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Atlantic Menhaden (Brernortia tyninniis)

Resource and Fishery—Analysis of Decline

By

KENNETH A. HENRY,' Fishery Biologist

National Marine Fisheries Service Biological Laboratory

Seattle, Washington 98102

ABSTRACT

After record catches in 1961 and 1962 of about 2.3 billion pounds (1.043 million

metric tons) of menhaden (Brevoortia spp.), the U.S. catch declined to about 1.2 billion

pounds (0.544 million metric tons) in 1967. Most of the decrease was in the North

Atlantic and Middle Atlantic. Since about 1940, catches had increased, in general, with

increased fishing effort. In recent years, however, the catch per unit of effort (a standard

vessel day) has declined markedly. It fell from about 148,000 pounds (67.1 metric tons)

in 1962 to about 38,000 pounds (17.2 metric tons) in 1967 in the North Atlantic and

from 140,000 pounds (63.5 metric tons) in 1962 to 51,000 pounds (23.1 metric tons) in

1967 in the Middle Atlantic. The catch per unit of effort in these two areas improved in

1968, but fishing effort was at such a low level that the increase is of doubtful

significance.

Other possible units of effort such as catch per vessel week and catch per landing day

are examined. In 1964, the catch in Chesapeake Bay exceeded the catch in the Middle

Atlantic for the first time; in 1968, the Chesapeake Bay catch amounted to 63% of the

total summer catch of Atlantic menhaden (B. tyrannus). In recent years, over 90% of the

fish in the total catch were immature. A relation is established between the estimated

abundance of juvenile Atlantic menhaden, based on trawling, and the total catch from the

year class. A stock-recruitment relation, based on catch per unit of effort in the Middle

Atlantic and total catch from the year class, indicates that the spawning stock is below
optimum size.

INTRODUCTION Menhaden accounted for 34% of the total

domestic catch of all species in 1968. The
Menhaden ('Breyoorfw spp.) along the Atlan- catch is processed into (1) fish meal, used

tic coast and the Gulf of Mexico support the mainly as a supplement for poultry feed, and

largest U.S. commercial fishery in terms of (2) fish oil, used in the manufacture of paint,

pounds landed. They rank, excluding shellfish, lubricants, cosmetics, and a variety of other

next to salmon and tuna in dollar value. products.

Formerly Laboratory Director, Bureau of Commercial Fisheries, Biological Laboratory, Beaufort, North Carolina.



There are two separate United States men-
haden fisheries, one along the Atlantic Coast

and another along the Gulf of Mexico. Al-

though both fisheries depend primarily on
purse seine fishing gear, each fishery catches a

different species of menhaden. Formerly the

Atlantic fishery annually produced the most
poundage of menhaden, but since 1962 has

been overtaken by Gulf landings (Fig. 1).

s ,.
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Figure l.-Catch of menhaden, 1942-68.

In recent years the menhaden fishery has

experienced a serious decline in production.

After record catches in 1961 and 1962 of

about 2.3 billion pounds (1.043 million metric

tons) for the Atlantic and Gulf of Mexico
combined, the catch dechned to about 1.2

billion pounds (0.544 milhon metric tons) in

1967 and increased only slightly in 1968 to

about 1.4 billion pounds (0.635 million metric

tons).

Most of the decline in menhaden landings

has been in the Atlantic coast fishery where the

catch declined from 1.3 billion pounds (0.590

million metric tons) in 1962 to 0.55 billion

pounds (0.249 million metric tons) in 1968, a

58% decline. The increase in the catch in 1968
must be considered relatively insignificant

when compared with previous catches (Fig. 2).

Thus, the 1968 Atlantic catch was not only

below the average annual catch for the 5 years

of continued low production (1963-67) but

also less than one half the average annual catch

for the 10-year period (1953-62). It also is

apparent from Figure 2 that the trend of the

Atlantic landings for the year is established

relatively early in the fishing season.

On the Atlantic coast the fishery is in most
instances a single-day operation; the boats leave

Figure 2.—Cumulative annual catch of Atlantic men-
haden at end of each month of fishing season.

early in the morning and return to the plants

the same day. In recent years, with reduced

abundance of fish, some boats have stayed out

for more than 1 day, particularly in the more
northern fishing areas. For a more detailed

description of the fishing operations, see Henry

(1969).

When the catch of Atlantic menhaden
amounted to only 0.6 billion pounds (0.272

million metric tons) in 1964, a 0.7 billion

pound (0.318 million metric ton) drop in only

2 years, there was considerable concern about

the resource both within the industry and the

Bureau of Commercial Fisheries. At that time,

I published a report (Henry, 1965), based on
data through 1964, discussing some of the

changes that were taking place in the fishery

such as reduced catches and changes in fishing

effort, fishing areas, and average age. I also

discussed various methods of estimating the

abundance of year classes. Also in 1964 re-

search, which the Bureau started on this

resource in 1955, was greatly expanded. After

several additional years of continued low cat-

ches, it seems appropriate to continue the

analysis of my previous paper for any signifi-

cant changes in the expected trends and con-

ditions of the resource. In this report I have

continued, through the 1968 season, analyses

and interpretations I have made of this fishery

relating to the decline in abundance and the

relationships between the fishing areas. Some
data on migrations, age, and growth are in-

cluded to emphasize that the decline would

have been greater except for a compensating



increase in growth of the fish and to show the

interrelation between the various fishing areas.

Admittedly some of the analyses contained in

this report require additional study and I hope

my discussions will stimulate this effort by

other investigators.

GENERAL BIOLOGY AND STRUCTURE OF
THE ATLANTIC MENHADEN POPULATION

Menhaden have a rather complicated life

history. Although menhaden spawn in oceanic

waters (Sutherland, 1963), the larvae enter

estuaries and spend several months in the

tributary streams reaching almost to fresh

water (Fig. 3). Whether some larvae remain in

the ocean is not known. During this period in

the tributary streams they metamorphose from

larvae into juveniles. Then, in late summer the

juveniles leave the tributaries and return to the

bays, sounds, and eventually the ocean.

In the ocean, Atlantic menhaden undertake

rather extensive migrations—generally north-

ward in the spring and summer and southward

in the fall. Furthermore, as menhaden grow

older they tend to migrate farther northward

each year so during the summer fishery you
generally have older fish to the north and

younger fish to the south. Throughout the

summer the fish generally are in water less than

20 fathoms deep and are in great concentra-

tions in localities with extensive estuarine

drainage systems, such as Chesapeake Bay.

Most of the menhaden in Chesapeake Bay are

reported to inhabit the bay throughout the

year while they are immature 1 and 2 year old

fish. When they reach maturity at the end of

that third season of growth—as 2+ fish (Higham

and Nicholson, 1964)—they leave the bay and

enter into the migrations and fisheries along

the coast.

Age of Fish

Since 1955, the Bureau of Commercial

Fisheries, and now the National Marine Fish-

eries Service, have regularly sampled the com-

mercial menhaden landings to obtain informa-

tion on the sex, age, and size composition of

the Atlantic menhaden resource. The pro-

cedures and results of the sampling were

TRANSFORMING PREJUVENILE OCEAN

ESTUARY
\

ADVANCED LARVA

INTfRMEOIATE LARVA \
WEEK OLD LARVA

\
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/

— O
FERTILIZED ECG

SPAWNING ADULTS

Figure 3.—Life cycle of Atlantic menhaden.



presented in a series of reports; 1962 is the

latest year for which data have been pubUshed

(Nicholson and Higham, 1965).

The age composition of the annual catches

of Atlantic menhaden from 1955 through 1968

are shown in Figure 4. It is apparent that ^e-1

and -2 fish make up the bulk of the catch in

most years. Larger catches persist through the

older age groups only when an especially large

year class, such as 1951 or 1958, is present.

®e

Figure 4.—Age composition (%) of Atlantic menhaden
in purse seine catches, 1955-68.

Figure 5 shows the catch per standard vessel

day by age group and fishing area for 1955 and

1966-68. The calculated catch by age for

the various fishing areas is listed in appendix

table 1.

The average age of Atlantic menhaden varies

annually both between and within fishing

areas. In general, the average ^e tends to

increase from south to north through the

fishery (Fig. 6).

The average age of the menhaden caught

annually in all areas combined as well as the

percentage of fish under 3 years of age (im-

matures) in the catch are shown in Figure 7. In

recent years about 90% of the total catch has

been immature fish. The mean age for 1955-68

was 1.67 years. Additional discussion on the

average age may be found in the appendix.

Growth of Fish

The apparent growth rate of Atlantic men-

haden varies in the different fishing areas.

Atlantic menhaden are relatively fast growing,

at least up to age 4 after which the growth

4,500



Figure 7.—Percentage of the total annual catch of

Atlantic menhaden which were 0-. 1-, and 2-year olds

(solid line) compared to the average age of fish in the

catch (dashed line). 1955-68.
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THE FISHERY

The Atlantic menhaden fishery extends from
New England to Florida and for convenience of

discussion has been divided into four ge-

ographic areas: North Atlantic, Middle Atlan-

tic, Chesapeake Bay, and South Atlantic (Fig.

10). In addition to a summer fishery that

generally extends from about May to October
in the four areas, there is a fall fishery which
depends primarily on maturing fish migrating

from the north to spawn off the North
Carolina and South Atlantic coast. Further-

more, there is some biological basis for this

division. Although there is considerable inter-

change of fish between those areas throughout
the fishing season, the Chesapeake Bay and
South Atlantic catches consist principally of 1

\



factors. The number of days each vessel landed

menhaden was then multiplied annually by the

appropriate weighting factor to give the num-
ber of standard vessel days. The relation of a

vessel's weighting factor to other features of

the vessel such as weight and length is ex-

amined later in the paper.

Figure 11 shows the relation between the

calculated standard vessel days and the actual

landing days for the Chesapeake Bay fishery.

Of the total standard vessel days calculated for

the 1968 Atlantic menhaden fishery, 58% were
from the Chesapeake Bay fishery. It is obvious

from Figure 11 that the trends for the two
lines are similar and that the standard vessel

day is a fairly constant percentage of the actual

landing days.

o2000 -
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a highly significant correlation coefficient of r

= 0.981 (P < .01, 12 df). Thus, whether

standard vessel days or vessel weeks were used,

the conclusions would be similar.

On the basis of these analyses it appears that

the standard vessel landing day probably well

represents the trend of the fishing effort for

Atlantic menhaden but underestimates the

actual amount of fishing. Even the landing days

themselves are a fairly reliable index of the

changes in fishing effort over a number of

years, although landing days make no allow-

ance for differences between vessels. As
pointed out previously, there even is a good

correlation between standard vessel days and

vessel weeks. With reduced stocks, however,

the amount of unsuccessful fishing has in-

creased and the standard vessel landing days

and the landing days are underestimating fish-

ing effort even more in recent years. However,

this can and should be corrected through the

use of logbook data.

The standard vessel day as originally calcu-

lated makes no allowance for changes that have

increased the efficiency of the fishing fleet,

particularly since the early 1950's. Besides the

introduction of newer and larger boats, innova-

tions such as power blocks, fish pumps, nylon

nets, and airplanes have been added (Henry,

1968). The airplanes, in particular, have greatly

increased the searching ability of the menhaden
fleet. These factors have not been considered

in calculating the standard vessel days; how-
ever, most of these improvements occurred

rather rapidly in the mid-1950's so effort since

that time would be comparable. A comparison

between effort before and after the mid-1950's

would be of more doubtful validity.

Another undesirable feature of the standard

vessel day is that since catch comparisons were

made only in certain years for specific vessels

there was no consistent and precise method to

assign a weighting factor to new vessels that

subsequently entered the fishery. Con-
sequently, it is important if some physical

feature of a menhaden vessel can be related to

the catching ability of the vessel. A number of

features, including horsepower, gross tonnage,

net tonnage, and age of vessel were examined.

In other fisheries, including the Gulf menhaden
and Peruvian anchovy (Schaefer, 1967), gross

tonnage of the fishing vessel has been related to



cally built for menhaden fishing, leading to a

variety of vessel types in the fishing fleet.

Although there is a relation between gross

tonnage and net tonnage, at least for the larger

vessels, there also is tremendous variability for

the smaller vessels (Fig. 18). This variabihty

clearly emphasizes the diverse nature of the

fleet menhaden vessels. On the other hand, a

significant relation between length of vessel

and catch does exist (Fig. 19), although one

group of vessels in the 30- to 50-m range is

much more effective (weighting factor of 5 vs.

3).

It might be appropriate at this point to

summarize briefly the results of my analyses on
a suitable unit of fishing effort for Atlantic

menhaden. A number of possible units of

effort were examined including: (1) vessel fish-

ing days, (2) vessel landing days, (3) vessel

weeks, and (4) standard vessel landing days. In

addition, vessel tonnage and length were re-

lated to the relative fishing power of the vessel.

In this report I have used the standard vessel

landing day as a measure of fishing effort.

However, all these units were rather similar and
any one of them could have been used without

altering the results and conclusions I reached in

this report.

I 2 3 4 5 6
WEIGHTING FACTOR FOR RELATIVE FISHING POWER

Figure 19.—Relation between weighting factor for rela-

tive fishing power and length of purse seine vessels in

Chesapeal^e Bay.

The major drawbacks for the units of effort

other than standard vessel day were as follows:

(1) for vessel fishing days—data not readily

available, needs to be estimated from logbooks;

(2) for vessel landing days—makes no allowance

for differences in fishing power of the various

vessels or for days of zero catches, and (3) for
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vessel weeks—reduces the amount of data and
the accuracy of the estimates. Although there

have been changes in the efficiency of the

vessels, these would be most important in

comparisons of effort before and after the

mid-1950's. For future studies of this resource,

I believe the best unit of effort would be a

standard vessel fishing day (includes days of

zero landings and allowances for differing

fishing power) possibly related to the length of

the vessel. Studies also should be undertaken to

estimate the increased efficiency of the gear in

recent years.

Changes in the Distribution of Landing and

Fishing Effort

The annual catches of Atlantic menhaden
from 1940 through 1968, for the four summer
fishing areas, as well as for the North Carolina

fall fishery, are shown in Figure 20. In my
earlier publication (Henry, 1965), which listed

catches through 1964, I stated "The decline in

the catches in the Middle Atlantic and North

Atlantic Areas in 1963 and 1964 is of deep

concern to the fishing industry." It is apparent

that the production in these two areas has

declined even more in the 4 years since 1964,

causing increased concern. The extent of

change in the various fishing areas can be seen

somewhat better if the annual catches are

compared with the mean catch over the past 10

years (Fig. 21). It is obvious from these data

that production has been down in recent years

in all areas. In only two instances since 1963
(South Atlantic—1964; North Carolina fall

fishery—1966) have any of the annual area

catches exceeded the 10-year average annual

catch.

The summer fishery in the South Atlantic

area actually encompasses two separate fishing

areas: (1) off North Carolina, and (2) off Flori-

da-Georgia. Some fish were landed in South
Carolina through 1959—these have been

included with the annual Florida catches. In

Figure 22, the catches for North Carolina and
Florida -South Carolina are plotted separately

as annual deviations from the average catch in

each area for the 10-year period 1959-68. The
annual landings in these two areas do not

fluctuate in the same manner. These differen-
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Figure 25.—Catch of Atlantic menhaden by area (%),

summer fishery, 1955-68.

areas in the summer fishery (Fig. 25). In 1964,

for the first time, the catch in Chesapeake Bay
exceeded the catch from the Middle Atlantic;

this situation has continued in succeeding

years. In 1968, the Chesapeake Bay catch was
63% of the total summer catch of Atlantic

menhaden. With a major portion of the catch

made in Chesapeake Bay, it is obvious that

what happens in Chesapeake Bay has a sig-

nificant effect on the total resource.

The percentage of the total catch of a given

year class caught in the Middle Atlantic and

Chesapeake Bay Areas through the 1966 year

class (Table 1) was another comparison to

show the changes that have taken place in the

fishery. The present comparison is limited to

fish up to age 3 since relatively few older fish

are caught in the present day fishery. Of the

total catch of 0-, 1-, 2-, and 3-year-old men-
haden from the 1954 year class caught in the

Chesapeake Bay and Middle Atlantic Areas,

only 32% were caught in the Chesapeake Bay
Area and 68% in the Middle Atlantic Area. The
percentage of fish of these ages caught in the

Chesapeake Bay area increased quite consis-

tently for subsequent year classes. For the last

3 year classes listed (1964-66), over 90% of the

Table 1.—Estimated millions of menhaden of different year classes caught as ages 0,

1, 2, and 3 in the Chesapeake Bay and Middle Atlantic Areas and percentage of the

catch taken in each area, 1954-66.

Year



fish ages 0-3 caught in these two areas were
taken in Chesapeake Bay. Thus, for the per-

centages shown for the 1966 year class, even if

the 1966 year class were the same size as the

1954 year class, the Middle Atlantic catch

would have been only about one-seventh as

large for the 1966 year class as it had been for

the 1954 year class.

One of the major reasons for the increased

importance of the Chesapeake Bay Area is the

increased effort in that fishery, coupled with

the decreased effort in the Middle and North
Atlantic Areas (Fig. 26). For example, in 1955,
the fishing effort in Chesapeake Bay (689
standard vessel days) was only 24% of the total

effort for the Atlantic menhaden fishery. In

1968, in spite of a 22% reduction in effort

from the previous year in Chesapeake Bay, the

fishing effort in Chesapeake Bay (2,291 stand-

ard vessel days) had climbed to 58% of the

total Atlantic effort. This increased proportion

of the fishing effort in Chesapeake Bay was the

obvious result of the decreased abundance of

fish in the other area.
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Figure 26.—Atlantic Menhaden fishing effort in stand-

ard vessel days by area, 1941-68.

Fishing effort dropped in Chesapeake Bay in

1968 when a number of the boats did not fish.

Unfortunately, the reduction of boats was not

sufficient to reduce the catch; in fact, the catch

in 1968 actually increased. We are not yet

certain why the catch increased, although I do
not believe it indicates a significant improve-

ment in the Atlantic menhaden stocks for the

following reasons. For most year classes, more
menhaden are caught in Chesapeake Bay as

1-year-old fish than any other age group.

However, for the 1966 year class, more were

caught as 2-year-olds in 1968 than as 1 -year-

olds in 1957. This, I believe, was a major factor

in the increased catch in 1968. Better catches

were made mainly during July and there is

some evidence, particularly from our tagging

studies, that this may have been due to

increased availability of the fish rather than to

increased abundance. The 1969 Atlantic men-
haden catch for the entire coast was about 30%
below 1968, a circumstance which tended to

indicate that the stocks had not significantly

improved.

In my 1965 publication I pointed out that

after 1962, although the fishing effort in

Chesapeake Bay increased, the catch did not

increase proportionally. This phenomenon of

course resulted in a decreased catch per unit of

fishing effort. The catch per unit of effort

declined not only in Chesapeake Bay but also

in the Middle and North Atlantic Fishing Areas

(Fig. 27). This declining catch per unit of

effort continued through 1967.

Although a substantial increase in the catch

per unit of effort in 1968 also is shown for the

Middle and North Atlantic Areas as well as for

the North Carolina fall fishery, these should

not be given too much importance. In view of

the low level of fishing effort in the Middle and

North Atlantic Areas and the more selective

nature of the current fishery, I do not believe

the catch per unit of effort in 1968 was a true

measure of the relative abundance of the stock

in comparison with previous years. In the

North Carolina fall fishery fishing is so limited

in time and adversely affected by weather that

I do not believe the catch per unit of effort has

much significance. You will note that there has

not been a decreasing trend in the catch per

unit of effort in the North Carolina fall fishery

as there has been in the other areas.
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Figure 27.—Atlantic menhaden catch per unit of effort

by area, 1940-68.

A relation between the Chesapeake Bay and

Middle Atlantic menhaden fisheries can be

shown by a comparison of catch per unit of

effort for various ages of fish caught in the two
areas (Fig. 28). This relation between the catch

per unit of effort of 1- and 2-year-old men-

haden in Chesapeake Bay and the catch per

* *~ 200
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to over 8,000 SVLD in the early 1960's. A
large portion of this increased fishing effort

occurred in the Chesapeake Bay fishery, which

catches mainly immature, age-1 and age-2 fish.

The dominant role that the 1958 year class

played in the catches through the early 1960's

can better be seen from Figure 29, where the

annual catches by age are shown.

Figure 29.—Number of Atlantic menhaden of ages 0-4+

caught in the purse seine fishery, 1955-68 (black

areas show 1958 year-class).

To see the true effect of the 1958 year class

on the annual catches, the numbers of each age

group caught annually should be weighted by

the average weight of the fish to give the catch

in weight. This has been done in Figure 30.

Thus, in 1959, the age-1 fish from the 1958

year class contributed more weight to the catch

than any other age group. Again, as 2-year-old

fish in 1960, 3-year-olds in 1961 and 4-year-

olds in 1962, this yeEir class contributed more
weight to the annual catch for any given age

than any other year class during this period.

This can be seen a little easier in Figure 31

where the catch by weight is grouped by age of

fish and year class. When the 1958 year class

virtually disappeared from the catch in 1963

and there were no subsequent strong year

classes, it is not surprising that the landings

declined.

Thus, in the early 1960's the Atlantic

menhaden resource was in the predicament of

high levels of fishing effort, magnified by
improved efficiency of the fishery (Henry,

1968), coupled with the lack of any strong
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Figure 31—Total weight, by age and year-class, of catches of Atlantic menhaden,

1951-68.

sampling crews visit a number of these tribu-

taries and estimate tlie abundance of juvenile

menhaden on the basis of catches in a surface

trawl hauled between two boats. Relative

abundance estimates are also made from aerial

surveys later in the fall to corroborate these

earlier findings. Although the relative abun-

dance estimates have been made since 1962,

more extensive coverage of the myriad of

tributaries along the Atlantic coast has been

achieved only in recent years; sampling tech-

niques also have improved markedly over

earlier years.

These estimates of abundance of juvenile

menhaden are the first indication of the

strength of the year class. Consequently, they

are of vital importance to the fishing industry

and would be important in any management
plan for the resource. The relation between the

index of juvenile menhaden abundance, based

on the catch per 5-minute towing of a surface

trawl in a number of related and comparable

streams along the Atlantic coasts, and the total

catch from the year classes in the purse seine

fishery, is shown in Figure 32. The indices for

the 1962 and 1963 year classes obviously were

1 7



much too large in comparison with the ulti-

mate total catch from the year class. A positive

relation appears for the next four year classes,

however.

Admittedly, the total catch of these four

year classes is partially estimated since they

have not yet passed completely through the

fishery. The bulk of the catch has already been

made from them, however, so any change in

the estimates will not materially affect the

relation shown. Considering the additional

refinement that can be applied to these data,

such as weighting the relative abundance

indices for tributaries or sections of the coast

on the basis of actual contribution to the

fishery (which will be possible as the result of

contemplated tagging studies), I believe this

work is very encouraging and extremely

important to the menhaden studies. The total

catch data are not yet available for the 1968
year class, but the relative index of abundance

for this year class (0.68) is noted in Figure 32.

This would indicate a potential total catch of

about 1.5 billion fish from this year class.

Another possible estimate of the strength of

the year class is a relation between the catch of

0-age fish and the total catch of the year class.

This relation permits us to go back before our

juvenile abundance surveys were undertaken,

to when our aging work started in 1955. Two
sets of data are plotted in Figure 32 for each

year class: total catch of the year class includ-

ing 0-age fish and total catch excluding 0-age

fish. These 0-age fish are only partially avail-

able to the fishery, and their inclusion could

mask a relation that might exist for the older

fish. However, these data show that the two

largest year classes (1964 and 1966) also had

the largest catch of 0-age fish.

To avoid correlating the 0-age group with

itself to some extent, I have compared the

catch of 0-age fish with the total catch of all

other ages for the year class (Fig. 33). It is

apparent that the 1956 and 1958 year classes

do not fit the relation which is indicated for

the other year classes. If we temporarily ignore

these two aberrant year classes, there is a

significant correlation for the other 10 year

classes (r = 0.889, 8 df ), and a linear

regression line for these data is plotted on the

graph.

Returning to the 1956 and 1958 year

CATCH OF 0-AGE FISH I HUNDREDS OF THOUSANDS)

Figure 33.—Relation between catch of 0-age fish and

total catch of all other ages, Atlantic menhaden,

1955-66 year-class.

classes, there must be some valid reason for

excluding them from the analysis, or this

relation is of doubtful value. Fortunately, if we
look at Appendix Figure 1, which shows the

weight data for menhaden caught in Chesa-

peake Bay, we see that the 1956 and 1958 year

classes produced the smallest fish on record

during this period (i.e., as 1-year-olds in 1957

and 1959 and as 2-year-olds in 1958 and

1960). It may well be that these fish were too

small as O's to enter the catch in proportion to

their abundance. It appears that there is a

definite relation between the catch of 0-age

fish and the catch of all other ages, by year

class, except that this relation must be modi-

fied by the size of the fish. I do not plan to

pursue this, but hope this prehminary analysis

will stimulate additional study.

To verify our estimates of year-class strength

based on: (1) relative juvenile abundance

estimates and (2) catch of 0-age fish in the

commercial fishery, we can make an additional

comparison between the catch of age-1 fish in

the fishery and the total catch of ages 0-3, by

year class (Fig. 34). I limited the analysis to

fish of ages 0-3 so final figures for each year

class could be available within 4 years. Only a

small percentage of the catch of a year class is

from fish over age 3, so these data basically

reflect the year-class strength. As the data

become available, total catch of the year class

could be used in this analysis. Here again a

positive relation exists (r = 0.98, P < 0.01), and

the low abundance of recent year classes can be
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CATCH OF AGE-I (eiLLlONS OF FISH)

Figure 34.—Catch of age-1 Atlantic meniiaden com-

pared to total catch of ages 0-3 bv year-class,

1955-67.

seen readily. Although the total catch data are

not yet available for the 1967 year class, I have

listed the catch of age 1 fish in 1968 from the

1967 year class. This catch, 0.382 billion age 1

fish, would indicate a potential total catch

from the 1967 year class, through 1970, of less

than 1 biUion fish.

Mortality Rates

Mortality rates of Atlantic menhaden have

been estimated, although accurate separation

of natural mortality and total mortality is not

yet possible. On the basis of the catch-effort

data, mortahty curves (natural logarithm of the

catch per standard vessel day by age group)

were computed by year class for the five

fishing areas separately and for various com-
binations of the areas. The curves for the

Chesapeake Bay data and the total Atlantic

data are shown in Figures 35 and 36, respec-

tively. The mortality rate for the total Atlantic

data appears to be increasing in recent years.

The average mortalities calculated are listed in

Table 3. Since there is considerable interchange

of menhaden between the different fishing

areas and age groups are fished at different

levels of effort, I have combined the data for

the areas in various combinations to see what

effect this would have on the mortahty

estimates. These mortalities were calculated by

taking the annual natural logarithms of the

catch per standard vessel day for the years

indicated in Table 3 and computing the slope

Table 3.—Estimated apparent mortalities of Atlantic menhaden, based on catch effort and age

data, by area.



of the regression line. From these data it

appears that a reasonable first approximation

for the total mortality coefficient of Atlantic

menhaden during this period would be about Z
= 1.20. The mortality estimates for Chesapeake

Bay and South Atlantic are higher than for the

other areas. This is due, in part at least, to the

extensive migrations from these areas as the

fish approach maturity. It should be noted that

fishing through only the early 1960's is

included in these estimates—about up to the

time the landings began to decline drastically.

2 3 4
AGE (YEARS)

Figure 35.—Natural logarithm (\n) of the catch per

standard vessel day in the Chesapeake Bay Area, by
age and year-class, 1950-65.

Figure 36.—Natural logarithm (In) of the catch per

standard vessel day for the total Atlantic coast men-

haden fishery, by age and year-class, 1947-63.

20



Relation Between Catch and Effort

A Schaefer-type curve and relation is a

useful method for examining catch and effort

data. 1 have constructed a Schaefer-type curve

(Fig. 37) for the Chesapeake Bay fishery to

show the relations between the total effort and

(1) catch per unit of effort and (2) total catch.

Although the Schaefer-type analysis does not

use all available mortality and growth data and

Chesapeake Bay menhaden admittedly do not

constitute a closed population, Chesapeake Bay

and the South Atlantic are the two areas where

the fish are exploited at a very early age (1 and

2 years) and are not, to any great extent,

exposed to an intensive fishery in some other

area earlier. In my opinion the data in Figure

37 give every indication in recent years of at

least economic overfishing if not biological

overfishing. It is interesting to compare similar

data for the South Atlantic Area which also

fishes on the age groups before they are heavily

exploited in other areas (Fig. 38). Fishing

effort in this area has been relatively low in

recent years. I believe the effort in this area is

at such a low level as to have virtually no effect

on the stock present. The high mortality

estimate was due primarily to migrations from

the area. Since the stocks in the other three

fishing areas are heavily dependent on what

escapes from the Chesapeake Bay and South

Atlantic Areas, a similar analysis for the other

areas is not warranted.

I have hmited the analyses in Figures 37 and

38 to data collected since 1955 when our age

analyses were initiated. The analyses were also

limited to these years because drastic changes

have taken place in the menhaden fishery,

beginning about the middle of the 1950's,

including the use of airplanes and power-blocks

(Henry, 1968). These changes have markedly

increased the efficiency of the fleet. The extent

of the increased efficiency of the gear is not

known, but it is obviously substantial. There-

fore, a comparison of data in recent years with

inaccurate catch per-unit-of-effort data from

previous years would be of little value and

could give a completely false impression. The
fact that the catch per-unit-of-effort has

declined rather drastically in spite of the

greatly increased efficiency makes the situation

even more alarming. Although accurate

estimates of natural mortality are not available,

preliminary analyses indicate that with any

reasonable natural mortality (0.5 or less) the

total yield would be increased if the catch of 1

and 2 years old fish in Chesapeake Bay were

reduced.

The very low levels of abundance; continued

high level of fishing effort on young, immature

fish; low catch per unit of effort; and the

continued absence of a strong year class for 10

consecutive years are all disturbing signs that

should not be taken lightly.



Relation Between Spawning Stock
and Recruitment

Unfortunately, it has not been possible with

menhaden to establish a reliable relation

between the spawning stock and subsequent

recruitment to the fishery. This has been

partially due to the fact that the menhaden
research program has never had funding for

oceanic studies during the time of menhaden
spawning. Consequently, little is known about

what is probably the most critical time in their

life history.

Nevertheless, an examination of the data

from the Middle Atlantic area in relation to

spawning stock and resulting progeny is per-

haps indicative of possible adverse effects from
the present low population levels of Atlantic

menhaden. The catch-per-unit effort (SVD) for

the Middle Atlantic Area was used as a measure

of the spawning population, and the total catch

from each year class (Table 2) was used as a

measure of year-class abundance. If we assume
a reproduction curve of the type proposed by
Ricker (1958), i.e..

R
where
R
P
Pr

Pm

p.^(PrP)/P,n

Reproduction
Spawning stock

Stock size at which R = P
Stock size giving maximum reproduc-

tion in the absolute sense

the base of natural logarithm

(2.71828-^),

the relations shown in Figures 39 and 40 can

be computed.

It is apparent that the largest year classes

occurred when the catch-per-unit-effort in the

Middle Atlantic area was the highest, and that

current low catches per unit of effort in that

area are related to small year classes. A stock

size reflected by a catch-per-unit-effort of at

least 0.8 appears to be a desirable goal. The
theoretical maximum reproduction (Pm) would
be achieved at a catch-per-unit-effort of

1.08—considerably above present day levels.

The data again suggest the desirability of

increasing the escapement of Atlantic men-
haden into the Middle Atlantic Area. Since this

increased escapement would essentially be



all mature age groups are fished and in which

the fishery extends over a long enough period

that the catch-per-unit-effort might be con-

sidered representative of the abundance of the

stocks.

The decUne in the catch of Atlantic men-

haden probably was due principally to a series

of poor yeai^ classes since 1958. Overfishing did

not cause the initial decline, but there are

strong indications that the reduced stocks may
subsequently have been overfished and that

this contributed to the continued reduced

abundance and failure of the resource to

recover. McHugh (1969) compared the Atlantic

menhaden and the Pacific sardine (Sardinops

caenilea) fisheries and the similarity in the

decline in abundance of the two resources.

With increased fishing effort the average age of

the stocks was reduced and the first to suffer

were the more northern areas which were

dependent on the older fish. As fishing effort

on the younger fish remained high and year-

class strength continued poor, the fishery

became more dependent on the younger fish

and, in the case of the sardine, the resource

declined and the fishery eventually disap-

peared. McHugh pointed out "A fishery based

on a single species, highly variable in abun-

dance, is not likely to be a stable fishery." He
also said, "Moreover, the time lag of a year or

two in building vessels and plants usually may
provide maximum catching and processing

capability when the resource is already declin-

ing. In the absence of effective fishing regula-

tion, disaster is probably almost inevitable."

I am concerned that the stocks of Atlantic

menhaden may have been reduced to a level

that is having an adverse effect on recruitment.

Unfortunately, the 1968 catch increased over

the previous year. This made many people,

particularly in industry, believe the decline had

ended. Small fluctuations of this nature can be

expected; they occurred in the sardine fishery

also, but will have no lasting effect unless the

fishery is properly managed. The menhaden
industry has begun to recognize the need for

some changes in the fishery. In 1968, it

voluntarily implemented certain beneficial

policies.

Although we do not have sufficient data to

manage the Atlantic menhaden on a com-

pletely scientific basis, I agree with McHugh

(1969) "It is not necessary to wait until

indisputable scientific evidence is available

before taking action to manage a fishery.

History has shown that such caution usually

leads to disaster." We do have a considerable

amount of data on Atlantic menhaden that are

being used as a basis for management, and 1

believe it important that tlie available data, even

though incomplete, continue to be used for sub-

sequent analyses and management of this

resource.

SUMMARY

Menhaden support the largest U.S. commer-

cial fishery in terms of pounds landed. In

recent years the fishery has experienced a

serious decline in production. This decline

occurred principally in the Atlantic coast

fishery where the catch declined from 1.3

billion pounds (0.590 miUion metric tons) in

1962 to 0.55 billion pounds (0.249 million

metric tons) in 1968—a 58% decline.

The Atlantic fishery is divided into four

fishing areas; North Atlantic, Middle Atlantic,

Chesapeake Bay, and South Atlantic. In addi-

tion there is a fall fishery off North Carolina.

Although all areas have experienced a decline

in production, the greatest decline has occurred

in the North Atlantic and Middle Atlantic

fisheries. An analysis of the catch and effort

data indicate that the North Carolina and

Florida catches should not be combined in the

South Atlantic Area in future analyses.

The unit of fishing effort currently used for

the menhaden fishery, catch-per-standard-vessel

day, adequately portrays the trends in fishing

effort but grossly underestimates actual effort,

particularly in recent years, because it does not

take into consideration fishing days with no

catches. Since the early 1960's fishing effort

has declined drastically in the North Atlantic

and Middle Atlantic fisheries, but has reached

record high levels in Chesapeake Bay.

A significant relation exists between the

relative fishing power of menhaden vessels on

Chesapeake Bay and the length of the vessel,

but not for the gross tonnage of the vessels.

The catch-per-unit-of-effort is at a low level in

most fishing areas.

Before 1964 the largest annual catches of
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menhaden were made in the Middle Atlantic

Area. Since 1964 the largest annual landings

have been from Chesapeake Bay. These
increased catches from Chesapeake Bay have

been achieved by extending the fishing season

into late October and November and by
increasing the fishing effort. Over 209o of the

Chesapeake Bay catch now occurs in November
whereas almost no fish were landed in Chesa-

peake Bay in November before 1964.

The 14-year (1955-68) mean average age of

Atlantic menhaden in the catch is 3.7 years in

the North Atlantic, 2.3 years in the Middle
Atlantic, 1.4 years in Chesapeake Bay, 1.4

years in the South Atlantic and 1.7 years in the

North Carolina Fall Fishery. The average age

for all areas combined is 1.67 years. In recent

years about 90% of the total catch has been
immature fish (less than age-3).

Since the early 1960's almost all ages of

menhaden caught in the Chesapeake Bay,
Middle Atlantic and North Atlantic fisheries

have been considerably larger than average.

Thus, the decline in the catch of Atlantic

menhaden would have been even more drastic

if this significant increase in the growth of the

fish had not occurred.

The decline in the catch of Atlantic men-
haden was due principally to a series of poor
year classes following the superabundant 1958
year class. There is a strong indication that the

reduced stocks may subsequently have been
overfished and that this contributed to the

continued reduced abundance and failure of

the resource to recover.

Estimates of the year-class strength of Atlan-

tic menhaden are made by a variety of

methods: (1) relative abundance indices of

juvenile menhaden in the tributaries, (2) the

catch of age-0 menhaden in the fishery, and

(3) the catch of age-1 menhaden in the fishery.

An analysis of mortality rates of Atlantic

menhaden, based on catch-effort data, suggest

that total mortality (natural and fishing) would
be about Z= 1.20.

A Schaefer-type analysis of the catch-effort

data for Chesapeake Bay strongly suggests that

there has been at least economic overfishing if

not biological overfishing as well.

A relation between stock size, as measured
by the catch-per-unit-of-effort in the Middle
Atlantic fishery, and the size of the resulting

year class indicates that the present spawning
stock is considerably below optimum size. The
data suggest the desirability of increasing the

escapement of menhaden into the Middle
Atlantic Area. This also would result in an
increase in the size of the spawning population.
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In the North Atlantic Area, the increase in

the average age from 1962 through 1964 was

due to the catch of large numbers of the 1958
year class as 4-, 5-, and 6-year-old fish coupled

with decreased abundance of younger age

groups. The virtual disappearance of this year

class from the catch in 1965 is reflected by the

sharp drop in average age. In the Middle

Atlantic Area, the 1958 year class contributed

significantly as 2-year-old fish in 1960, was

present in numbers through 1962, and subse-

quently was of relatively little importance. The
1958 year class contributed in significant

numbers as 1-year-old fish in 1959 to the

catches of both the Chesapeake Bay and South

Atlantic Areas, causing the average age of the

fish to decline. The average age fluctuated most
in the North Carolina fall fishery.

The sudden drop in the percentage of the

catch less than 3 years old in 1961 (Fig. 7)

reflects the large catch of 3-year-old fish from

the 1958 year class. The contribution of the

1958 year class, which mainly reached maturi-

ty in late 1960, not only caused a drop in the

percentage catch of immature fish that year

but also resulted in an increase in the average

age of the catch from 1960-62. The relatively

low percentage of immature fish in the catch in

1955 (80%) reflects the presence of the strong

1951 year class, which was caught in relatively

large numbers in 1955 as 4-year-old fish. The
low average ages in 1955, 1957, 1964, 1965,

and 1966 reflect the relatively large catches of

0-age fish in those years.

APPENDIX

From 1955 through 1968 the average age of

menhaden in the annual catch in the North

Atlantic Area varied between 2.9 and 4.8 years

with a mean value for the 14 years of 3.7 years:

in the Middle Atlantic Area, between 1.5 and

3.2 years—mean of 2.3 years; in the Chesa-

peake Bay Area, between 1.1 and 1.8 years-

mean of 1.4 years; in the South Atlantic Area,

between 1.0 and 1.9 years—mean of 1.4 years,

and in the North Carolina fall fishery between

0.3 and 3.0 years—mean of 1.7 years.
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Appendix Figure 1.—Weight frequencies of menhaden

in July, expressed as percentage deviation from aver-

age weight, Chesapeake Bay, 1955-68.
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Appendix Figure 2.—Weight frequencies of menhaden
in July, expressed as percentage deviation from aver-

age weight. Middle Atlantic Area, 1955-68 (NS = No
sample).
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Appendix Figure 3.—Weight frequencies of menhaden
in July, expressed as percentage deviation from aver-

age weight, North Atlantic Area, 1955-68 (NS = No
sample).
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Appendix Figure 4.—Weight frequencies of menhaden

in July, expressed as percentage deviation from aver-

age weight. South Atlantic Area, 1955-68 (NS = No
sample).
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Appendix Figure 5.—Weight frequencies of menhaden

in December, expressed as percentage deviation from

average weight, North Carolina fall fishery, 1955-68

(NS = No sample).
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Appendix Figure 1 shows tlie average

weights of different age groups of menhaden

caught in the Chesapeake Bay purse seine

fishery between 1955 and 1968. These data are

expressed as annual deviations from the

14-year average. It is obvious from these data

that since 1961 almost all ages of menhaden

caught in the Chesapeake Bay fishery have

been considerably larger than average and that

the fish were particularly small during 1957-61.

Since there is considerable migration of fish

from Chesapeake Bay to the Middle and North

Atlantic fishing areas, it might be suggested

that the differences in average weight shovm in

Appendix Figure 1 for Chesapeake Bay are

merely the result of a differential migration

pattern, i.e., only the larger fish from a year

class entering Chesapeake Bay or only the

smaller fish leaving in recent years. If we look

at similar data for the Middle and North

Atlantic Areas (Appendix Figs. 2 and 3), we
see that the same phenomenon exists—larger

fish for every age group in recent years.

Interestingly, the weights of the fish caught

in the South Atlantic Area (Appendix Fig. 4)

do not follow the same pattern as those of the

fish caught north of Cape Hatteras. In the

South Atlantic Area most of the fish have been

below average weight in recent years. The
weight data for the North Carolina fall fishery

(Appendix Fig. 5) do not agree with the data

from the more northern areas or those from
the South Atlantic summer fishery but appear

to be almost a composite of the two groups.

This is not too surprising since we believe there

is considerable mixing of fish from the

northern and southern areas in the fall fishery.
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Appendix Table 1.—Calculated numbers of Atlantic menhaden caught by the purse seine fishery, by age and area,

1955-68.

Area

and

year



Appendix Table 1 —Calculated numbers of Atlantic menhaden caught by the purse seine fishery, by age and area,

1955-68. (Continued)

Area



Appendix Table 2.— Average weight of Atlantic menhaden caught by the purse seine fishery, by age and area,

1955-68. (Numbers in parentheses are samples of less than 10 fish.)

Area



Appendix Table 2.—Average weight of Atlantic menhaden caught by the purse seine fishery, by age and area,

1955-68. (Numbers in parentheses are samples of less than 10 fish. ) (Continued)

Area

and

year

Age

Chesapeake Bay



Appendix Table 2.-Average weight of Atlantic menhaden caught by the purse seine fishery, by age and area,

1955-68. (Numbers in parentheses are samples of less than 10 fish.) (Continued)

Area

and

year

Age

Average
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