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AGE AND SIZE COMPOSITION OF THE MENHADEN CATCH ALCNG THE

ATIANTIC COAST OF THE UNITED STATES, 1952-55; WITH

A BRIEF REVIEW OF THE COMMERCIAL FISHERY

by

Fred C. June and John W. Reintjes

U. S. Fish and Wildlife Service
Beaufort, North Carolina

ABSTRACT

Included are a brief description of menhaden purse-seine fishing gear, methods, and
seasons; a summary of the major features of the 1955 Atlantic Coast purse -seine fishery; a
description and analysis of the methods of sampling the catches; and tabular data resulting from
the catch-sampling program. Measurements of the catch of Atlantic menhaden (Breyoortia
tyrannus) , apparent abundance, and total fishing effort showed considerable variation in differ-

ent areas of the coast in 1955, with highest apparent abundance encountered on the North Caro-
lina fall fishing grounds. Age, length, and weight composition of samples from the catches
from 1952 through 1955 revealed the presence of a dominant year class in the fishery and estab-

lished that different age and size groups support the catches in different areas along the coast;

in summer, younger, smaller fish were found to occur in southern waters, and older, larger

fish, farther northward. All age and size groups were shown to be represented in the fall fishery

off North Carolina.

INTRODUCTION

The menhaden fishery along the Atlantic

coast of the United States ranks as one of
the leading fisheries in the world. Within
the past decade, annual production has near-

ly doubled, reaching a peak over 700,000
tons in 1955. Despite this phenomenal rise

in total yield, there have been marked

seasonal variations in the catches in the

various areas along the coast, and seasons

of increased abundance in certain localities

have been followed by several years of poor
fishing. Downwcird fluctuations and periods

of scarcity have had adverse economic ef-

fects in certain localities and generally
have been viewed with alarm by the menhaden
industry. To investigate and, if possible,

to forecast these fluctuations, a program
of research was undertaken by the U. S. Fish

and Wildlife Service in 1955. The coastwise
program was tin expansion of a preliminary
study of the biology of the Atlantic menha-
den ( Brevoortia tyrsinnus ) initiated in 1952.

One of the major activities of the

research progrzun is concerned with sampling

the commercial catches. The immediate

objective of this work is to determine the

relation between changes in size and age

composition and fluctuations in the catch.

The data obtained also furnish information

on growth, migrations, mortality rates, and

sexual development of the fish.

This report presents the methods and

results of sampling the Atlantic menhaden
fishery from 1952 through 1955. In addi-

tion, information on purse-seine fishing

gear, methods, seasons, and locations,

together with a summeiry of the salient

features of the 1955 purse-seine fishery

are given to provide a background for the

conduct of the sampling program. Little

attempt has been made in this report to

offer detailed expljuiations or hypotheses
for certain findings, except to point out

some of the more outstanding features shown

by the data.
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AREAS

For purposes of summarizing and dis-
cussing the data herein reported, the Atlan-
tic coast arbitrarily has been divided into
what appear to be four natural fishing areas
(fig. 1). The boundaries between areas have
been drawn so as to pass through waters
where relatively little or no fishing occurs
£Uid, in general, represent the limits of the

operating rainge of vessels delivering to

reduction plants in the various localities.

South Atlantic Area : Waters between

Cape Canaveral, Fla. and a line running
due east from False Cape, Va. (lat. 36'

35' N. and long. 75" 53* W. ),

Chesapeake Bay Area : Chesapeake Bay
proper and coastal waters outside the Bay
lying between False Pape and Great Machi-
pongo Inlet, Va. (lat. 37° 22 • N. and

long. 75° 43' W. )

.

Middle Atlantic Area : Waters north of
Great Machipongo Inlet, Va. to a line run-

ning due south of Moriches Inlet (lat.
40° 46' N. and long. 72° 44' W.) on the

southern coast of Long Island.

North Atlantic Area : Waters along the

southern coast of Long Island, east of a

line due south of Moriches Inlet, Long
Island Sound, and waters northward.

THE MENHADEN FISHERY

Fishing Gear and Methods

The commercial fishery for menhaden
along the Atlantic coast is based on a single

species, Brevoortia tyr annus (Latrobe) — .

1/ A second species, Brevoortia smithi

(Hildrebrand), occurs in Florida waters,

but only scattered individuals appear
in purse-seine catches off Fernandina
Beach, Fla. A small gill-net fishery

for this species is conducted in Indian
River, Fla. The catch is sold locally
for bait.



The fish are caught in the inshore waters
principally by means of purse seines. A

small proportion of the catch (about 2 per-
cent) is taken by pound nets set expressly
for capturing migratory food species. Al-
though menhaden taken by the latter gear
usually are sold for bait, the spring "runs"
(in April and May) into the RaritcUi-Lower

New York Bay area and in Chesapeake Bay in

recent years have provided sufficient quan-
tities for reduction by plants located in
those areas.

Vessels employed in the purse-seine
fishery range from about 85 to 152 feet in

length and from 75 to 358 gross tons. Each
vessel carries a purse seine, two 30-foot
purse boats, and a striker boat. The seines
range from about 175 to 200 fathoms in

length from 9 to 15 fathoms in depth, with
1 3/4 inch stretched mesh. Most vessels are

equipped with a radio telephone cuid echo-
sounder. Radar also is becoming standard
equipment on many vessels. Recent adoption
of a brine cooling system in the holds of
several vessels for preservation of the

catch has enabled fishing to be conducted
at greater distances from the processing
plants.

On the fishing grounds the two purse
boats are towed together behind the "car-
rier" vessel, with half of the net in each
boat. Once the fish are located, a scout
in the striker boat maintains contact with
the school while the two purse boats ap-
proach the school. In setting the net, the
two purse boats separate and head in oppo-
site directions, each paying out its portion
of the net as it quickly completes a half-
circle around the school of fish. When the
two ends of the net are brought together,
the purse lines are run through a heavy lead
weight called a "tom" and secured to a

winch. The "tom" is dropped overboard and
closes off the bottom of the net as it rides
down the purse lines. When pursing is com-
pleted, the ends and bottom of the net are
hauled aboard the purse boats until the fish
are confined in the bunt between the two
purse boats. The recent introduction of
net-handling equipment, mounted in the purse
boats (fig. 2, p. 4), has somewhat reduced
the labor of the crew in drying up the net.
An average purse-seine set yields about 25
tons of fish; however, sets capturing up to

500 tons have been made. On most menhaden
vessels a fish pump is used for transferring
the catch from the net into the hold.

There has been a considerable increase
in the efficiency of purse-seine fishing
in recent years through the use of airplanes
for locating the fish and directing the

setting of the net. Planes were first used
on a large scale about 1946 and gained an

impetus after 1951 when loud speakers,
mounted on the bottom of the plane, were
used by the pilots to direct the encircling
of the fish by the purse boats. Soon after,

walkie-talkie radios were installed in the

purse boats, thus enabling the pilot to

talk directly with the captain. This new
method of fishing has greatly reduced scout-
ing time and also opened up new fishing
areas by showing the presence of sub-surface
schools of fish in deep waters.

Purse seining for menhaden is carried
on exclusively during daylight hours. The
vessels usually make daily runs to the fish-
ing grounds, landing the catches after dark
or when the hold has been filled. During
the fall months, when catches are running
light and loss from decomposition is negli-
gible, vessels occasionally may fish for
two consecutive days before returning to the

processing plants.

Fishing Seasons in

Different Localities

Menhaden generally are considered to

be surface-schooling fish; however, during
the late winter and early spring months,
they rarely are seen at the surface. During
April and May, there is a gradual influx of
fish into the inshore waters where they
congregate in dense schools. The seasonal
appearance of schools at the surface, there-
fore, is of fundamental importance in deter-
mining the beginning and end of purse-seine
fishing.

The dates of first and last purse-seine
landings in each locality from 1952 through
1955 are given in tcible 1 (p. 5). Although
the dates vsiried slightly from yeeir to year,

it is evident that the length of the fishing
season in a given area of the coast tends to
remain rather constant. The schools usually
first appear in April near the southerly
end of the range and successively later far-
ther northward. By June the fish range from
northern Florida to the Gulf of Maine. In
September or October the schools begin to
disappear from the most northerly areas, and
withdrawal proceeds from north to south
during October. In November and December



tremendous bodies of fish appejir off the

North Carolina coast and support a sizable

fishery until early January when they once

more disappear from coastal surface waters.

Fishinp Grounds

Some knowledge of the grounds fished

by the purse-seine fleet is furnished in

figure 1, which shows the location of menha-

den reduction plants on the Atlantic coast.

With the exception of those located in New
England, the reduction plsuits utilize menha-

den exclusively in the mcuiufacture of fish

meal, oil, and condensed solubles. Plcints

at Portland, Me., Gloucester, Mass., and

Point Judith, R. I., rely mainly on other

industrial species and the by-products of

the fish-filleting plants, but augment their

supply of raw material with menhaden during

seasons when this more desirjible species

appears in northern waters.

Figure 2. --Net-handling equipment mounted on a menhaden seine boat.
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Detailed information on the area

fished by the purse-seine fleet is fur-

nished from logbook records of daily fishing

activities kept by the vessel captains or

pilots. Logbooks, together with a chart of

the appropriate fishing grounds, are issued

to all vessels in the fleet at the beginning

of the season. A sample page of the logbook

is shown in figure 3. The logbook remains

the property of the vessel captain, and

duplicate carbon sheets are collected weekly

by staff members.

The charts used for locating the daily

fishing activities were adapted from those

developed for gathering fishery statistics

in the North Atlantic (Rounsefell, 1948).

These consist of standard navigation charts

of the Atlantic coast divided into the

following areas: Gulf of Maine, Southern

New England, Middle Atlantic-Chesapeake Bay,

South Carolina-Georgia, and Georgia-Florida.

A chart of the Southern New England Banks is

shown in figure 4. Catch data are recorded

by unit areas of 10 minutes of latitude and

10 minutes of longitude.

Logbooks were first used in the menha-

den purse-seine fishery in the Middle Atlan-

tic Area in 1952 and in 1955 were introduced

into the fleets in the other areas along

the coast. Data relating to fishing grounds

exploited by the Middle Atlantic purse-seine

fleet from 1952 through 1954 have been

summarized by June and Reintjes, 1957, cUid

Reintjes and Roithmayr (unpub. ms.) _'.

In summarizing the data for 1955, the

total number of sets within each unit area

was tabulated and plotted (figs. 5-7) to

2/ Survey of the ocean fisheries off Dela-
""

ware Bay - Supplemental report, 1954-58.

U. S. Fish and Wildlife Service, Bureau

of Commercial Fisheries, Biological
Laboratory, Beaufort, N. C.

FISHING LOGBOOK-PURSE SEINE VESSEL (MENHADEN)

DAtl
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show the distribution of total fishing
effort —' . It may be seen that the grounds
most heavily exploited were (1) off Cape
Lookout, (2) Chesapeake Bay, (3) along the

coasts of Maryland, Delaware, cind New Jer-
sey, (4) Delaware Bay, (5) southern Long
Islcind, and (6) Massachusetts Bay. Of the
total number of sets calculated from the

logbook data (25,652), about one- third was
made in those areas.

The 1955 Purse-Seine Fishery

A record catch of 685,000 tons of
Atlantic menhaden was landed by the purse-
seine fishery in 1955. The phenomenally
high catches in Chesapeake Bay and the

excellent catches in the North and Middle
Atlantic areas, together with the increased
yield of the fall and early winter fishery
in North Carolina, were mainly
responsible for the continued
upward trend in production
which had its beginning in

1952. In contrast to the high
levels of abundance in those
areas, the summer purse-seine
catch in the South Atlemtic
Area, particularly in Florida,
was generally poor.

The first purse-seine
catches of the 1955 season were
made in late March when two

vessels encountered scattered schools south
of Jacksonville, Fla. Additional vessels
entered the fishery in that area in April.
By mid-May, catches were sporadic in Florida
waters, and the vessels moved farther north-
ward. The plant at Yonges Island, S. C,
was opened in late May; however, fishing in
the area continued to be poor through the
summer, and two of the plants closed in
August. A small influx of fish into the
eirea in the fall enabled one plant to oper-
ate until early December.

In late April several large schools of
fish were sighted along the North Carolina
coast, and subsequent fishing at Southport
and Beaufort was good until mid-July. Tro-
pical cyclones interrupted operations in Au-
gust, and only scattered landings were made
during the remainder of the summer season.

_3/ Logbook information was
available from over 60

percent of the daily vessel
landings recorded in pro-
cessing plant records.
Because vessels from a

given plant locality nor-
mally operate as a fleet,
the number and location of
sets recorded by a szunple

of the fleet was used in

calculating total fishing
effort for each fleet.
This was accomplished by
multiplying the number of
sets recorded by the sample
fleet (by unit areas) by
the ratio of the total
number of daily vessel
landings to the number of
daily landings recorded
for the Scunple fleet.

I
' I

I
I I

I ' I
I

1 '
I

NUMBER OF SETS
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10-24
25-49 X
50-99 *
100-199 •
200 ond over I

WW

Figure 5. --Distribution of fishing effort in the South Atlantic Area, 1955.



The purse-seine season in Chesapeake

Bay officially opened May 30 — , and except

for roughly 20 days of poor fishing follow-
ing the tropical storms which swept that

area in August, catches were exceptionally
good throughout the summer cind fall. The

bulk of the catch through July was composed
of age-2 fish, after which time age-1 fish
predominated. The last landings in the Bay

were made on November 3. A catch of 153,000
tons established the second highest record

in the history of the Bay fishery.

Purse seining in the Middle Atlantic
Area commenced on May 18 when scattered,
small schools of fish were spotted along the

northern New Jersey coast from Barnegat Inlet

to Raritan Bay. Fishing in this area con-

tinued through the month. During the first
week in June, schools becsune increasingly

_4/ Virginia law prohibits purse-seine
fishing in Chesapeake Bay prior to the

last Monday in May.

•I .
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abundant along the southern New Jersey and
Delaware coasts, and by mid-June a fleet
of 46 vessels fished the area from Chinco-
teague, Va. , to Fire Island, N. Y. Except
for a 2-week period of rough weather in
August, when most of the fleet was tied up,

the entire area produced excellent catches
through the third week in October. In mid-
September, schools of larger fish moved
into Long Islcind Sound and around Montauk
Point; however, the schools were "wild",
and few of these fish were caught until the
last week of the season, when the entire
fleet fished from Long Branch, N. J., east-
ward to Fire Island Beach, N. Y. The purse-
seine catch in the Middle Atlantic Area
amounted to 328,000.

The first catches of the season in the
North Atlantic Area were taken in Naxraigan-
sett Bay on June 1 by Point Judith, R. I.,

vessels. During the following week, fish
were encountered in the vicinity of Montauk
Point, N. Y. , by the Amjigansett, N. Y.

,

vessels and in Massachusetts Bay by the
Gloucester, Mass. , vessels. The first land-

ings at Portland, Me., were made on June 21.

Fishing in the Casco Bay area was spotty
throughout the summer; however, vessel cap-
tains reported that schools were abundant,

,<^HVV

Figure 6. --Distribution of fishing effort in the Chesapeake
Bay and Middle Atlantic areas, 1955.

Figure 7. --Distribution of fishing effort in the North
Atlantic Area, 1955.



but too deep for productive fishing. The

last catches in that area were taken off

Mark Island on September 13. Massachusetts

Bay, Cape Cod Bay, and northern Long Island

Sound provided excellent fishing through

mid-October. A purse-seine catch of 83,000

tons established a new modern record in the

North Atlantic Area.

The first fish marking the fall "run"

into North Carolina waters were observed by

spotting planes in upper Pamlico Sound in

the vicinity of Oregon Inlet on October 18.

The first catches by a fleet of 49 vessels

were taken on October 27 off Drum Inlet.

Fishing on several large bodies of mostly

age-2 fish continued through November. On
December 2 a body of larger, older fish was

sighted between Cape Hatteras and Cape Look-

out, and the first catches were landed off
Drum Inlet on the following day. Because

of rough seas, only limited fishing was con-

ducted on this huge body of fish during the

next five days. Heavy landings during the

remainder of the season were corajxssed exclu-

sively of age-0 fish which were particularly

abundcuit in the inshore waters from Cape
Lookout to Bogue Inlet. Over 30,000 tons of
these small fish were caught during a 5-week
period commencing with December 8. Fishing
was terminated on January 13, 1956 when the

last schools were encountered off Bogue Inlet.

Data on the 1955 catch, catch per unit
of effort, and total fishing effort for the

purse-seine fishery axe given in tjible 2.

Catch per unit effort was calculated from
plant records of daily landings by individu-

al vessels cind logbook data. Total fishing
effort was calculated from the purse-seine
catch and the average catch per set. This
was the first year that these statistics
were available on a coas-twise basis.

The average catch per set for the

purse-seine fishery in 1955 amounted to

26.0 tons. Catch per unit effort for the

coast as a whole was highest for the North
Carolina fall fishery (38.7 tons), while

for the summer fishery it was greatest in

the North Atlantic (28.8 tons) and smallest

in the South Atlantic (18.8 tons).

Table 2.—Estimated catch (in tons), catch per unit effort (in tons), and total fishing

effort (number of sets), Atlantic Coast menhaden fishery, 1955



SAMPLING OF
THE COMMERCIAL CATCHES

The collection of ssunples from catches
landed by the purse-seine fishery was begun
at Lewes, Del., in 1952, From one to five
sEunples were obtained weekly at both Lewes
and Wildwood, N. J., during the 1952 and

1953 fishing seasons. Additional ssumples

were obtained at Tuckerton cind Port Monmouth,
N. J.; Gloucester, Mass.; and Portland, Me.

In 1954 periodic sampling was initiated at

Port Monmouth, N. J., cind Araagansett, N. Y.

A few additional samples also were collected

at Gloucester and Portland. Beginning in
1955, samples for the most part were ob-
tained each day that the vessels landed
catches at Fernsindina, Fla. ; Yonges Island,
S. C. ; Southport and Beaufort, N. C. ; Reed-
ville, Va. ; Lewes, Del.; Port Monmouth,
N. J.; Promised Land, N. Y. ; Gloucester,
Mass.; and Portland, Me. Additional samples
were obtained at Reedville, Va. , and Port
Monmouth, N, J. , during the spring pound-net
season (April and May) in those localities.
A tabulation of the number of samples taken
at each locality from 1952 through 1955 is
given in table 3.

Tatle 3 ---Number of samples taken from commercial catches, 1952-55

Year
Number of samples

Locality
Purse
seine

Pound net;
and otheri' Total

1952

1953

195I*

1955

Lewes, Del
Wildwood, N. J
Tuckerton, N. J
Port Monmouth, N. J. . .

New Jersey coast . . . .

Total . . . .

Lewes, Del
Wildwood, N. J
Tuckerton, N. J
Port Monmouth, N. J. . .

New Jersey coast . . . .

Gloucester, Mass

Total . . . .

Lewes, Del
Wildwood, N. J
Tuckerton, N. J
Port Monmouth , N . J . . .

New Jersey - southern
Long Island coasts . .

Amagansett, N. Y
Gloucester, Mass
Portland , Me

Total . . . .

Fernandina, Fla
Yonges Island, S. C. . .

Southport, N. C

Beaufort, N. C. (Summer).
North Carolina (Fall) . .

Reedville, Va
Lewes , Del
Port Monmouth, N. J. . .

New Jersey - southern
Long Island coasts . .

Amagansett, N. Y
Gloucester, Mass
Portland, Me

Total . . . .

1+8

3

1

2

5h

66
6
h

2

82

58
8

2

25

91

195

27
23
3h

67
65

139
119
138

92
23
28

755

12

12

12
20
2

22

56

U8

3

1

2

6

60

66
6
1+

2

2
h

8U

58-

8

2

25

12

91

207

27
23
31+

67

77
159
121
138

22

92
23

811

l/lncludes gill nets and haul seines

.
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Analysis of Sampling Methods

In the catch-sampling program, we are

concerned with changes in the population
over its entire range of distribution,
hence, our estimates of its various proper-
ties depend on: (1) how adequately the
fishery sajnples the population and (2) how
representative our samples are of the catch
from which they are drawn. Although the

relation between the commercial catches aind

the population is not known at present,
there is little doubt that the commercial
catches provide the best meains of assessing
the composition of the population. In
order to devise a system of sampling which
would furnish a true representation of the
commercial catches, results obtained in 1952

were used as a guide. The preliminary
findings have been verified from additional
material gathered in other areas along the
coast in subsequent years.

At the start of the sampling progrEun,

consideration was given to the selection of
the length measurement which was most repre-
sentative of the bulk of the fish. Compari-
sons were meide of the regressions of body
weight on fork length, total length, and

standard length ^ for 50 specimens, ranging
from 188 to 2 99 mm. fork length. Length
measurements, to the neeirest millimeter,
were made on a measuring board having a nose
block at one end and a millimeter scale
inlaid along the center of the bojird. The
fish were weighed to the nearest gram on a

triple-beam balance. All measurements were
made on fresh specimens. The
logarithmic standard errors of

estimate were computed (Snedecor, 1946) and
coefficients of variation obtained (by

taking the antilogarithms). The results
indicated that differences among the three
methods of measurement were inconsequential
(C = 10.3, 10.2, and 10.2 percent for fork
length, total length, and standard length,
respectively). From a practical standpoint
total length is not the most desirable
measurement because the tips of the caudal
fin often are broken or frayed on specimens
Cciught by purse seines. Standard- length
measurements not only are more difficult to

perform under adverse conditions aboard the

vessels, but also are time consuming. Fork-
length measurements, on the other hand, are

readily obtained, and rarely are the medijin

rays of the caudal fin damaged. Further-
more, the black pigment which marks the

tips of the median Cciudal fin rays afford a

precise endpoint for measurement. Accord-
ingly, fork length was chosen as the measure
of fish length.

Results of the first year's sampling
had shown that there is a distinct tendency
for fish of the same size eind age to school
together. Accordingly, the school was

chosen as the basic unit of sampling. Fur-
thermore, it was found that schools of
similar size and age tend to occur together
within an immediate area. In table 4, for
example, are given the length frequency
distributions of individual samples taken
from seven separate boat catches made in

different locations within Delaware Bay on
the same day. The maximum distance between

5_/ Fork length was measured
from the tip of the snout
(with the jaws closed) to

the median rays in the

fork of the caudal fin.
Total length is defined

as the straight-line dis-
tance from the tip of the
snout to the tip of the

caudal fin with the dorsal
and ventral rays pressed
together.

Standard length is the
length from the tip of the

snout to the anterior
swelling of the hypural
plate.

Table '.--Length frequency distributions of samples of Atlantic
menhaden taken from seven different locations within
Delaware Bay (September 9, 1952)



catch locations was 27 miles and the minimum

distance, 3 miles. An analysis of variance

(using coded values as outlined by Snedecor,

1946) indicated that samples were not drawn
S 1 8 17

from a homogeneous population (F = * -- =

10.38, whereas P 0.05 = ca. 2.84). Four of

the catches were separated by distances

greater than 12 miles; however, three of the

samples (0.38, 0.42, and 0.43) were taken

from catches made within three miles of each

other. The latter samples showed no statis-

tical difference in veiriance.

Comparisons of samples taken from dif-

ferent localities, but landed at the same

port, often were found to differ signifi-

cantly in length, weight, and age composi-

tion. Furthermore, marked variability
frequently occurred among sajnples from day

to day. In view of these results, the sys-

tem of sampling which we eulopted in 1955

consisted of tciking daily samples from a

large number of schools over the range of

the fishery. The number of samples obtained

at each port was roughly proportional to

both the number of vessels and the catch in

each locality. The catches from which the

samples were drawn were chosen at random;

however, if two or more widely separated
fishing areas were represented in the day's

catch, a sample was obtained from each.

Further consideration was given to the

number of fish to be measured so as to re-

present the size composition of the school
from which the sample was drawn. An ex£imple

is furnished by a sample of 500 fish drawn
from a single school catch (Sample 0.48,
Port Monmouth, N. J., September 18, 1952).
The vajricUice of the mean, 233 mm., was 117.9.

For t .05, n = 20 fish furnishes an approxi-
mation of the minimum sample size required
for estimating the mean to within 2 percent
(Snedecor, 1946). To eliminate bias in the

selection of fish for detailed measurements
and scale samples, it was decided that 100

fish would be chosen to represent a regular
sample. From the regular sample, 20 indi-

viduals would be selected by laying aside

every fifth fish. Results have shown that

samples thus collected are not materially
biased.

To determine whether size stratifica-
tion occurred in different parts of a vessel
load four single-school catches were exam-
ined. Five samples, of 100 fish each, were
drawn from different locations in the hold

of each vessel (Appendix table 1). The

vessel catches were chosen so as to repre-

sent different size groups of fish. An

analysis of varisince indicated no signifi-

cant difference among the sample means

140.22
within vessel catches (F = 1.26,

111.44
whereas P 0.05 = 1.64). Figure 8 shows the

age composition of the individual samples.

It is obvious, without recourse to statis-

tical procedures, that the vsirious age

groups were represented in the same propor-

tions throughout the individual samples

from a load. These preliminary results have

been verified from additional material
gathered in other localities along the coast.

VESSEL I V ES S E L 2 VESSEL 3 VESSEL 4

12 3

Figure 8. --Age composition from single-school catches.

Collection of Samples

Samples from the purse-seine catches

were taken directly from the hold of the

vessel. Fish were shoveled into buckets
from the top of the load, after first re-

moving the sun-dried fish from the upper

layer. Each sample thus was presumed

13



to represent fish from the last school
caught 6/^

The fork lengths of fish comprising
the sample were measured to the next lower

one-half centimeter (i.e. lengths between
240,0 and 244.9 mm. would be read 24.0 cm.,

etc.), except for every fifth fish which

was laid aside. The 20 fish thus selected

from each sample of 100 were examined to

determine whether scales were present. If

scales were missing from both sides of the

body, cinother fish of the same half-centi-
meter size class was substituted. These
individuals were measured to the nearest
millimeter £ind weighed to the nearest gram;

in addition, a scale sample was taken, eind

the sex and stage of sexual maturity were
noted. The date and location of the catch

also were recorded.

Scales were removed from the middle of
the left side, below the insertion of the

dorsal fin; or, if missing, from the right

side. Individual scale seimples were placed
in 2-dram vials containing water to which
a few drops of 2-percent phenol were added

to prevent mold formation. The vials were
inserted in wooden blocks for temporary
storage, each block holding 20 vials. The

blocks were identified by a corresponding
number placed on the accompanying data sheet.

Usually six scales which were symmetri-

cal and free from defects were selected from

each fish and mounted dry between two glass

slides. Ages were determined at the labora-

tory with the aid of an Eberbach projector

at a magnification of 40 diameters. Ages
were estimated from the number of rings

present on the scales. Fish having scjiles

without a ring were designed as age 0, those

with one ring as age 1, etc. Since ring
formation does not actually take place until

spring or early summer, a virtual ring was
credited at the edge of the sczile commencing
with January 1 until the new ring was visi-
ble (usually by May). Year classes were
designated by the year of spring hatching.
For example, a fish caught in July 1955 with
one ring on the scales would be assigned to

(A) MIDDLE ATLANTIC AREA
I9S2

1953

I9S4

(B) NORTH ATLANTIC AREA
1954

1234 56789
AGE

Figure 9. --Age composition of samples from menhaden
puise-seine catches (A) Middle Atlantic Area, 1952-
54 and (B) North Atlantic Area, 1954. The 1951 year
class is indicated by the shaded column.

the 1954 yeao: class. Validity of the scale

rings as age indicators in the Atljintic

menhaden has been established by McHugh,

Oglesby, and Pacheco (1959) and June and

Roithmayr (unpub. ms.) — .

AGE C0MPC6ITION

The average percentage age composition
of Seimples from the Middle Atljuitic purse-

seine catches from 1952 through 1954 and

_6/ Samples from the pound-net catches
probably represented more than one
school, since a landing normsilly in-

cludes the accumulated catch of one
or more day's fishing.

7/ Age determination of Atlantic menhaden
~ from scales. U. S. Fish and Wildlife

Service, Bureau of Commercial Fisheries,

Biological Laboratory, Beaufort, N. C.
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from the North Atlantic purse-seine catch

for 1954 is given in Appendix table 2.

Percentages represent numbers of fish —'.

The Middle Atlantic catch during the

period 1952-54 was characterized by the

progression through the fishery of the domi'

nant 1951 year class (fig. 9), It entered

the fishery in strength at age 1 in 1952

and contributed an estimated 742.9 million
fish to the catch in the area. Partly be-

cause of differential schooling and partly

because of selectivity of purse-seine gear,

this year class was not represented in true

proportion to its actual abundance until

the following year when, at

age 2, it contributed an esti-

mated 1,210.1 million fish to

the catch. Production in the

Eirea in 1953 reached a record

of over 378,000 tons. In

1954, as age-3 fish, the 1951

year class continued to domi-

nate the Middle Atlantic catch
and accounted for over four-
fifths of the catch in the
North Atlantic Area (bottom
panel fig. 9). The catch in

the latter area in that year
established a modern record of 79,000 tons.

The estimated contribution of this yesir

class to the 1954 summer fishery in both
areas exceeded 693.6 million fish.

The 1952 year class first appeared in

the Middle Atlantic fishery in 1953, but it

did not contribute appreciably to the catch
until 1954 when, as age-2 fish, it comprised
about one-third of the samples. The differ-
ence in its availability, as compared with
the 1951 year class, may have been due to

the overwhelming abundance of the latter.

During the 3-year period, 1952-54,
older year classes were not represented in

8/ Numbers of fish were calculated from
the total weight landed at each plant
in each week divided by the average
weight of the fish during that week.
The weekly percentage age composition
of the samples was used in allocating
the numbers of fish among the different
yesir classes. These were summed to

obtain the plant totals for the season.
Plzuit totals were summed to obtain area
totals.

the Middle Atlantic purse-seine catches

until fall when fishing shifted to schools

of larger fish which appeared along the

southern Long Island coast in September.

Over a period of several weeks, the schools

aggregated into large bodies in this local-

ity and provided excellent fishing until

middle or late October when the fish disap-

pecired from the surface.

The average percentage age composition
of samples from the entire Atlantic coast

purse-seine catch in 1955, together with
the calculated number of fish at each age,

are suinmzirized below.



AtlcLntic catch, but the 1951 (age 4) and
1952 (age 3) year classes also made substjin-
tial contributions. In the North Atlsintic
the 1951 year class formed over two-thirds
of the purse-seine catch, with the 1950
(age 5) and the 1952 year classes each con-
tributing about equally to the catch in the
area. The 1953 and 1954 year classes were
not represented in the samples from northern
waters.

It is evident from the above that the
age distributions in individual areas
differed considerably. The youngest age
groups, almost exclusively, contributed to
the summer catches in southern waters, while
successively older age groups dominated the
catches farther northward. While these
differences in age composition may be due,
in part, to differential availability of
certain age groups, they strongly suggest a
differential migration of the older (and
larger) fish during the summer months.

An influx of older fish into southern
waters in late fall is evident from the
change in age composition of the catch off
the North Carolina coast (bottom panel of
fig. 10). However, the striking feature of
the age composition is the overwhelming
dominance of the 1955 year class (age 0)
vrtiich appeared for the first time in quan-
tity in this locality during the last few
weeks of the 1955 season. This age group
comprised over four-fifths of the fall
catch, and its estimated contribution was
742.3 million fish. The significance of the
large number of these fish on the North
Carolina grounds is not as yet known.

The average percentage age composition
of samples from the 1955 spring (April and
May) pound-net catches in Chesapeake Bay and
in Raritan and Lower New York Bays is given
below. The age composition of the early
pound-net catch in Chesapeeike Bay closely
resembled that of the summer purse-seine
catches in that area (cf. Appendix table 3

and fig. 10), although the older age groups

Locality



the North Atlantic purse-seine catch for
1954 axe summarized in Appendix tables 5-8

and 16-19, The data are tabulated by sexes
separately and sexes combined. Individuals
which were aged, but for which sex was not
determined, are included in the total for
the age group.

The length composition of the Middle
Atlaintic purse-seine catch from 1952 through
1954 is illustrated in figure 11. The fre-
quency curves show the progression from year
to year of a single dominant mode through
the catch. Evidence that the progression of
this mode was due to the growth of the 1951
year class was furnished from an analysis of
the age data (cf. fig. 9).

The length and weight composition of
each age group in samples from the Atlantic
coast purse-seine catch for 1955 are sum-
mcirized in Appendix tables 9-13, 20, jind

22-25. Data from the 1955 spring pound-net
catches are tabulated separately in Appendix
tables 15, 16, 21, and 26.

The length composition of the purse-
seine catches in individual areas along the
coast in 1955 is illustrated in figure 12.
The outstanding feature of the length distri-
butions is the marked diversity in position
and shape of the curves for the different
areas. Those representing the summer catches
show a progressive increase in length of the
fish from south to north, and the spread in
length distribution tends to be greater in
southern waters (South Atlantic and Chesa-
peake Bay). In general, the major modes
represent the predominant age groups in the
individual areas. It is obvious that the
fishery in each area was supported by dif-
ferent groups of fish.

In the South Atlantic, fish in summer
catches ranged from about 110 to 235 milli-
meters in length, with a dominant mode at

-1—T=n—i—I—I—I I I

180 ?nn 220 240 260 280 300 320 340

FORK LENGTH IN MILLIMETERS



about 172 nun. The curve for Chesapeake Bay
shows two prominent modes, one at 202 mm.,

and the second at roughly 242 mm. In the

Middle Atlzmtic the dominant mode appears
at 278 mm., while in the North Atlantic, it

occurs at roughly 302 mm. The length fre-
quency distribution for the North Carolina
fall fishery, in general, shows the presence
of most of the size groups represented in

the summer catches north of Cape Hatteras,
thus demonstrating the southward migration
of fish in the fall. The appearance of
a new mode, at about 115 mm., represents
young-of-the-year fish (age 0) which emi-
grated from estuarine nursery areas cuid

appeared in the catch for the first time in

large numbers.

Comparison of the average lengths and
weights of fish in 1955 (Appendix tables
31-37) indicates that fish from the northern
end of the range were larger and heavier at
each atge than those from the southern end
of the range. Fish from the central part
of the range were intermediate in average
length and weight between the northern and
southern areas. The data for all years
further show that females were larger smd
heavier at older ages than the males, while
at younger ages the males were slightly
larger and heavier, although the difference
was slight. Furthermore, the difference in
average length and weight between the sexes
was much greater in northern waters than in
southern waters.

Comparison of the average length and
weight of individual year classes at dif-
ferent ages is furnished in the following
tiibulation based on samples from the Middle

Year



10.

11.

Atlantic in that ycEir, while successively
older age groups contributed to the

catch in each more northerly locality.
The 1955 year class (age 0) made an

outstanding contribution to the fall
fishery of the North Carolina coast.

Length composition of samples taken
from the Middle Atljintic pound-net and

purse-seine catches from 1952 through
1954 showed the growth and passage
through the fishery of the dominant 1951

year class.

Length data for the entire coast in

1955 revealed a progressive increase in

the size of fish comprising the catches
from south to north. Most of the size

groups which contributed to the summer

fishery north of Cape Hatteras were
represented in the fall catches off the

North Carolina coast. In addition,
young-of-the-year fish were represented
in the catches in the latter area.

A comparison of the average lengths and

weights indicated that fish from the
northern end of the range were larger
and heavier at each cige than those from
the southern end. Fish from the central
part of the range were intermediate in

average length and weight between the

northern and southern areas.

Female Atlantic menhaden were found to

be lenget and heavier at older ages than
the males, and this difference was
greatest in the northern sire as.
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Appendix Table 1.—Length frequency distributions of samples from single-school catches

Fork



Apjjendlx Table 2.—Age composition (in percent)!' of samples from catches hy area, 1952- 5U
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Appendix Tatle 26.—Weight frequency distributions by age and sex of samples from spring pound-net catches,
Middle Atlantic Area, 1955



Appendix Table 27- --Mean fork length and weight of fish
by age and sex in samples from purse-

seine catches, Middle Atlantic Area,

1952
(Numbers of fish in parentheses)

FORK LENGTH (mm.)

Age



Appendix Tatle 28.—Mean fork length and weight of fish
"by age and sex in samples from purse-
seine catches, Middle Atlantic Area,

1953
(Numbers of fish in parentheses)

FORK LENGTH (mm.)

Age



Appendix Table 29-—Mean fork length and weight of fish
"by age and sex in samples from purse-

seine catches. Middle Atlantic Area,
195i+

(Wtunbers of fish in parentheses)

FORK LENGTH (mm.)

Age



Appendix Table 30.—Mean fork length and weight of fish
by age and sex in samples from purse

-

seine catches, North Atlantic Area,

195^
(N^Im^^ers of fish in parentheses)

PORK LENGTH (mm.)

Age



Appendix Table 31 •--Mean fork length and weight of fish
by age and sex in samples from purse-
seine catches, South Atlantic Area,

1955) excluding North Carolina fall
fishery

(Numbers of fish in parentheses)

FORK LENGTH (ram.)

Age



Appendix Table 32.—Mean fork length and weight of fish
by age and sex in samples from purse

-

seine catches, Chesapeake Bay Area,

1955
(Nximbers of fish in parentheses)

FORK LENGTH (mm.

Age



Appendix Table 33-—Mean fork length and weight of fish
by age and sex in samples from ptirse-

seine catches, Middle Atlantic Area,

1955
(Numbers of fish in parentheses)



Appendix Table 3^ Mean fork length and weight of fish
by age and sex in samples from ptirse-

seine catches, North Atlantic Area,

1955
(Numbers of fish in parentheses)

FORK LENGTH (mm.)

Age



Appendix Tatle 35-—Mean fork length and weight of fish
hy age and sex In samples from purse

-

seine catches. North Carolina fall
fishery, 1955

(Numbers of fish in parentheses)

FORK LENGTH (ram.)

Age



Appendix Tatle 36. --Mean fork length and weight of fish
hy age and sex in samples from spring
pound-net catches, Chesapeake Bay Area,

1955
(Numbers of fish in parentheses)

FORK LENGTH (mm.)

Age



Appendix Table 37 ---Mean fork length and weight of fish hy age
and sex in samples from spring pound-net
catches, Middle Atlantic Area, 1955

(Numbers of fish in parentheses)
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