cruise aboard the Bureau of 
Sport Fisheries and Wildlife, Sandy Hook 
Marine Laboratory R.V. Dolphin inDeceInber, 
a large, dense concentration of live Atlantic 
Inenhaden eggs was discovered about 40 Iniles 
off New River Inlet, N.C . This discoveryhelps 
verify SOIne of our hypotheses about the tiIne 
and place of Inenhaden spawning. 

A series of field experiInents yielded evi
dence that the Gulf Inenhaden was capable of 
hybridizing with the less iInportant yellowfin 
Inenhaden, and in certain areas they apparently 
do hyb ridize. 

In our first year of tagging Atlantic Inen
haden, nearly 183 ,000 were tagged with an 
internal Inetal tag and released in waters 
off North Carolina. Actual recoveries onInag-

netic tag recovery equipInent in the fish Ineal 
plants represent over 4-1 / 2 percent of the first 
year 's releases. PreliIninary analyses of the 
recoveries to date indicate: (1) a rather in
tense fishery, particularly in Chesapeake Bay, 
and (2) a subsequent northward InoveInent of a 
considerable portion of the Inenhaden tagged 
off North Carolina in the SUInIner and fall. 

Data froIn our studies of the abundance of 
juvenile Inenhaden indicated that the 1965 year 
clas s of Atlantic Inenhaden would be one of the 
poorest on record. This finding was verified 
by subsequent catches during the 1966 fishing 
season. We estiInate that the 1966 year class 
was better than 1965 but still poor. Catches 
to date have tended to verify these conclusions 
also. PreliIninary estiInates are that the 1967 
year clas s will be poorer than 1966 on both the 
Atlantic and Gulf coasts and Inay be as poor as 
1965. 

ANADROMOUS FISH PROGRAM 

Randall P. Cheek 

Field studies on anadroInous fish along the 
Atlantic coast were cOInpleted, and Inost of 
the year was spent on the preparation of re
ports on fish passage probleIns at various 
existing or proposed barriers along the east 
coast and on the analysis and reporting of data 

on AInerican shad and striped bass. Fifteen 
reports were either subInitted for publication 
or published during the year b y prograIn per
sonnel. The aiIns of this prograIn have been 
achieved, so the prograIn was terIninated at the 
end of the fiscal year. 

BLUE CRAB PROGRAM 

George H. Rees, Chief 

Research on the blue crab was confined to 
two continuing projects. One is to develop a 
Inethod for estiInating juvenile abundance so 
that abundance of adults can be predicted, and 
the other is to deterInine how certain physical 
factors affect survival. InforInation froIn the 
latter project Inay help us assess the cause 
of Inas s Inortalitie s in nature. 

Each Inonth since January 1965 we have 
saInpled for the abundance of juvenile blue 
crabs in Core Sound, N.C. We have found 
only Ininor differences between the two COIn
plete years for which we now have data-
differences which are possibly too sInall to be 
significant. We have shown that crabs less 
than 1-1 / 2 inches wide reach a peak of abund
ance in the estuary in January, February, and 
March. It should be possible to establish an 
index of abundance for a year class by saInpling 
during their peak period rather than every 
Inonth of the year. We hav"e also shown that 
blue crabs enter the estuary after Ineta
Inorphosis froIn Inegalops larvae and after 
they have gone through several Inolts as 
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crabs. They do not begin to appear in the 
estuary in significant nUInbers until about 6 
Inonths after hatching has begun. This delayed 
entry into the estuary has considerable sig
nificance since it indicates a Inuch longer 
oceanic existence than had previously been 
supposed and would allow the young crabs to 
be transported long distances froIn where they 
were hatched. 

Mass Inortalities of blue crabs are frequently 
reported in nature, and atteInpts Inade to 
correlate these kills with changes in the en
vironInent. The tolerance of blue crabs to 
extreInes of teInperature, salinity, and dis
solved oxygen is not known; W~ began a series 
of experiInents that will eventually test a large 
nUInber of cOInbinations of these variables to 
learn which cOInbinations Inay cause Inortality. 
With this inforInation we will be better able to 
interpret observations of Inass Inortalities in 
nature and to anticipate the possible effects of 
extreInely cold winters, extreInely hot SUIn
Iners, or of abrupt changes in the environ
Inent. 



ABUNDANCE AND DISTRIBUTION OF 
JUVENILE CRABS 

Mayo H. Judy 

Study of the blue crab resource in Core 
Sound, N.C., began in November 1964. This 
area was selected because it is small enough 
to be sampled intensively, yet large enough to 
be representative of many areas that are im
portant in the production of blue crabs. The 
sound is about 35 miles long and has an aver
age width of about 2- 1/ 2 miles. It connects 
with the ocean through three inlets and opens 
into Pamlico Sound at its northern end and 
into North River and Back Sound at its southern 
end (fig. 1). 

PAMLICO SOUND 11 
<I 

Figure l.--Core Sound, N.C. 
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The main aim of this study is to be able to 
make reasonable predictions about the annual 
supply of marketable size crabs. We are ap
proaching this objective by establishing an 
index of abundance of juvenile crabs in various 
size classes in the sound, by season and by 
year. We will relate this index to the catch 
per unit of effort in the commercial fishery, 
which is our best measure of adult abundance. 
If a direct relation can be shown to exist, we 
should be able to use the abundance of the 
juveniles to predict the supply of marketable 
size crabs. 

This study area includes four distinct habi
tats: (1) the sound itself, (2) the inlets, 
(3) some large bays on the mainland side of 
the sound, and (4) many small creeks, some 
of which empty into the bays on the mainland 
side and others which empty directly into the 
sound on the outer banks side. After much 
exploratory trawling throughout the study area, 
we chose 14 sound and bay stations and 9 
creek stations as regular sampling sites. 

During this study we have used three prin
cipal methods for collecting information on 
blue crabs: (1) trawling with our own gear, 
(2) taking regular samples of the commercial 
catch, and (3) collecting catch and effort data 
from the commercial fishery. We used two 
boats in our trawl sampling: a small trawler 
in the sound, bays, and inlets, and a 16-foot 
skiff in the small, shallow creeks. 

In the sound, bays, and inlets, we used a 
20-foot trawl with 7 / 8-inch mesh material ln 
the body and S/ 8-inch mesh in the tail bag. In 
the creeks we used two 9-foot trawls, one with 
7 8-inch mesh body and 1/ 4-inch mesh bag 
and the other with 1 4-inch mesh body and 
1 16-inch mesh bag. Trawls were pulled for 
a measured length of time, and information 
was collected on the number, size, and sex of 
all blue crabs. Temperature and salinity also 
were recorded. 

The Sound, Bay, and Inlet Waters 
We have collected samples with the large 

trawl in open waters of the sound, bays, and 
inlets over a 2-year period. Our samples in 
the sound were composed of about equal num 
bers of immature and mature crabs, whereas 
samples in the bays contained about 80 percent 
immature and 20 percent mature crabs. The 
increased catch of immature crabs in bay and 
sound waters during the summer and fall sea 
sons reflected the movement of immature crabs 
from the creeks in the early spring. The gradual 
decline in the abundance of immature crab s in 
thes e waters beginning in October probably was 
due to the approach of maturity of immature 
crabs. 

Although the catch per minute of immature 
crabs in these open waters averaged only 0.6 
crab in the sound and 1.1 in the bays and was 



low compared to our catch per minute of 
immature crabs in the small creeks which 
empty into the bays and sound, we believe it 
to be a good measure of juvenile abundance 
in these open waters. This belief is based on 
findings reported in the annual report of the 
Bureau of Commercial Fisheries, Biological 
Laboratory, Beaufort, N.C., for the fis cal year 
ending June 30, 1966. That report showed that 
our trawl catches of adult crabs fluctuat ed in 
much the same manner as pot catches of adult 
crabs in the commercial fishery (catch and 
effort in the commercial fisheryis, at present, 
the best measure available of adult abundance; 
we used this standard to measure the effective
ness of our trawl gear). We assumed, there
fore, that the trawl was just as efficient in 
capturing crabs less than commercial size 
as it was in capturing those of commercial 
size. 

Trawl samples from the inlets were com
posed mainly of mature females, a small 
number of mature males, and occasionally a 
few immature crabs. Most females in the in
lets had either a sponge (egg mass on the 
abdomen) or a remnant sponge (after the eggs 
have hatched). These waters, therefore, are not 
very suitable sampling areas for immature 
crabs. 

In addition to our samples with the large 
trawl in the sound, we also sampled with 
small mesh trawls in the shallow, sandy, 
g ras s - bottomed areas at or near to the mouths 
of the small creeks. These areas of the sound 
have, at times, produced an abundance of im
mature crabs. The catch of immature crabs 
per minute in these waters is related to the 
movement of small crabs into and out of the 
small creeks. Figure 2 shows our catch of 
immature crabs in the shallow, grassy areas 
of the sound from June 1966 through May 

20,----------------------------------------------, 
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Figure 2.--Catch of juvenile blue crabs less than 1-1/2 
inches wide and the total catch of juveniles per minute 
on the grass beds at the mouth of creeks in Core Sound, 
N.C., June 1966 to May 1967. 
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1967. The catch per minute increases in the 
fall when very young crabs move from the 
ocean into the sound and then into the creeks. 
It increases again, in the spring, when the 
immature crabs move from the creeks into 
the sound. In November we have the first 
noticeable influx of small crabs, the catch per 
minute is highest by December, and in January 
the catch is approaching that of November. 
During these 3 months, early-stage crabs 
show major movement from the ocean into 
these small creeks. Crabs measuring 1-1 / 2 
inches or less account for a very large per
centage of the total catch of immatures from 
November through May. From June through 
October, when few small crabs are entering 
from the ocean and when growth is very rapid 
within the estuary, larger crabs make up a 
high percentage of the total catch of immature 
crabs. 

Data collected in these waters of the sound 
can be us ed to show size - clas s dis tribution 
by area and by season, as well as movement 
through these areas. 

Creeks 

Marshland bordering Core Sound is drained 
by many small creeks that empty directly into 
the sound on the outer banks side , and into 
the bays on the mainland side. Nine creeks, 
four on the mainland side and five on the 
outer banks side, were selected for repeated 
sampling. We us ed two 9-foot trawls of dif
ferent mesh size, pulled from a 16-foot out
board boat , fo r checking abundance of im
mature crabs in these shallow, soft-bottomed 
areas. 

We began sampling these creeks in January 
1965, and the distribution of immature crabs 
as to abundance, size, and season has been 
closely similar for comparable periods in 
1965, 1966, and 1967. A very high percentage 
of the crabs caught in these waters are less 
than 1-1 / 2 inches wide, and these small crabs 
are most abundant from late fall through early 
spring. Small crabs are not again available in 
the creeks in large numbers until the following 
winter. 

Even though we have sampled in the small 
creeks over a 30-month period, data pre
sented here cover only 24 months, from June 
1965 to May 1966 and the same period in 
1966- 67. Each of these two time periods ex
tends approximately from one spawning sea
son until the beginning of the next, 1 year later. 
Data collected from January to May 1965 in
clude only a portion of one complete period; 
this information will be used, therefore, only 
as a basis for comparing individual monthly 
catches and the catch per minute. 

Comparison for two time periods in figure 3 
which shows the catch of immature crabs per 
minute for June-May 1965-66 and June-May 
1966-67. In October or November the 
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Figure 3.--Catch of immature crabs per minute in creeks 
of Cor e Sound, N.C., June 1965 to May 1967. 

y oung-of- the- y ear crabs begin moving from the 
ocean, where the eggs are hatched, into the 
estuaries; this influx of crabs is evident by 
the increase in our catch of small crabs per 
minute in the creeks. This movement of crabs 
into t h e estuaries continues until a peak of 
abundance is reached sometime between Jan
uary and March. Then, in April when the 
major influx from the ocean is over and small 
crabs begin to leave the creeks, abundance 
declines. The catch per minute continues low 
in t h e creeks until a new young-of-the-year 
group of crabs appears in October and Novem
ber. 

The immature crabs in our creek samples 
have been separated into three size groups: 
crabs that are 1-1 / 2 inches or less; those 
between 1-1/ 2 and 3 inches; and those between 
3 and 4-3/ 4 inches. Figure 4 shows the catch 
per minute of each size group by monthly 
intervals over a 2-year period. The time of 
year when young-of-the-year crabs start to 
populate the small creeks is clearly apparent. 
In November, the smallest size group has the 
highest catch per minute, and this group con
tinues to dominate catches through April. The 
catch per minute is similar for all three size 
groups in April through October. 

The catch of immature crabs in the small 
creeks and the catch of immature crabs in 
shallow sound waters adjacent to the creeks 
are compared in figure 5. The pattern of 
movement of small crabs in these two closely 
as s ociated habitats is obvious. Both areas 
appear to be unusually good sampling sites 
for immature crabs. Except for 2 to 3 months 
within a 12-month period, immature crabs of 
va rying size s, from a few tenths of an inch to 

6 

20 

1 V, Inch .. Or leu 

15 3 To 4% Inch •• 

:; 
z 
i 
a< 

\ 

\ 

/ 

\ / 

,/ 

,. 
/ ~ 

/ 1 
/ i 

~ lO-
/ , 

a< 
~ .. 
~ 
::> 
Z 

"-, ... , ... , ... , --

/ 

/ 

/ 

/ 

! , 1 

~ 
\ 

----...... 
. ' """''''''' ...... 

-----"'''' ---

JUNE JULY AUG SEPT OCT NOV DEC JAN FEB MAR APR MAY 

Figure 4.--Catch of immature crabs per minute in the 
creeks by size class. Two years of data are combined. 
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Figure 5.--Catch of immature crabs per minute for two 
comparable periods in tbe creeks and for one period in 
adjacent sound waters. 

just before commercial size (5 inches), are 
usually abundant in the creek or near the 
mouths of creeks. 

The average catch of immature crabs per 
minute in the creeks was slightly higher for 
the 1966-67 period than in 1965-66. In 1965 - 66 
we caught 5.7 crabs per minute (from a low 
of 0.6 per minute in June to a high of 21.4 in 
March). In 1966-67 we caught 8.4 crabs per 
minute (from a low of 2.1 in September to a 
high of 21.9 in January) . This difference be 
tween years is not great enough to indicate 
any significant changes in the a bundance of 
juvenile crabs. 

Since the catch of juvenile crabs per minute 
in the small creeks is considerably more than 



in the sound and bays, we feel that the creek 
data should be used in establishing our index 
of abundance of juveniles for the Core Sound 
area. 

Data on immature crabs collected through
out the two time periods will be used as base 
data for comparison with future collections. 
Any changes in the abundance of juveniles in 
these waters could then be related with any 
subsequent changes that might occur in the 
commercial fishery. Data collected with our 
gear in different habitat areas, and especially 
in the small creeks and adjacent sound waters, 
provide the information we need to study 
trends that possibly could affect the commer
cial fishery, but additionalinformationmustbe 
collected before we predict the annual supply 
of marketable size crabs. 

Commercial Catch 
Samples of the commercial catch in Core 

Sound have been collected for most months 
since the study began. 

The Core Sound fishery is based almost 
entirely on mature females, which make up 
about 90 percent of the catch. Mature female 
crabs may be classified as sponge and non
sponge crabs. Sponge crabs (those with an 
egg mass attached to the abdominal flap) are 
present in the sound from April through 
Septemb~r , and occasionally in October and 
early November. From April through July, 
each year, sponge crabs constituted about 
40 percent of the catch. Peak spawning oc
curred in May and July, when the catches had 
more than 50 percent sponge crabs. 

Catch and effort statistics have been col
lected for the Core Sound fishery since Novem
ber 1964. We recorded data on the number of 
boats used in crabbing (the number of fisher
men per boat varies from one to three), 
pounds of crabs, number of pot- or trawl
days, and pounds of crabs per pot- or trawl
day for each month. 

The blue crab fishery in Core Sound ex
tended over all 12 months in 1965 and 1966 
and probably will be year around in 1967. The 
catch in 1965 and 1966 fluctuated from month 
to month; such factors as crab availability, 
price, weather, and other fisheries (mainly 
shrimp and oyster) affected the blue crab 
fishery. The percentage by month of the 1965 
blue crab catch ranged from 3.6 percent in 
September to 23.9 percent in November. In 
1966, the range was from 0.6 in February to 
14.7 in April. The percentages differed con
siderably, but the total catches for the 2 
years were closely comparable. The blue 
crab catch in Core Sound was 1,630,501 lbs. 
in 1965 and 1,612,893 Ibs. in 1966. The catch 
per unit of effort has also varied somewhat 
between months within a year and between 
comparable months of the 2 years, but the 
catch per unit of effort was rather stable. 

Total catch in the 2 years differed little, and 
the catch per unit of effort was nearly UnI

form. 
We believe that continued collection of 

catch and effort data, combined with sampling 
for juveniles will enable us to determine 
whether changes in abundance of juveniles 
are followed by changes in abundance of 
crabs of commercial size. 

SURVIVAL REQUIREMENTS OF JUVENILE 
AND ADULT BLUE CRABS 

Marlin E. Tagatz 

Mas s mortalities and fluctuations in num
bers of blue crabs have at various times 
been attributed to environmental factors -
unusually hot summers or cold winters, re
duced salinity, or low oxygen. Generally it is 
difficult to ascertain when environmental fac
tors become a threat to crabs because of the 
lack of knowledge of the survival require
ments of the various life history stages. Our 
studies currently consist of a series of ex
periments on the tolerance of adult crabs, 
acclimated under varying environmental con
ditions, to various combinations of tempera
ture and salinity. 

The blue crab is able to tolerate a wide 
range of salinity by regulating the exchange 
of salts and water between its internal and ex
ternal environment. Results of analysis of 
blood in a vapor pressure osmometer (fig. 6) 
indicated that it is the ability of this species 
to maintain the concentration of the blood 
higher than the water in which the animal 
lives (hyperregulate) that allows it to survive 
in waters of low salinity (fig. 7). Determina
tions of the total blood osmoconcentrations 

Figure 6.--Worker using a vapor pressure osmometer to 
determine the total osmotic concentration of the blood of 
blue crabs maintained at different salinities. 



Tabl e l.--Ability of crabs to regulate their internal environment in different salinities and at 
di ffe r ent t emperat ures . Averages and ranges are in osmoles per liter, and each represents 10 
animals he ld 24 hours at selected salinity and temperature 

Male Female (presponge) 
Sea water 

500 F. 680 F. 860 F. 500 F. 680 F. 860 F. 

Pet . Os ./l. Osmoles!l. --
100 1.16 1.06 1. 02 1. 05 1.04 1.01 1. 06 

(1. 00-1.12) (0 . 99-1. 08 ) (1. 02-1.10 ) (0 .98-1.08 ) (0 .98-1. 06) (1. 00 -1.12 ) 

50 0 . 58 0 .88 0 .83 0.81 0 .90 0 .84 0 .82 
(0 . 82 - 0 . 96) (0 . 82-0 .86 ) (0 .72- 0 .85) (0 .86-0.95 ) (0 . 80- 0 . 90) (0.76-0.84) 

5 0.06 0 . 68 0 . 65 0 . 59 0 . 58 0 . 65 0 . 58 
(0 . 60- 0 . 76) (0 . 56- 0 .71 ) (0.49- 0 .65 ) (0 . 51- 0.64 ) (0 . 61- 0 .73) (0 . 50- 0 .70) 
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Figure 7.- - The r elation between the concentration of crab 
blood and the concentration of the medium. 

after transfer of c rabs from sea water to 
more dilute mediums indicated that the greatest 
change in their b l ood o c curs within 6 hours 
after transfer; changes after 24 hours are not 
significant. We dete rmined the concentration 
of the blood of mature females which had not 
spawned and adult male s , held for 24 hours, 
in 5, 50, or 100 pe rcent sea water at 500, 680 , 
860 F. (table 1). Crabs in dilutions of sea 
water generally maintained higher blood con
centrations at decreased temperature. Al
though males a re t h e dominant sex in low
s alinity water and f e males in high- salinity 
water, their regulato r y ability was about the 
same in almost all o f t h e salinity -temperature 
combinations. Our cont inuation of the work on 
salinity acclimation may show that females 
with sponges and f e m ale s who have had 
sponges - -groups that s how an even stronger 
prefe rence for high salinity - - differ from males 
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Table 2 . --Tolerance of adult crabs to abrupt 
transfer between waters of different temper
ature, or salinity, or both 

Initial Receiving 
Mortalities 

among 10 
environment environment crabs 

Sea 
Tem-

Sea. Tem-
Fe-

water 
pera-

water 
pera-

males 
Males 

ture ture 

Percent o F. Percent o F. No . No. - - - -

50 41 50 86 1 0 
50 86 50 41 0 0 
10 41 50 41 0 0 
10 86 50 86 0 0 
10 41 50 86 0 1 
10 86 50 41 0 2 
10 41 10 86 4 5 
10 86 10 41 8 10 
50 41 10 41 6 8 
50 86 10 86 3 4 
50 41 10 86 6 5 
50 86 10 41 10 9 

and immature or newly mature females in 
their ability to regulate. 

To determine the effects of sudden changes 
on crabs, we mad.e abrupt transfers of adults 
between water of different temperature, salin
ity, or both. Crabs were held for 3 days before 
transfer (initial environment), and deaths were 
recorded for 3 days after transfer (receiving 
environment). The effects of abrupt changes in 
temperature were salinity-dependent. Crabs 
were tolerant to selected temperature dif
ferences when transferred to 50 percent sea 
water but not when transferred to 10 percent 



sea water (table 2). In transfers that involved 
change only in salinity, crabs were not as 
successful in adjusting to a decrease in salinity 
as they were to an increase in salinity. 

Resistance of crabs exposed to low or 
high temperatures depended on the salinity 
and the thermal history of the animal. Those 
in high-salinity water and acclimated up to 
21 days at temperatures near the extremes of 
their tolerance survived at least 24 hours at 
temperatures ranging from 320 to 100 0 F. 

Resistance was less in low salinity after short 
acclimation. To determine when temperature 
acclimation is complete we are comparing the 
average survival times of animals acclimated 
for different periods and exposed to lethal 
temperatures. This information will enable 
us to conduct a series of experiments to indi
cate the limits of thermal tolerance of blue 
crabs at different levels of acclimation and 
salinity. 

MENHADEN PROGRAM 

Joseph H. Kutkuhn, Chief 

Strengthened by a further increase in fund
ing, biological research on the Gulf and 
Atlantic menhaden proceeded along essentially 
the same lines described in our two most re
cent annual reports. 

Program personnel continued routine 
sampling of landings for size, age, and sex 
composition of the menhaden resource and 
concurrently obtained detailed information on 
catch and fishing effort. 

Further analysis of statistics collected reg
ularly along the east coast since 1955 sub
stantiated earlier explanations of the pro
tracted decline in annual yields of Atlantic 
menhaden. The major factor contributing to 
this downward trend is a succession of small 
year classes, compounded by increasingly 
heavy fishing on younger menhaden in the 
important Chesapeake Bay area. 

Fishery-wide surveys, wherein we deter
mine the comparative size of new year classes 
by measuring the relative abundance of juve
nile menhaden in estuaries and tributary 
streams, indicated that incoming year classes 
(1966 and 1967) will not be large enough to 
increase production throughout the menhaden 
industry in the years immediately ahead. 

Large-scale mark-recapture experiments, 
carried out simultaneously in four coastal 
areas, yielded preliminary but us eful infor
mati on- -obtainable in no other way- -on the 
seasonal movement of Atlantic menhaden in 
and out of major estuaries as well as up and 
down the eastern seaboard. 

Continuing study of menhaden life history 
produced new information on the location and 
intensity of spawning by the Atlantic species, 
and conclusive evidence that the Gulf menhaden 
commonly hybridizes with another species of 
lesser importance. The program also began 
new work to determine by laboratory experi
mentation how menhaden react to adverse en
vironments, how they adapt physiologically to 
the different environments through which the y 
pass during their early life history, and what 
factors govern their schooling and feeding 
behavior. 
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DEVELOPMENT AND OCEANIC 
DISTRIBUTION OF 

LARVAL MENHADEN 

John W. Reintjes 

From what has been reported and what we 
have observed about menhaden life history, 
we conclude that most spawning takes place 
from November to March, the Atlantic species 
principally off Virginia and the Carolinas and 
the Gulf species off Mississippi and Louisiana. 
Hatching takes place in 42 to 54 hours at 59 0 

to 68 0 F ., the gene ral range of wate r tem
peratures at that time of year. Larvae from 
3/4 to 1 inch long and probably about 1 month 
old move from the ocean into the estuaries. 

This general information about the men
haden's early life history does not provide, 
by itself, the understanding we seek of how 
each new generation of menhaden fares during 
the oceanic phase of its development. To 
answer questions about the exact times and 
places of spawning, the distribution and den
sity of eggs and larvae, the best conditions for 
their survival, and the mechanics of their 
movements from the ocean into the estuaries, 
we must undertake studies at sea. Because 
we have not had our own research vessel for 
these studies we have had to rely on a variety 
of other sources for material and data. Thus, 
during the year covered by this report . we 
collected eggs and larvae from a U.S. Coast 
Guard light tower and from ocean-going ves
sels operated by various research groups, and 
obtained data on eggs and larvae from plankton 
collections generously made available by other 
laboratories. 

Two additional sources of eggs and larvae of 
Atlantic menhaden, as well as those of other 
marine herringlike fishes, were made avail
able to the laboratory. The first consisted of 
collections from 16 cruises by the R. V. Dolphin 
along the Atlantic coast from November 1965 
through May 1967. Two technicians provided 
by our laboratory helped to sort these collec
tions at the Bureau of Sport Fisheries and 



Wildlife Sandy Hook Marine Laboratory (New 
Jersey). The preliminary sorting has been 
completed, and analysis of the results is 
underway. The second source, provided through 
the courtesy of Duke University's Marine 
Laboratory, comprises material collected dur
ing cruises of the R. V. Eastward from 
November 1965 to December 1966 between 
Cape Lookout and Oregon Inlet. This material 
includes the first collections of menhaden 
larvae ever made with opening-and-closing 
nets. Hence their examination offers the pos
sibility they may yield new information on the 
vertical distribution of menhaden larvae. 

Atlantic Menhaden (!!. tyrannus) 
The Coast Guard was very helpful in our 

first efforts to get information on the distri
bution of menhaden eggs and larvae along the 
Atlantic coast by allowing us to sample from 
Frying Pan Light Tower, which stands 40 
miles off the North Carolina coast, more than 
half way to the edge of the Continental Shelf. 
Because it is not only in an area where we 
expected some menhaden spawning but also in 
one characterized by relatively strong wind 
and tid al currents, we believed we could collect 
eggs and larvae by regularly streaming plank
ton nets from the tower. One of our staff, who 
occupied the tower from November 30 until 
December 14, obtained 78 menhaden eggs, 
allowed them to develop at diffe rent tem
peratures, and took an excellent series of 
photomicrographs of living embryos and larvae 
at successive stages of growth (fig. 8). The 
photographs led to the discovery of protruding 
organs along each side of the larvae. These 
structures form a primitive lateral line, a 
sensory system used by fishes to detect cur
rents, sound, obstacles, enemies, and perhaps 
other characteristics of the environment. The 
presence of the organs was of further interest 

Figure 8.-- Embryo. and larva of Atlantic menhaden with 
sensory organs alonll; the trunk. 

10 

because the trunk of older menhaden and all 
other herringlike fishes has no apparent lateral 
line. 

In mid-January, another staff member spent 
2 weeks on the same tower to obtain additional 
information on the occurrence of eggs and 
larvae. As in our first attempt, the Coast 
Gua rd provided transportation and facilities. 
During this venture, unfortunately, currents 
on Frying Pan Shoals were generally too weak 
to stream our plankton nets and only five 
menhaden eggs and no larvae were taken. 

Besides our work on the light tower, we 
collected menhaden eggs and larvae by par
ticipating in three cruises of research ves
sels off North Carolina- -one each aboard the 
Bureau of Sport Fisheries and Wildlife R.V. 
Dolphin, the Bureau of Commercial Fisheries 
R.V. Albatross IV, and Duke University's 
R.V. Eastward. In December we proceeded 
with the R. V. Dolphin in a systematic search 
for early life history stages of Atlantic men
haden, beginning on Frying Pan Shoals where 
earlier we had found a few eggs. Midway in 
the cruise, during which 87 stations were 
occupied, we located a dense concentration of 
menhaden eggs 40 miles off .ew Fiver Inlet 
at the middle of the Continental Shelf. By 
crossing the area several times we found the 
patch to be less than 5 miles in diameter. 
In the center, a 10-minute haul with a Gulf- V 
net yielded more than 100,000 eggs. The 
embryos represented three age groups, esti
mated to be about 24 hours apart. The youngest 
were early blastoderm or about 8 hours old, 
and the oldest, about 55 hours, were ready to 
hatch. Spawning responsible for these eggs 
apparently occurred on three successive nights 
at about the same time each night. Elsewhere 
during the cruise we took 29 menhaden larvae, 
1/ 2 to 3/ 4 inches long. Even though these few 
observations do not enable us to conclude much 
about spawning of the entire Atlantic menhaden 
stock, they are significant because they help 
confirm the uncertain beliefs on time and 
place of spawning and on distribution of eggs 
that had accumulated over the past few years. 

Another opportunity to collect at sea came in 
late January when the R.V. Albatross IVmade 
a 4-day cruise off North Carolina to compare 
the performance of different types of samplers 
for fish eggs and larvae. Thirty collections 
were made in an area 20 miles square north
east of Frying Pan Shoals. All fish eggs and 
larvae were counted and measured at our 
laboratory (fig. 10). Twenty-three collections 
contained menhaden larvae. No menhaden eggs 
were taken. 

A 3-day cruise of the R.V. Eastwardinearly 
February presented the final opportunityofthe 
winter. The vessel operated between Cape 
Lookout and Oregon Inlet, from about the middle 
of the Shelf to beyond its seaward edge. No 
menhaden eggs were taken and larvae occurred 
only at stations within the 40-fathom curve. 



Figure 9.--Workers securing Gulf- V plankton nets after 
paired hauls from R. V. Dolphin. 

Figure 10.--Workers sorting fish eggs and larvae from 
plankton collected by R. V. Albatross !y. 

Gulf Menhaden (!? patronus) 

Our principal efforts to determine where 
and when Gulf menhaden spawn have been 
through participation in cruises aboard re
search vessels of the Bureau's Exploratory 
Fishing and Gear ResearchBase at Pascagoula, 
Mississippi. Objectives of these cruises were 
to locate concentrations of adult menhaden 
between commercial fishing seasons, to obtain 
gravid menhaden for fecundity studies and for 
artificial fe rtiliza tion trials, and to collect 
planktonic fish eggs and larvae. Table 3 sum·· 
marizes the menhaden egg and larval data 
that have been accumulated since the investi
gation began in 1964. 

Some of the eggs collected in February and 
March are believed to be those of Atlantic 
thread herring (Opisthonema oglinum) and of 
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Table 3 . --Distribution of menhaden eggs and larvae collected f'rom ~he 

eastern Gulf of Mexico, 1964- 67 

Month 

Oct . ---
Nov .---
Dec . ---
Jan.---
Feb. ---
Mar.- --
Apr.---

1964-65 

Port St . Joe 
to Carrabelle 

Net 
Eggs Larvae hauls 

!!£. ~. ~. 

10 28 4 
13 173 4 

6 0 7 
10 5 104 

1965-66 

Tampa Bay to 
Cape Sable 

Net 
Eggs Larvae hauls 

!!Q. !!£. !!e.. 

13 155 247 
II 4,376 73 
II 0 28 

9 0 10 

Net 

1966-67 

Mississippi 
SOWld 

hauls 
Eggs Larvae 

~. ~ . !i2. 

3 0 0 

6 23 46 
5 8 21 

scaled sardine (Harengula pensacolae). On the 
basis of their occurrence in gill net catches, it 
is known that gravid adults of each species were 
present in the collecting areas. Eggs and larvae 
of these species have not been described, but 
they probably are very similar to those of 
menhaden. 

The only opportunity to fertilize menhaden 
eggs artificially carne in February 1966, during 
a cruise of the Bureau's R.V. George M. 
Bowers off southwestern Florida. Ripe eggs 
from yellowfin menhaden (Brevoortia smithi) 
were fertilized· with sperm of the same species 
and with sperm from Gulf menhaden (~. 
patronus). Both attempts were successful; the 
eggs hatched, and the larvae lived until the 
yolk material was absorbed. These trials pro
vided a series of developing eggs and larvae of 
known age and parentage. 

The information and specimens obtained 
from these activities have (1) given further 
clues regarding the time and place of men
haden spawning, (2) shown that artificial fer
tilization and hybridization are possible, 
(3) provided additional information concerning 
the distribution and density of eggs and larvae, 
and (4) resulted in large collections of em
bryos and larvae at different stages in their 
development. From these data, hypotheses may 
be proposed about both the sequence and the 
success of menhaden development and spawn
ing in the Gulf of Mexico. 

RESPONSE OF YOUNG MENHADEN TO 
ENVIRONMENT AL CHANGES 

Richard W. Lichtenheld 
William F. Hettler, Jr. 

To explain variation in menhaden year
class size, which we believe is largely deter
mined during each new generation's first year 
of life, we need to know much more about how 
changes in major environmental factors in
fluence the survival of young menhaden. 

Temperature and salinity, variables that can 
be handled with comparative ease in laboratory 
experiments with simulated aquatic environ
ments, generally are recognized as important 



att ribut es of the environment of marine 
estuarine organisms. During their first year of 
life, menhaden, for example, encounte r wide 
ranges of temperature and salinity. Hatching 
and early development take place in the ocean 
during the winter at high salinit ies. After a 
month or so the larvae move inshore to the 
upper reaches of estuaries where the salinity 
is usually very low and the temperature often 
approaches freezing. They remain in es tuaries 
throughout the following summer when the 
water temperature frequently climbs above 
90 0 F. and the salinity fluctuates widely. 

In studies at this laboratory during the past 
3 years, temperatures below 39 0 F. killed 
larval menhaden. Their resistance to low 
temperatures was greatest at 15 p.p.t. (parts 
per thousand) salinity and decreased as the 
salinity was raised or lowered. Acclimation 
temperature also affected survival. In gen
eral, the lower the acclimation temperature 
the greater the survival of test fish. 

As a logical next step in our work, we 
wanted to learn the relative effects of dif
ferent salinities and temperatures upon sur
vi val, metamorphos is, and growth. Weals 0 

wanted to find out how young menhaden react 
when subjected to adverse temperatures and 
salinities; i.e., what point in the range of 
each factor do they prefer when given the 
choice. 

Focusing attention on the salinity preference 
of young menhaden, we constructed a test tank 
with four interconnecting compartments sepa
rated by incomplete partitions. The partitions 
allowed a different salinity to be maintained 
in each compartment while. a shallow "water 
bridge" across the tops of the partitions 
enabled test fish to move freely between 
compartments. The four test salinities were 0, 
10, 20, and 30 p.p.t. Temperature in the tes t 
compartments was held constant by placing 
the tank in a water bath. An arrangement of 
lights provided uniform illumination, and a 
mirror and overhead viewing slit facilitated 
observation (fig. 11). 

In each test we placed 10 young menha d e n 
in the compartment containing wat er of the 
same salinity in which they had been h e ld. 
From this compartment they were f ree t o 
move to any other portion of the tank . The re 
after, the number o f fi sh in each com p a r tment 
was recorded every 2 m in. for 20 m i n .; fi v e 
such observation pe riods--s eparated b y 20-
min. intervals--cons titut ed each full t e st . 

The first 20 tes ts yielde d variab l e b u t useful 
information. The manner in which the test 
salinities were arra nged i n the t a nk, h ence the 
inability to mainta in consisten tly s h arp salinity 
boundaries b etwe e n a dj oining compartments , 
appeared to be the primary source of variation 
among test r e sults . Even though the results 
were quit e variable, the y did suggest a pro
gre s sive seas o nal change i n salinity preference 
that may hav e refle cted what happens as the 
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Figure 11.-- Worker observing fOUI - compartment tank for 
determining the salinity preference of larval and juve
nile Atlantic menhaden. 

young menhaden gradually return to sea after 
several weeks in nearly fresh water. Advanced 
juveniles, for example, generally preferred 
water of low to intermediate salinity (5-10 
p.p.t.) in July, and water of interm ediate 
to high salinity (10-30 p.p. t .) during Augu st . 

These trials have given us a bett er under 
standing of the many problems a ssociated 
with describing the range of salinity pre 
ferred by young menhaden and of the kind o f 
experimental equipment we will need to a nswer 
important questions about t he ecology oflarv a e 
and juveniles. 

ABUNDANCE OF YOUNG-OF-THE- YEAR 
MENHADEN 

Larvae 
Robert M . Lewis 

In January 1966, we b egan t o sample regu 
larly for the occurre nce and abundanc e of 
larval Atlant ic me nha d e n as they e n ter the 
local e stuary. E arly work conc erned w i th 
tes t ing the f e as ib ilit y of d ifferent types of 
sam pling g e ar h a d s howed that a fix ed "channel " 
ne t wi t h fl ow meter was t h e most efficient . 
T he 32 _ft .2 net , attache d to a frame that moves 
up and d own between steel pipes , i s fished 
from a platform on the bridge over the 20-ft.
deep channel adjacent to the Beaufort labora
tory . It can be operated equally well on flood 
and e bb tides. All catches of menhaden larvae 
are reported as the number per 100 m 3 (3,530 
ft .3 ) of water passing through the net; the 
number of samples for each 2-week period 
ranged from 13 to 3l. 

Regular sampling began in early November 
1966 and continued through May 1967. The first 
menhaden larvae were caught on November 14 
and the last on April 28. A minor peak of 
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abundance appeared in late November, but the 
main influx of larvae occurred during the 
latter half of March (fig. 12), about the same 
time as in 1966. Thereafter, the catch de
clined steadily. This season's results and 
those of future years should provide a basis 
for establishing yearly indices oflarval abund
ance. 
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Figure 12.--Relative abundance of Atlantic menhacreir 
larvae in channel on the north side of Pivers Island, 
Beaufort Inlet, N.C., November 1966 to May 1967 based 
on average daytime (surface) catches during 2-weekin
terva1s. 

Changes in la rval abundance inside Beaufort 
Inlet during the winter and spring of 1966-67 
indicated that spawning intensity off North 
Carolina was greatest from January to mid
March. The sampled menhaden, none of which 
had metamorphosed into juveniles, ranged 
from 1/4 to 1-1/2 inches long. Differences 
in size of larvae as they entered the inlet 
may have reflected variable rates of trans
port, as well as differences in water tem
perature at time of spawning and in distances 
from spawning sites. We are trying to deter
mine if abundance and time of movement of 
larvae through the inlet are related to water 
temperature and moon phase (as it affects the 
tide) but to date have been unsuccessful. The 
major factors influencing the abundance and 
movement of larvae are probably oceanic and 
beyond our ability to measure at this time. 

Juveniles 
William R. Turner 

Sampling for the abundance of juvenile men
haden as an index of year-class strength con-
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tinued along the Gulf and Atlantic coasts in 
1966. Resulting estimates of year-class size 
provide indices of resource condition, and at 
the same time serve as a guide to the men
haden industry in planning subsequent opera
tions. 

Atlantic menhaden.--Four survey methods, 
developed and used over the past 5 years 
along the Atlantic coast from Cape Cod, Mass., 
to Fernandina Beach, Fla., were employed 
again in 1966 to estimate the abundance of 
juvenile menhaden before they become vul
nerable to the commercial fishery. These 
methods were haul seining , surface trawling, 
and mark-recapture experiments (collectively 
used in our ground surveys), and aerial 
spotting. The ground surveys entailed sampling 
at 24 sites- -3 in the North Atlantic area, 8 
in the Middle Atlantic and Chesapeake Bay 
areas and 13 in the South Atlantic area. Ground 
and aerial surveys both showed a slight in
crease in menhaden reproduction in 1966 
(fig. 13). 
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Figure 13.--Trends in abundance of juvenile menhaden 
derived from ground and aerial surveys along the At
lantic coast, 1962-66. 

Of the three ground survey methods, surface 
trawling seems to be the most adaptable to the 
wide variety of situations encountered, pro
vides the greatest coverage in the shortest 
time, and, consequently, is considered the 
most reliable. The following summary of 
year-class indices, derived from surface 
trawling alone in selected areas along the 
Atlantic coast since 1962, clearly reveals 
a major cause of the serious decline in At
lantic menhaden landings over the last 3 
years. 



Area 1962 1963 1964 1965 1966 

South Atlantic 1.00 1. 05 0.41 0.25 0.46 
Middle Atlantic -

Chesapeake 
Bay .. .... 1. 00 5.77 0.90 0.08 0.50 

NorthAtlantic 1. 00 0.03 0.03 0.24 

Gulf menhaden. - -Surface trawls exclusively 
have been used in surveys to estimate men
haden year-class strength in the Gulf region 
since 1964 at seven sites between Apalachi
cola, Fla., and Galveston, Tex . As on the 
Atlantic coast, the 1966 survey along the Gulf 
coast also indicated greater menhaden repro
duction than in 1965. Annual indices of rela
tive abundance were 1.00 in 1964 (base year), 
0.14 in 1965, and 0.73 in 1966 . 

To bridge some of the large gaps between 
existing sampling sites along the Gulf coast, 
we are increasing considerably the numb e r of 
survey streams. The previously defined coas tal 
region (Ap alachicola, Fla., Galveston, Tex.) 
has b een divided into nine areas repres e nted 
b y 3 6 s ampling sites distributed in propo rti o n 
to the e stimated amount of estuarine surface 
waters in each (table 4). In addition t o our 
expand e d regul ar surveys, which employ small 
outb o a rd c raft, we s h all make a supplemental 
surv e y wit h larger and faster boats. Use of the 
large r c raft should increase the efficiency and 
range of sampling and thus improve the pre
cis i on of our abundance estimates. 

Table 4.--Major subdivisions cf tte Gulf ~oa t anu Jistri 
bution of sampling si,es fo~ sur/eys of Juvenl e m ~ad n 
abundance in 1967 

Sampling itc 

Area Surface a~resl 
Regular .5upple -

mental 

Number Percent Number tlumber 

1 Galveston Bay . . . ... 336,000 6 .4 2 1 
2 Sabine Lake .... . ... 299,OOU ~ . 7 2 1 
3 Vermilion Bay . • .... 555,000 1O . t. '- 2 
4 Mississippi Delta .. 2, 160,00(, 41. v 14 7 
5 Lake Pontchartrain . 582 , 000 11 .1 .. 2 
6 Mississippi Sound .. 573 , 000 1(' .9 4 2 
7 Mobile Bay .... . . . .. 283,000 5 .4 2 1 
8 Perdido Bay ........ 238,000 4 . 5 2 1 
9 St . Andrew Bay ..... 229,000 4 . .. 2 ~ 

Total. .....•...... 5,255 , 000 100 .0 36 18 

1 Estimates of surface area f r om the Office of River Basin 
Studies BSFW ~ . 

POPULATION DYNAMICS 

Robert B. Chapoton 
Stanley M. Warlen 

Catch Sampling 

The Atlantic and the Gulf of Mexico men
haden resource is large, dynamic, and re
newable. Through an extensive sampling pro-
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gram covering the menhadr'n fisheries, 
statistics on the length, weight, sex, and age 
composition of the fished stocks, together with 
records of landings and vessel operations, 
are gathered according to established pro
cedures. These data constitute thf: basic re
quirements of resea rch on the dynamics of 
our menhaden fisheries. 

Atlantic fishery. - - Pe rsonnel stationed at 
various ports of landings from Amaganset , 

' .Y., to Fernandina Beach, Fla., systemati
cally sampled catches of Atlantic menhaden 
throughout the season. At 20 reduction p1ants 
during 1966-67 (April to January), we obtained 
786 samples of 20 fish each from purse seine 
landings of 241,900 ton --an average of 1 
sample for every 308 ton:> of fish caugh . This 
rate was nearly the same as in 1965 when we 
took 1 sample for every 306 tons landed. We 
also helped vessel captains and pilots main
tain logbook s showing the location and number 
of purse seine sets each day. 

Scales from about 15,500 fish lDdicated that 
no single year class was outstandingly large 
(table 5). Except lD the summe r fishe ry off 

'orth Carolina, the Occur:-ence of age-I fish 
during 1966 was substantially lower than in 
19 6 5, especia lly so in Chesapeake Bay and 
in the 'orth Ca rolina fall fishery. Although 
the proportion of age-Z fish in the 1966 catch 
was greater than in 1965, the incidence of 
age-3 and older fish was the same each year. 
Young-of-the-year {age-Oj fish did not become 
available to the 19 6 fishery until early fall, 
but they were harvested heavily enough to 
make up 24 percent of the landings, about three 
times more than in the 1965 fishery. 

We determine the age and year class of 
Atlantic menhaden in our samples by counting 
the annular rings on their scales. For accurate 
aging of fish we must know if and when marks 
other than true annular rings are produced. 

The possibility that the first mark on scales 
of unusually small ' age -l and - 2 fish caught 
in the 'orth Carolina fall fishery i s not a true 
annulus has prompted a study to deter m ine the 
time of year and size of fish when the first 
annulus forms on scales of young menhaden . 

For a 13-month period, we have a series of 
biweekly collections of fish from tributaries 
of the loc al Neuse River estuary. Age-O fish 
in their first spring, summer, and fall were 
caught with pound nets, haul seines, and sur
face trawls. During winter and their second 
spring they could only be captured with gill 
nets. Young-of-the-year fish first appeared 
in our samples on April 2, 1966, when they 
ranged from 0.8 to 1.4 inches long (fork 
length). By August 30 they were 2.3 to 3.5 
inches. The average rate of growth for this 
period was about 0.4 inch per month. None of 
these fish exhibited scale marks that could be 
readily identified as annuli. The T!ext collec
tion of fish, taken September 23 and, as judged 



Table 5.--Age composition of samples from Atlantic menhaden landings, 1965-66 

and Sample Age in years 
Area Year 

port of landing size 
0 1 2 3 4 5 6 7 8 

Number ----------------Percent-------------------- · ---

North Atlantic: 

Amagansett, N.y ••..••.•••.•••.••.•• 1965 1,782 -- -- 12 53 18 8 6 3 <1 
1966 177 -- -- 3 45 40 8 2 2 <1 

Middle Atlantic: 

Port Monmouth, N.J ......•.....•••.• 
1965 1,941 -- <1 33 55 10 1 <1 <1 --
1966 1, 229 -- -- 15 55 27 3 <1 -- --

Lewes, Del ..•••••.••••••••.•.•.••.• 
1965 2,720 -- 33 43 21 2 <1 -- -- --
1966 520 -- 24 52 18 6 <1 -- -- --

Chesapeake Bay: 

Reedville, Va •••••.•••.••••••••••.• 
1965 5,991 8 70 17 5 < 1 <1 <1 -- --
1966 5,506 21 32 39 7 <1 <1 -- -- --

Cape Charles, Va .•••.•..••••..••... 
1965 -- -- -- -- -- -- -- -- -- --
1966 649 7 41 43 9 <1 <1 -- -- --

South Atlantic: 

Beaufort, N.C ..•••..•...•..••...... 
1965 819 <1 47 48 5 -- -- -- -- --
1966 1,854 <1 62 32 5 <1 <1 -- -- --

southport, N.C .......•..••••.•..••• 
1965 373 -- 39 53 8 -- -- -- -- --
1966 297 -- 40 33 23 4 -- -- -- --

Fernandina Beach, Fla ...•••.....•.• 1965 4,172 -- 66 33 1 -- -- -- -- --
1966 3,555 <1 21 53 23 3 <1 -- -- --

North Carolina fall fishery: 

Beaufort-Morehead City ..•.•....•••• 
1965 1,514 10 62 22 6 <1 -- -- -- --
1966 1,720 25 22 41 12 <1 -- -- -- --

All 
1965 19,312 3 48 28 16 3 1 <1 <1 <1 areas •....•..........•........... 
1966 15,507 11 29 40 15 4 <1 <1 <1 <1 

from their length, presumably representing the 
same year clas's as those collected in the 
preceding 5 months, contained a high proportion 
of fish (70 percent) with scales possessing a 
ring resembling an annulus near their margin. 
Twenty-eight percent of the fish caught in 
October and November 1966 also had such 
rings near the margins of their scales. If in 
subsequent collections we find that scales from 
the same group of fish caught in the spring of 
1967 have another new ring, the first mark will 
have to be classed as a false annulus. This 
study should lead to the development of im
proved criteria for aging Atlantic menhaden. 

Gulf fishery. - - We collected biological and 
fishery statistics throughout the 1966 fishing 
season (April to October) at seven ports of 
landing: Moss Point, Miss.; Empire, Morgan 
City, Dulac, Intracoastal City, and Cameron, 
La.; and Sabine Pass, Tex. In addition, we ob-
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tained a few samples of landings at Apalachi
cola, Fla. The entire catch of menhaden from 
the Gulf of Mexico was landed at these ports 
and, as in the past two seasons, four stra
tegically placed individuals did the sampling 
(fig. 14). 

The scale method of aging Gulf menhaden 
remains to be completelyappraisedbut, in 1966 
as in 1964 and 1965, ages were assigned pro
visionally to the fish in our samples. Compari
s on of the age distributions for the 3 years sug
gests that the age structure of the fishable 
stocks changed significantly (table 6). The con
tribution of I-annulus fish in 1966 was about 
53 percent less than the average contribution 
of year-old fish in 1964 and 1965. Conversely, 
the contribution of 2- ring fish was 21 percent 
greater than the average contribution of fish 
of the same age in the previous two seasons. 
Three - ring fish made up 21 percent of all in
dividuals sampled in 1966, a significantly 



Fi61.Jre 14,--Cl(Jge-~p rJf catch 0f GuLf menhaden cons i.s dng 
mAinly fjf 2-je.ar-01d fish. 

~ .6; t.--A€,: com~r.LL~,,-r..m 6t ~:a:.~ .... "1 f~ r..~'"; '!~z or ~ .. ::e 
-.:!..r~1r:n ~~!:(l ~-; ~·":<!.J6r ~r.,-" 'jf.A.-J~ 

.. n:, 

.. aoe .. fi, !..~ . ... .• 

~ ... 

gr<::at<::r proI=-ortion th.an in either of the two 
pr<::viljlS seasons. In 1966 as '.11.;:11 as in 1964 
and ]'jfJ5, £is h in thEir first, fifth, sixth, and 
sev<::r.th y ears of life contribut.;:d only small 
amr) lnt s t o the total landings. 

Pa rtic llarly noteworthy was the contribu 
t or. of fish of th.;: 1964 year class of Gulf 
l andir.gs dIning the 1965 and 1966 seasons, As 
I-year-ol d fish in 965, th.;:y made up 62 per 
c ent o£ the sampled fish and as 2-year.old 
fish i n '1 fJ fJ , nearly half. Equally striYing was 
t h e relative1"! poor showing of the 1965 year 
class i n 19 f.,6, "'hich coniirmed earlier pre
dictions based on 1965 surveys of j venile 
ab'J.ndance. 

Ulrtng the year, we continued research 
a imed at verifying certain scale marJrings as 
tr e Indicators of the age of Gulf menhaden, 
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Par': of ':h's wor!!" is concerr.ed wit: de'::erm'rl· 
ing '7rhat p<ir': IJ£ ':he rnen':'"l.aden's ::'0 'j- Tiel. 's 
toe 3'5.S: sea tC5 for age and gro'";r;r-th s:~--1dies. 

S:a':i.s':icai. ana:'j-sis s'no-T.'ed ':hat 'raria'::'or. ir" 
~ho:: 11 ro:: a:i're dirno::nsiordl of ar"d (2 ':he 
r. moey Ijf eirc':':'i (g:::o'Tr':h rir.gsl Oli sca:'es 
from eacG. of eigc.,: body aro::as was sigr..i:icar.t. 
'ire ,:ho::reflJre cone ~Qec tha': a' sea' es on 
'ndi'rid'~a G'~ f rreru-.aden can bo:: expected ':0 
yield comparablo:: information 0.00 ~~ age and 
gr(j-~ ,h and ha': other considerations inse:'ect
ing sea es sho' d next De examined. 

l-.ddi ':ional factors hat influence the s e:ec · 
':ion of scales are their siz.;:, st-..ape, clari':T 
of rr..arEings, freedom h'orn deformities, and 
ease of remo'fal. O~r s , .. di.;:s indica':ed ':ha': or" 
the a'rerage, cce l<irger and more sJ'Tnme rica:' 
scales and those wi h the most distinct mar~-
ngs ar.;: frorn the rnidlateral s'~rface of ,:c-.e 

fis:. Scales from the ca'~da:' ped~rcc:'e or tai: 
sectior. ha're large cracys that malre reading 
:iifficu·t. Scales frOIT. along the bacy and along 
the belly are comparati'rel.y srn<ill and irreg'~ 
larly shaped, rnahng interpre'.:ation of the 
marhngs 'rery diffic It. ','''e be~ieye the mid· 
lateral area direc'::ly below t::-e dorsal fin 
pro'ddes the bes~ scales for age and growth 
calcula tions, 01.1': 0 ~r fir.al decisior. a 7raif:s 
res '~lts of other studies now inprogress. 

l-.s in each of tl-.e pre'rious two seasor..s, tne 
1966 har'rest of menhaden a ong the G'~lf coast 
consis ed alrr.ost entirely of one species, the 
G'llf mF.nhaden. Of 640 samples 0 b t a in e d 
t' roughout the 1966 season, only g were of 
finescale or yellowfin menhaden. Thes e t7'O 
speciF.s are so uncom.rnon in purse seine l and · 
ings that lrnowledge about their actual contri· 
bution is incomplete. Available data indicate 
that daring the 1966 season, h0'71ever, finescale 
and yello'ufin menhaden constituted les s than 
0.1 percent of the 394,000 tons landed , Other 
herringlilre species that were caught in small 
numbers were the l-_tlantic thread herring and 
s calF.d sardine. 

Evaluation of Catch-Sampling Procedure 
William 0, B, Danes 

Sampling the commercial p rse seine land · 
ings provides iniorrnation about the size, age, 
and sex: composition of the Atlantic and Gull 
menhaden resources. This iniormation is es· 
s ential to unde rstanding the dynamics of the 
fisheries these resources support. 

The present sampling scheme consists of 
'randomly" drawing a standard sample of 20 

fish from the l andings of as many as three 
vessels at each major port every workday 
thro ghout the fishing season. Each sample is 
taken at doc1<side from the top of the load, 
which pres rnably represents the catch of the 
vessel's last seine haul (or set) before landing . 
From each fish the sampler takes a scale 
sample and records the specimen's length, 
weight, sex:, and stage of sexual maturity. 



Sampling procedure, e sse n t i a 11 y as de
scribed above, was established at the start 
of Atlantic menhaden studies by the Bureau 
of Commercial Fisheries in 1955. The pro
gram was later (1964) expanded to include the 
Gulf coast fishery. Until recently no attempt 
had been made to evaluate the sampling plan 
in whole or in part; this year we undertook 
an exploratory study to assess its efficiency. 
Of immediate concern were adequacy of sample 
size and sampling frequency in estimating the 
age and size compositionofmenhadenlandings. 

At each port of landing during each week, 
the catch sampler, in his attempt to obtain 
representative samples of fish being caught 
by the menhaden fleet in his region, is con
fronted with many sources of sampling varia
tion. They include differences in catch com
position between and within fishing areas, 
vessels, and days - -which may reflect changes 
in the space-time distribution of concentra
tions or schools of menhaden. During this 
study, however, we were able to consider only 
the variation within and between daily land
ings and within the last h aul of fish pumped 
aboard the vessel. 

Data with which to appraise variation in 
age and size composition within and between 
vessel landings were obtained by intensified 
sampling in each of two I-week periods (early 
July and late August) during the regular fishing 
season at the major ports serving each fishery, 
i.e., Reedville, Va., and Moss Point, Miss. In 
addition, we intensively sampled for 1 week 
(early December) during the North Carolina 
fall fishery at Beaufort, N.C. Daily sampling 
consisted of drawing, besides our standard 
20-fish sample, 10- and 40-fish samples from 
each of as many as nine ves sels. Work was 
complicated frequently by the small number 
of «9) landings on some days. All told, the 
number of 10-, 20-, and 40-fish samples col
lected at Reedville, Moss Point, and Beaufort 
were 15, 24, and 30, respectively. 

For each of the five I-week study periods, 
the data were grouped by age for each level 
of sampling and each day's landings. Toassess 
differences in relative age distribution between 
levels of sampling as well as within and between 
daily landings, we used simple (chi-square) 
tests of homogeneity. 

Analysis of the Atlantic menhaden data col
lected at Reedville and Beaufort disclosed no 
significant differences between age frequency 
distributions estimated from the 10-, 20-, and 
40-fish samples, thus indicating that the fish 
were homogeneously distributed by age within 
individual schools. In contrast, differences 
within and between landing days proved sta
tistically significant; this fact suggests that the 
appreciable variation in age composition be
tween schools and in the day-to-day distribution 
of schools is a possible major source of 
error in estimating contributions of each year 
class to the total catch of menhaden. 
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The data collected at Moss Point revealed, 
as did analysis of the Reedville data, a high 
degree of variation in apparent age composi
tion between schools and between landing days 
but, in sharp contrast with the Reedville re
sults, it also showed that fish were distributed 
heterogeneously within schools. When these 
data were grouped by size, however, analysis 
showed no significant differences between the 
length-frequency distributions for each of the 
three levels of sampling, thus indicating that the 
fish were uniformly distributed by size within 
schools. Differences in relative length compo
sition within and between daily landings re
mained highly significant. Po s sib 1 y, the 
analyses suggesting a homogeneous distribu
tion of fish within schools by size but not b y 
age could have been influenced by errors inage 
determination. This possibility is particularly 
appealing because we have had some difficulty 
in obtaining consistent age readings from 
scale s of Gulf menhaden. 

The tentative conclusions of this pilot study 
are that our standard 20-fish sample is full y 
adequate, at least for the Atlantic, and that 
precision in estimating the age composition of 
the menhaden catch can be improved appreci
ably by sampling more vessel landings. 

The 1966 Menhaden Fisheries 
William R. Nicholson 

Atlantic. - - With the exception of the North 
Carolina fall fishery, the 1966 Atlantic men
haden fis he ry was the poorest in many years . 
One plant operated in the North Atlantic area 
from mid -June until September but processed 
only 2,000 tons of menhaden. Two plants that 
began operating in the Middle Atlantic area in 
May closed in July because fish were scarce. 
Five plants , supplied with fish caught by about 
the same number of vessels as in each of the 
previous 2 years, operated in Chesapeake Bay 
from late May until late November. Two others 
processed small quantities of fish for periods 
of varying length during the season. In the South 
Atlantic area the number of plants remained the 
same as in 1965- -two in Florida and tw(' in 
North Carolina. Five plants again operated 
during the North Carolina fall fishery, but 
fewer vessels fished than in 1965. 

Fishing effort, measured by the number of 
standard vessel-days of fishing, remained at 
about the same lev"el as in 1965 in the Chesa
peake Bay area but decreased in other areas. 
The most significant decrease, reflecting the 
shutdown of nearly all plants after July, was 
in the Middle Atlantic area where the number 
of standard vessel-days was only 35 percent 
of the 1965 figure; the corresponding values 
were 81 percent in the North Atlantic area , 
63 percent in the South Atlantic area, and 80 
percent in the North Carolina fall fishery . 

Production of Atlantic menhaden declined in 
every area except in North Carolina during the 



fall fishery. The total catch of 241,900 tons 
was the smallest since the end of World War II 
and was only 31 percent of the record catch 
of 1956. In that year 67 percent of the catch 
was landed at Middle and North Atlantic plants 
and 13 percent at Chesapeake Bay plants. In 
contrast, the 1966 figures were 4 percent and 
53 percent, respectively. The South Atlantic 
catch of 27,000 tons was the second smallest 
since 1940. The North Carolina fall fishery, 
had a good catch- - (about 79,000 tons), which 
was 21,000 more than 1965. 

The catch per unit of effort also reflected 
the scarcity of fish from Chesapeake Bay 
northward. For the 10 years, 1956-65, the 
mean catches per standard vessel-day for the 
North Atlantic , Middle Atlantic, Chesapeake 
Bay, and South Atlantic areas, and the North 
Carolina fall fishery, were 68, 71, 60, 62, and 
102 tons, respectively. For 1966, the figures 
were 5, 13 , 42, 61, and 114 tons. 

Since menhaden were too scarce to support 
a fishery in the Middle and North Atlantic 
areas, the large catch in the North Carolina 
fall fishery was unexpected. This catch was 
composed primarily of age-2 fish from the 
1964 year class. An estimated 125 million 
were landed, as compared with about half that 
many age-2 fish in most previous years. 
Normally, age-2 fish are the dominant age 
group in the middle Atlantic catch. Although 
they probably were distributed too thinly this 
year to support a summer fishery in the north
ern areas, they became available when con
centrated during the spawning season off the 
Carolina coast. 

The decline in the catch and catch per unit 
of effort, the decrease in the average age of 
fish in the catches, and almost complete ab
sence of fish older than 3 years indicate that 
the rate of exploitation is high. 

Gulf.--Fishing pressure on stocks of Gulf 
menhaden continued to be heavy in 1966. 
Although the number of active plants re
mained at 13, the number of purse seine ves
sels increased from 85 to 91. Vessels of less 
than 200 net tons decreased from 45 to 42 
whereas those of greater tonnage increased 
from 40 to 49. The latter group included 11 
new refrigerated vessels of large capacity. 
Fishing effort, the number of vessel-weeks 
unadjusted for differences in ve s s el efficiency, 
was 1,641, an increase of 149 over 1965. 

The purse seine catch of 394,000 tons was 
114,000 tons less than the near-record 1965 
catch, and the smallest since 1960. For the 
first time since 1959 the catch fell below 
400,000 tons. From 1965 it decreased b y 32 
percent in Mississippi, 18 percent in Louisiana , 
and 37 percent in Texas. 

The catch per vessel -week, unadjus ted for 
differences in vessel efficiency, was 240 
tons--the smallest since 1959. This figure 
represented a 25-percent decrease from ~he 
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high of 31 7 t ons in 1961. Except for 1965, 
the trend in average catch since 1961 has 
been s t eadily downward. 

The downward trend in the catch, the in
crease in fishing effort, and the decrease in 
the catch per unit of effort, indicate a fully, 
if not overly, exploited resource. Increased 
fishing effort in the future will result infurther 
competition among vessels, and probably a 
continued decrease in the catch per unit of 
effort. 

Mark- Recapture Experiments 
Robert L. Dryfoos 
Randall P. Cheek 

Mark- recapture experiments with Atlantic 
menhaden are designed to answer questions 
about the species population structure, move 
ments, growth, and survival. In our first year 
of work, we tagged nearly 183,000 menhaden: 
75,000 and 22,000 during the 1966 North 
Carolina summer and fall fisheries, respec 
tively, and 86,000 during the spring and early 
summer of 1967 (March through June) from 
New York to Florida. Table 7 shows the dis
tribution by State of tagged fish released this 
spring. 

In general, tag recoveries have been adequate 
to indicate that our tagging and recovery tech
niques are satisfactory and that they can be 
expected to yield useful data. Tags from almost 
4-1 / 2 percent of all marked fish released the 
first year have been recovered to date. Owing 
to the large volume, all data on tag releases 
and recoveries are keypunched and stored on 
magnetic tape. A data-processing system h as 
been developed to maintain a master file and 
provide biweekly summaries. 

Tag recovery.--Magnetic tag-recovery 
equipment has been installed in all menhaden 

. reduction plants along the Atlantic coast. We 
are continuing to use either rotating-grate or 
stationary-plate magnets depending on the 

Table 7 .--Number of Atlantic menhaden tagged 
during the spring and early summer of 1967 

State 

New york .•••••••.••••••••••.•..•• 
New Jersey •.•••••••...•.•...••••• 
Maryland ••••••......•••••••..••.. 
Virginia •.•.•••.••••.•.••••..•••• 
North Carolina •••.•••..•••.•••••. 
Georgia ••••••....••••••••••..••.• 
Florida .••••.••••••.••......••••. 

Total ..••••.••.••••.•••••.••• 

Number 

1,387 
899 

8,421 
28 , 682 
20,130 
8,296 

18, 278 

86 , 093 



space available at each plant (fig. 15). Tests 
of magnet efficiency are being performed 
regularly at each plant by tagging 100 fish 
when selected landings are being unloaded, and 
by placing 100 tags in the fish scrap before 
it passes over our magnets. These tests have 
shown that although the magnetic recovery 
systems are over 90 percent efficient at nearly 
every plant for the tags actually passing over 
the magnets, we can expect to recover only 
about 70 percent of all tags entering each 
plant because some tags are lost in the cookers, 
driers, and conveyor lines. 

Tags are recovered on the primary mag
nets, the first magnets over which the proc
essed fish pass, usually within 24 hours after 
each catch enters a plant. Tests have disclosed 
that only about 2 percent of tags recovered on 
the primary magnets take more than a week to 
pass through the reduction machinery before 
reaching the magnets. Therefore, useful com
parisons of the date of landing and date of tag 
recovery on the primary magnets usually can 
be made. We are continuing to work on a sys
tem that will detect and recover tagged fish 
during unloading at the menhaden plants. 
Should this system prove feasible, it would 
not only improve our information about where 
and when tagged fish are recaptured but also 
would permit determination of growth rates. 

Tagging methods.--Our basic methodoftag
ging menhaden is to obtain about 2,000 men
haden by dip net from a purse seine catch 
before it is transferred to the carrier vessel. 
The fish are kept in holding nets, and a few 
individuals at a time are dipped out for tagging. 
A numbered 1/ 2-inch stainless steel tag is 
inserted into the body cavity with a tagging 
"gun," and then the fish is released (fig. 16). 
Length measurements and scale samples for 

Figure lS.--A tag-recovery station, showing installation of 
a rotating-grate magnet that removes tags and other 
metal from fish scrap passing through the chute. 

Figure 16.--Tagging "gun," showing tags in the magazine 
and one tag as it leaves the gun during insertion in the 
fish. 

age determination are taken systematically 
from 5 percent of the fish tagged. 

We also have developed a procedure for 
tagging aboard the menhaden vessels. There 
the fish are dipped from the purse seine and 
put into small tanks supplied with running sea 
water, from which the fish are tagged and re
leased overboard (fig. 17). This procedure is 
especially useful when the fleet is fishing be
yond the range of our small boats, when many 
sets ar e made each day by the menhaden ves
sels' or where reduced availability of fish or 
manpower make a smaller tagging crew desir
able. 

During the spring of 1967 before the com
mercial menhaden fisherybegan (March- May), 
we tagged and released menhaden caught in 
pound nets in tidal waters of North Carolina, 
Virginia, and Maryland. By the end of June, 
menhaden plants in North Carolina and Virginia 
had recovered tags from over 5 percent of the 
menhaden tagged from a pound net in the lower 
Neuse River, N.C. As of the same date, more 
than 8 percent of the tags in menhaden caught 
and released from pound nets in Virginia rivers 
tributary to Chesapeake Bay were recove red 
in the Virginia portion of the bay where purse 
seining is permitted; by comparison only 1/ 2 
percent of the tags in menhaden released from 
Maryland pound nets have been recovered in 
the Virginia menhaden plants. We expect more 
of the fish tagged in Maryland to be recaptured 
this summer and fall if they pass through 
Virginia waters. 

In summary, our diverse methods of obtain
ing fish are effective in areas that have no men
haden fishery, where fishing is limited or 
where fishing is relatively intense. Thl 
flexibility is especially desirable in studies 
of migration . 
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Figure 17.--Menhaden being tagged aboard a purse seiner. 

Handling experiments .--We began a series 
of experiments in September 1966 to determine 
(1) the best of two methods of transferring 
fish from the purse seine , (2) if an anesthetic 
is desirable, and (3) whether fish as they are 
tagged should be released in a group or one 
b y one. Nearly equal numbers of fish were 
subjected to each treatment; insofar as pos
sible, all other variables were held constant 
during e<l;ch experiment. The relative number 

of recoveries served as the criterion for 
judging success of the method (table 8). 

Differences between tag returns from fish 
transferred from purse seine to holding net 
by dip netting and those from fish transferred 
by brailing were not significant. Anesthesia 
did not adversely affect the fish, and under the 
circumstances it was of some benefit because 
the fish were easier to handle. Also, fish re
leased individually appeared to fare better than 
those released in groups of a hundred or more 
at a time, probably because of the greater 
amount of time the grouped fish were confined 
in the holding net. The recovery rate for suc
cessive groups of fish released individually 
from a single supply suggests that no more 
than 2,000 fish should be tagged from each 
group obtained. 

Distribution of tag recoveries. - - Tags from 
menhaden released during the 1966 summer 
and fall fisheries in North Carolina were 
recovered in Virginia, North Carolina, and 
Florida plants during the spring and early 
summer of 1967 (table 9). These data suggest 
considerable northward movement of fish 
shortly after they were tagged off North Caro
lina in the summer and fall. Further conclu
sions await more refined analysis of data 
adjusted for differences in (1) dates of tag 
release and recovery, (2) efficiency of tag
recovery systems, and (3) distribution and 
amount of recovery (fishing) effort. 

Table 8 . --Results of handling experiments with Atlantic menhaden, 
1966-67 

Distribution of tag 
Elcperimental Treatment recoveries 

fish 
Sununer Fall Spring Total 

Table 9 .--Number of tags recovered in the spring and early 
sununer of 1967 from marked fish released during the North 
Carolina summer and fall fisheries , 1966 . 

Tag release Tag recoveries 

Number ----------- Percent-- ---------- -

,000 .....• ••.• Transferred by dip net 1.6 1.6 0 .3 22 .1 
Season Quantity Virginia North Florida Total Carolina 

,000 •.... .•• .• Transferred by brail 1.3 1.3 0.3 22 .3 

,283 .•.•..•..• Anesthetized 1.6 1.6 0 . 3 8 .4 
Number Number Number Number Number 

,304 . • •....... Not anesthetized 1 .4 1.4 0 .3 8.1 Sununer ...... 74 , 806 158 61 12 231 

,998 ••.....•.• Released individually 1.8 1.8 0 . 3 8 .6 
FalL ....... 21,722 351 55 7 4U 

,093 ........•• Released in group 1.1 1.1 0 .1 5 . 3 Total. ...... 96 , 528 509 116 19 644 

LIBRARY 

Anna F. Hall 

During 1966, 400 books and bound volumes 
of periodicals were added to the library, an 
increase of 77 over the previous year. One 
hundred eighty-one items were received on 
interlibrary loan and 20 were loaned. The 
number borrowed declined slightly and the 
number loaned increased a little. About 330 
periodical titles are received on subscription 
and through gifts and exchanges. 

Periodicals are bound as volumes as com
pleted. All books and serials are cataloged 
and clas sified according to the Library of 
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Congress system. Reprints are cataloged but 
are not classified. 

The weekly acquisitions list was discon
tinued. Instead, all materials received during 
the week are displayed the following week in 
the library where they may be reserved for 
check-out. Circulation has increased as a 
result, and the laboratory staff has expressed 
preference for the new method. 

The librarian attended the Department of the 
Interior Librarian's Conference in Washington, 
D.C. 



MEETINGS AND TRAINING PROGRAMS 

(Attendance shown in parentheses) 

Atlantic States and Gulf States Marine Fish
eries Commissions 

Reports on the laboratory's research 
during the year were prepared for the 
two commissions. 

Training Programs BioTelemetry 
Course, Washington, D.C. (1) 
Librarian's Conference, Washington, D.C. 

(1 ) 
Work Conference 

Atlantic Estuarine Research Society, Col
lege Park, Md. (6) 

Meetings 
American Association for the Advance

ment of Science, Los Angeles, Calif. 
(1 ) 

American Society of Ichthyologists and 
Herpetologists, San Francisco, Calif. 
(1) 

American Institute of Biological Sciences, 
College Park , Md. (1) 

National Fish Meal and Oil Association, 
Washington, D.C. (1) 

Atlantic States Marine Fisheries Commis
sion, Portland, Maine (1) 

Gulf States Marine Fisheries Commis sion, 
Brownsville, Tex. (1) 

American Fisheries Advisory Committee , 
Irvington, Va. (1) 

International Shrimp Conference, Mexico 
City, Mexico (1) 

STAFF 

Kenneth A. Henry, Director 
Joseph H. Kutkuhn, Assistant Director 

ANADROMOUS FISH PROGRAM 
(Beaufort) 

Paul R. Nichols, Chief--transferred 10-8-66 
Frank T. Carlson, Fishery Biologist--trans

ferred 12-3- 66 
Randall P. Cheek, Fishery Biologist- -trans

ferred to Menhaden Program 11- 2- 66 

BL UE CRAB PROGRAM 
(Beaufort) 

George H. Rees, Chief 
Donnie L. Dudley, Fishery Biologist 
Mayo H. Judy, Fishery Biologist 
Marlin E. Tagatz, Fishery Biologist 
James E. Bennett, Summer Aid 

MENHADEN PROGRAM 
(Beaufort*) 

Joseph H. Kutkuhn, Chief 
Robert L. Dryfoos, Supervisory Fishery Biol

ogist 
Richard W. Lichtenheld, Supervisory Fishery 

Biologist 
John W. Reintjes, Supervisory Fishery Biol-

ogist 
Robert B. Chapoton, Fishery Biologist 
Paul L. Fore, Fishery Biologist 
Martha J. Huyler, Computer Programer 
Robert M. Lewis, Fishery Biologist 
William R. Nicholson, Fishery Biologist 
Anthony L. Pacheco, Fishery Biologist- -trans-

ferred 10-8-66 

* Except as noted 
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William R. Turner, Fishery Biologist 
William D. B. Davies , Fishery Biologist 
William F. Hettler, Jr., Fishery Biologist 
Brian S. Kinnear, Fishery Biologist 
Eldon J. Levi , Fishery Biologist 
Richard O. Parker, Jr. , Fishery Biologist 
Paul J. Pristas , Fishery Biologist 
Charles P. Goodwin, Fishery Biologist 
Louis A. Gwar tney, Fishery Biologist 
Allen E. Johns on, Fishery Biologist 
Richard L. Kroger , F i shery Biologist 
Heyward H. Mathews , F ishery Biologi st 
Cleophas R. Cooke , Jr. , Fishery Biologist 
E. Peter H. Wilkens , Fishery Biologist 
James F. Guthrie, Biological Technician 
George N. Johnson, Biological Technician 
Walter C. Mann, Biological Technician 
Mary A. Phillips , Biological Technician 
Mary K. Hancock, Clerk 
Harvey M. Adams , Jr. , Biological Aid 
Francis D. Arthur, Biological Aid 
Ronald L. Garner, Biological A i d 
Ivey D. Graham, BiologicalAid, resigned 10- 7 -

66 
John C. Barnes III, Summer Aid 
Paul C. Baumann, Student Trainee-Biological 

Aid 
Clisto D. Beaty, Summer Aid , Morgan City, La . 
John S. Booker, Summer Aid , Reedville, Va. 
Walter H. Cook III, Summer Aid, Empire , La . 
Linda C. Coston, Biological Technician (tem-

porary) 
Charles S. Dietrich, Jr., Summer Aid, Port 

Monmouth, N.J. 
Melvin W. Forbush, Summer Aid , Reedville, 

Va. 
Correna S. Gooding , Clerk (temporary) 
John P. Grady, Summer Aid 
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