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INTRODUCTION 

The menhaden fIshe ry is t he largest of 
all fisheries in the Uni ted states and the 
basis of one of the leadin g fishing industries 
in the world . A fleet of 200 c a rrier vessels, 
manned by approximately 4 , 000 f i s hermen, 
is employ ed in making the catch. Over 30 
reduction plants rece i ve a n d proc ess the 
fish. The catch is processed into m e al , oil, 
and condensed soluble protein s . In 19 5 9, 
record landings of ab o ut one m illio n tons 
of menhaden , valued i n e x ces s of $ 2 5 m illion 
to the fishermen, were taken f r om the 
waters of the western A tlanti c Ocean. This 
catch produced 224,000 tons of meal , 21 
million gallons of oil, and 102,000 tons of 

1 Prepared for the Inte rnationa l Meeting on Fi sh Meal , spon
so red by the Food and Agr icultural Or ganization of the United 
Nations, Rome, Italy , Ma rch 20- 29, 1961. 

Note.- - Fr ed C. June, Fishe ry Resear ch Biologist , Bureau of 
Commercial Fisher ies , U.S. Fish and Wi ldli fe Se r vice , Beaufo rt , 
North Ca rolina. 

solubles (Power, 1960) . The es tima t e d value 
of the s e products was $75 m i ll i o n. 

The purpose of t h is report is to provide 
a better understandi n g of t he menhaden 
r e source and fis h ery. A c c o rdingly, there 
are pr e sented a description of the resource, 
a r e view and des c r i ption of t h e fishery, and 
a s ummary of t h e l ife hi sto ry and biology 
of Atlantic menhaden . 

THE RESOURCE 

The menha d en are herr inglike f ishes that 
i nhab i t the c o astal waters of t h e w e s t ern 
Atlantic Ocean. Six closely r elated s pecies 
are recogniz ed (Hildebrand , 1948), fou r of 
which are known o nly fr om N orth A.rner ica; ! 

they are the Atlantic menhaden (Brevoortia 

2 Hildebrand (1948) r ecognized a fi fth species, B. brevicaudata , 
taken in the vicinity of Noank, Conn., In 1874; however. this for m 
appea rs to be a geogr aphical variant of B. tyrannus, the Atlanu c 
menhaden. 



tyrannus) , Gulf menhaden (B . patronus), 
yellowfin menhaden (B. smithi) , and fine
scaled menhaden (B. gunteri). Two species, 
called "lacha" or "savelha" (B. aurea and 
B. pectinata), are found in South America. 
The Atlantic and Gulf menhadens occur in 
temperate waters, while the yellowfin and 
fine-scaled menhadens occur in tropical 
and subtropical waters . Little is known of 
the distribution of "lachas." 

The United States fishery for menhaden 
is based solely upon the Atlantic and Gulf 
menhadens . Some quantities of the other 
North American species are caught inci 
dentally, but the amounts are insignificant 
compared to the landings of the two main 
species. No fishery for " lachas " has been 
developed in South America, although the 
fish have been reported as abundant in 

ertain localities. 

THE FISHERY 

History and Current Status 

Fishing for menhaden is one of the oldest 
inGustrie s in the United States . Colonial 
writings relate that North American Indians 
taught the early English settlers to place a 
fis h in each hill of Indian corn. Although 
menhaden probably were never widely used 
in this manner, this practice led to their 
utilization for enrichment of t he soil when 
crops along the New England coast and on 
Long Island began to fail in the late 1700's. 
By 1820 a f ishery was organized for the 
purpose of supplying menhaden for ferti
lizer. These events marked the first stage 
in the development of a f ishe ry which one 
day was to become the la r gest in North 
America (Goode, 1879; Goode and Clark, 
188 7) . 

During the War of 1812 the use of fish 
oils in paints led to the utilization of men
haden for this purpose. The early menhaden 
oil industry was centered in New England 
where the large, oily fish were encountered 
in abundance along the coast dur ing the 
summer. Despite the highly profitable mar
ket for menhaden oil, the industry grew 
rathe r slowly until about 1860 when the 
introduction of the mechanical screw press 
and the use of steam power made practical 
the oil- recovery proces s by a factory op
eration. During the following decade many 
new factories were built, and improvements 
in the methods of catching and process ing 
the fish followed. Development of suitable 
methods of preserving the fish press cake, 
accumulated from the oil extraction proc-

2 

es s, also provided the basis of another 
phas e of the menhaden oil industry that 
was to continue for the next 50 years--the 
prod uction of fish fertilizer. By 1870 over 
90 menhaden reduction plants were estab
lished from Maine t o North Carolina (Goode, 
1879; Goode and Clark, 1887). 

Prior to 1875 the New England States 
accounted for the greatest part of the annual 
menhaden production. In 18 7 6 the catch 
amounted to approximately 170,000 tons 
from which nearly 3 million gallons of oil 
and over 50,000 tons of fertilizer were 
produced. Maine alone accounted for nearly 
half the total fish production in that year 
(Maddocks, 1878). Several years later the 
fish failed to appear in waters north of 
Cape Cod and except for certain seasons, 
the f i sh have not been encountered in abun 
dance in t he coastal waters in that area 
since. 

Following the collapse of the New England 
fishery, the industry expanded southward 
and by 1900 centered in New Jersey and 
Virginia. One factory was located in Texas, 
but information on the early development 
of the menhaden industry in the Gulf of 
Mexico is fragmentary. Although the oc
currence of menhaden in the Gulf of Mexico 
was known during the early years of the 
oil industry on the Atlantic coast (Goode, 
1879), it was apparently the collapse of the 

.. 

ew England fishery that motivated devel- ~ 

opment of the Gulf fishery. Records show 
that menhaden were landed on the west 
coast of Florida and in Texas in certain 
years prior to 1902, but there are no rec 
ords of further landings in those States 
until 1918 (Stevenson, 1904; Anderson and 
Peterson, 1953). The first landings of 
menhaden in Mississippi waters were re 
ported in 1939 and in Louisiana in 1948. 

Records of menhaden landings in the 
first decade of the twentieth century are 
lacking, but in 1912 the catch amounted to 
356,000 tons, the largest reported to that 
time. Virginia alone accounted for more 
than one-half of the total production in t h at 
year (Harrison, 1931). Alt h ough incomplete, 
records show that, except for 2 or 3 years, 
the total annual menhaden catch from 1912 
to the beginning of World War II remained 
relatively stable. During the 30-year period, 
the catch fluctuated between 118,000 and 
406,000 tons and averaged 243,000 tons. 
The discovery of vitamin B12 as an impor 
tant constituen t of the animal proteinfactor 
found in fish meal stimulated the demand 
for menhaden meal, and following World 
War II the catch increased markedly. Growth 



of the fishery during the 10-year period, 
1950 through 1959, is illustrated in figure 
1. It may be seen that there was a sustained 

~ increase from 1950 through 1956; during 
this time the catch more than doubled, The 
catch declined in 1957 and 1958, but in 1959 
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rose to a peak of 1,097,000 tons,thelargest 
annual catch ever recorded for a fishery in 
the United States, Atlantic menhaden ac
counted for more than 70 percent of the 
total menhaden catch during the 10-year 
period, 

200 
................................... _ ................ _ .................................................... -.............. . ............... " .. " ........ /" 

Q 
1950 1952 1953 1954 1955 1956 1957 1958 1959 

Figure l,--Catch of Atlantic and Gulf menhadens, 1950-59. 

Fishing Gear and Methods 

Except for minor quantities landed in 
Mexico, the entire catch of menhaden for 
reduction is made by vessels operating 
from factor ie s located in 12 coastal States 
bordering the Atlantic Ocean a nd the Gulf 
of Mexico (figs . 2 and 3). A highly special
ized fleet of carrier vessels is employed 
to transport the catch from the fishing 
grounds to the reduction plants . Carrier 
vessels range from about 65 to 200 feet in 
l ength and from about 50 to 650 gross tons 
in weight. These vessels also carry the 
fishing gear to the fishing grounds and 
provide living accommodations for the fish
ermen (fig. 4). There is a large central 
hold for stowing the fish, and some vessels 
are equipped with a brine cooling system 
for preservation of the catch. 

Menhaden are caught with purse seines 
as the fish swim in schools in the near
surface waters during the warmer months 
of the year. The seine is operated from 
two open seine boats . On the fishing grounds, 
the two seine boats are lashed together, 
with the seine divided equally between them, 
and towed behind the carrier vessel. Since 
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about 1946, airplane s routinely have been 
used to locate the fi sh, and in recent year s 
the practice of directing the laying of the 
seine around a school of menhaden fro m 
the air by radio communication between the 
airplane pilot and the fi shing captain has 
been universally adopted. When a school 
has been selected for capture, the two 
seine boats approach the school. In laying 
the seine, the two boats separate, and the 
seine is laid out as each boat completes 
a half-circle to enclose the school. The 
bottom of the seine is then closed , or 
"purs ed, " confining the fish inside the seine . 
Power-driven blocks, one mounted in each 
seine boat, are used to haul in the ends and 
bottom of the seine until the fish are con
fined in the bunt (fig. 5) . The catch is then 
pumped into the hold of the carr i er vessel 
(fig. 6). An average purse-seine set yields 
from 20 to 25 tons of fish. Purse-seine 
fishing for menhaden is conducted dur ing 
daylight hours. The vessels usually m ake 
daily trips to the fis hing grounds and land 
the catches after dark or when t h e hold has 
been filled (fig. 7). 

In some areas, such as Chesapeake Bay, 
fairly large numbers of menhaden are 
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Figure 2. --LoC<ltlOn of menhaden reduction pl ants. 

Fl re 3. - - A typica l menhad n reduction plant . 
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Figure 4.--Menhaden carr ier vessel and seine boats. 

reported as caught by p o und nets (McHugh, 
196 0) . Thi s catc h of "scrap fish" contains 
m.any othe r species in varying quantity, 
b u t y oung m.enhaden are dom.inant . This 
catch i s used p rincipally as bait for crab 
pots . 

The num.be r of carrier ves s els engaged 
in the m.enhaden pur s e - seine fishery has 
rem.ained relatively stable over the past 
decade . However, r epl acem.ent vessels have 
increased in size, and s te e l, instead of 
wood, has been used in t heir construction. 
There were 201 vessels in the c a rrier feet 
in 1959 (fig. 8). 

Fishing Grounds and Seasons 

The purse-seine fis h e ry for m.enhaden 
encom.passes approxim.a t ely 45,0 00 s quare 
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m.iles of sea surfac e . The seasonal oc
currence of sch o ols in the surface coastal 
waters govern s the conduct of the purse
se i n e fisher y. On the Atlantic coast, the 
fishery exten d s fr om. central Maine to the 
cent ral east c oa s t of Flo rida and is con
duc t ed from. May t o Novem.ber over m.ost 
of t h is range. Dur in g Novem.ber and Decem.
ber, fishing i s r es tricted to the coa s tal 
waters of North Carolina where the fish 
pass close inshore o n t h e ir annual south
ward m.igration. 

In the Gulf of Mexi co , the p u rs e- seine 
fishery is conducted fr om. M ay to Novem.ber 
and, in general, is lim.i ted t o a relatively 
short stretch of coas t in the n orthern Gulf. 
In som.e years, t h ere is fi s hing a lso during 
the sum.m.er along t h e c e n t r a l w e s t coast of 
Florida in the vicini ty of A pala chicola . 



Figure 5.--Menhaden purse-seine set. The net is hauled aboard each seine boat wi th power-dr iven blocks until the ftsh are 
closely conft ned in the bwlt. 

Figure 6.--Pumping the catch from the purse seine into the oold of the carrier vessel. 
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Figure 7. --Unloading a day's catch of menhaden at the reduction plant. 

Figure 8. --Parr of the menhaden purse-seine neet moored at Beaufort. .C oo during the fall fls tung su 
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BIOLOGICAL INVESTIGATIONS 
OF THE RESOURCE 

The Bure au of Corrune rcial F i sheries of 
the U.S. Fish and Wildlife Service i s engaged 
in an investigation of the menhaden re
source of the Atlantic and Gulf c oas t s of 
the United States. The object of theinve sti 
gation is to obtain scientific information on 
the identity, life history, biology, and dy
namics of the menhaden stocks and the 
effects of the fishery on them (June, 1957). 

The research program began in 1955 and 
thus far has been concerned primarily with 
the Atlantic menhaden. At the outset, there 
was little knowledge of the life history and 
biology of menhaden, and information on 
the condition of the stocks was entirely 
lacking. Much remains to be learned, par
t icularly about the stocks in the Gulf of 
Mexico, but sufficient information is being 
gathered on the Atlantic menhaden to per
mit interpretation of fluctuations in the 
catch and assessment of the current con
dition of the fishery. 

Geographical Distribution of 
Atlantic and Gulf Menhaden 

The Atlantic menhaden is found in the 
Atlantic coastal waters of North America 
from Nova Scotia to central Florida (Hilde
brand, 1948). The fish do not occur in equal 
abundance throughout the range, but are 
concentrated in certain localities during 
certain periods of the year. During the 
warmer months, the fish congregate in 
schools in the near-surface waters over
lying the inner half of the Continental Shelf. 
This is illustrated in figure 9 which shows 
the amount and distribution of fishing effort 
for Atlantic menhaden in 1959. While vari
ations in the amount and distribution of 
fishing effort have occurrec! from year to 
year, the areas of concentration remained 
nearly the same over the past 5 years for 
which such information is available. During 
the colder months, the fish rarely are seen 
in the surface waters. In Chesapeake Bay, 
however, menhaden have been taken at all 
times of year (McHugh, Oglesby, and P a
checo, 1959). There is evidence that during 
this period they occur in loose aggregations 
in deeper water over the Contine ntal Shelf. 

The Gulf menhaden is known t o o ccur 
from southern Florida to Veracruz, Mexico 
(Hildebrand, 1948; Reintjes and J une , 1961 ). 
Seasonally it strays into the Atlantic , r each
ing northward to the central east coast of 
Florida. During the warme r m onths of t he 

8 

year, the fish occur in schools in the shal
low coastal waters and are found in greatest 
concentrations in the northern Gulf of 
Mexico in the vicinity of the Mississippi 
River delta. The schools usually disappear 
from the surface waters near shore coinci
dent with autumnal chilling. There is little 
information concerning the whereabouts of 
t he main body of fish during the winter; 
however, large adults have been caught 
incidentally off southern Florida in Novem
b er and Decem ber. 

Life History and Biology of 
Atlantic Menhaden 

R e c ent scientifi c s t udies have provided a 
wealth of information on the Atlantic men
haden. Some data also have been accumu
la ted on the othe r North American species, 
but there still i s little information available 
on thos e found in South Ameri ca . So far as 
is known, however , the general features of 
the life his tory of t he different species are 
similar. Thus a d e s cription of the Atlantic 
menhaden will provide some understanding 
of the remaining species (f i g. 10). 

Since Atlantic menhaden occur over some 
3,000 mile s of coa stline, i t i s important to 
determine whether the y exi s t as one large 
stock in which there i s fr ee inte r mingling, 
of whether the fi s h in give n areas of the 
coast are more o r l ess confined to those 
areas and pos sess bio logical characteris- ~ 
tics and properti es which make them d if- \: 
ferent from fis h found in adjacent areas. 

Several lines of evidence have led to the 
conclus ion t hat , while int ermingling of At
lantic m enhaden occur s, mixing is incom
plete (June, 1958). The fish which contribute 
to the fi s hery a l ong the South Atlantic coast 
appear t o be distinct from those farther 
no r thward. Howev er , determination of the 
a m ount a n d r ate of mixing must await re
sults of a t agging program. 

Studies of the distribution of age and 
l ength g r oups in the catches, combined 
with information on the amount and distri
bution of fi shing effort by the purse-seine 
fleet , have demonstrated that the fish under
take extensive migrations. There is a 
northward movement along the coast in 
spr ing . During the summer, the smaller 
and younger fish are found in the southern 
part of the range, while progressively 
larger and older fish occur in each more 
northerly latitude. Furthermore, there is 
a t endency for fish of similar size and age 
to occur together in a given locality, but 
remain distinct from those of overlapping 
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Figure l O.--An Atlantic menhaden ( Brev oortia tyrannu s) , 355 millimeters fork length. 

sizes and ages in adjacent localities. Thus, 
a north- south gradient in size and age 
becomes established, with the larger and 
older fish found farther northward (June 
and Reintjes, 1959; McHugh, Oglesby, and 
Pacheco, 1959). 

A southward withdrawal of fis h from the 
summer grounds takes place in autumn. 
Prior to their southward migration, the 
fish congregate in large schools, which 
sometimes cover a surface area of many 
square kilometers. The fishing fleet f ol
lows the large schools as they migrate 
southward in October, but frequently t he 
schools travel in deep wate r offshore wher e 
they cannot be caught. However, the s chools 
are intercepted again as they pas s clos e 
inshore along the coast of North C a r o lina 
in November. The large , migrating schools 
are last seen off the North Carolina coast 
in December. 

Spawning of Atlantic menhaden t ak e s 
place over a wide ge ographical range a nd 
during most of the year (Higham a n d 
Nicholson 3

). The pattern of spawning ap
pears to be relate d to th e coastal m ove
ments of the adult fish. In n orth e rn wat ers, 
some spawnin g o ccur s throughout t he peri od 
when the adult fi s h occur there, but in
creases in inte n s i t y in autumn when they 
commence congregating into large schools 
just prior to their southward mig r ation. 
Spawning o ccur s at s u ccessive ly lowe r 
latitudes c oncomitantly with the appearance 

'Higham, Joseph R., J r . , and William R. Nicholson. A study 
of the sexua l maturation and spawning of Atlantic menhaden. 
Unpublished manuscr ipt. U.S. Fish and Wildlife Service, Bureau 
of Commercial Fisher ies Biological Laborato ry, Beaufort, N.C. 
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of the large, mig r a ting s chool s of sexually 
active fish. During the winte r, spawnin g 
occurs only in s outhe rn waters, but recom
mences in northern wate r s in spring with 
the reap pearance of the a dult fis h. 

Atlantic menhaden s pawn i n t h e ocean, 
and an individual f emale may spawn an y
where from 40,0 0 0 to 700,000 eggs , de
pending on the s ize of the fis h. Hatching 
of the e ggs and early d eve l opment of larvae 
also take place in the ocean. Some time 
after the y olk sac h as been abs o rbed, t h e 
larvae enter estuaries and become e stab 
li s h ed within. 

At t h e time of the i r entry into the estu 
aries , the l arvae are transpa r e nt a nd mark ed 
with black pigment spo t s on the l owe r 
surface of the body and about the h ead; 
the y have no scale s, and the fins are only 
partially formed . The b ody i s s l e nder a n d 
may range from 8 to 40 millimeters (1/3 
to 1 1/2 inches) i n length. The period dur ing 
which larvae enter varies in different l o
calities of the coast, b ut , i n general, 
follows th e pattern of spawning described 
previously. 

Following the ir entry into t h e estuari es, 
the larvae con gregate in greatest abundance 
in the shallow , bracki sh wat ers of tribu
t a ries. Here the y transform into juveniles . 
Du r i n g thi s t r a n sformation, the body 
deepens, sca l es appear , all of the f ins 
b e c ome differentiated, and the fish take on 
the c ol o r of the adults. Thi s transformation 
may begi n a t a body length of about 26 
m illimeters (1 i nch) and usually is com
pleted at body lengths of about 40 to 55 
millimete r s (l 1/ 2 to 2 inche s). 
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The young fish occur in, schools at the 
smallest sizes at which they are found in 
the tributaries. As the fish increas es in 
size, the schools become more widely 
dispersed in the tributaries, but generally 
are found in greatest concentrations in 
those areas where food production is high
est. 

The juveniles spend their first summer 
of life in the estuarine nurseries, and in 
autunm congregate into larger schools and 
emigrate to the ocean. Generally, this emi
gration begins earliest in northern lati
tudes and takes place progressively later 
farther southward. After leaving the nurs
eries, the juveniles migrate southward 
along the coast and appear in large schools 
along the coast of North Carolina in De
cember, following the disappearance of the 
larger, adult fish. The juveniles usually 
disappear from that locality some time in 
January, but during mild winters they often 
are seen in the sounds and bays which 
border the south Atlantic coastal States. 

The age of Atlantic menhaden can be 
determined from markings on their scales 
(McHugh, Oglesby, and Pacheco, 1959; June 
and Roithrnayr, 1960); therefore, the size 
of fish at each age can be used to estimate 
their growth. At the time of their departure 
from the estuaries, the juveniles may range 
from 55 to over 150 millimeters (2 to 6 
inches) in fork length, depending on locality; 
they average about 125 millimeters (5 
inches) in length and 30 grams (1/16 pound) 
in weight. Although subsequent growth var
ies considerably in different areas of the 
coast and in different years, in general, 
age-l fish in the purse-seine catches aver
age 192 millimeters (7 1/2 inches) in length 
and 133 grams (1/3 pound) in wei&ht, age-2 
fish average 243 millimeter (9 1/2 inches) 
and 276 grams (5/8 pound), age-3 fish 
average 266 millimeters (10 1/2 inches) 
and 366 grams (3/4 pound), and so on. 
By age 9, the average size is 336 milli
meters (13 inches) and 693 grams (2 1/4 
pounds). 

Larval Atlantic menhaden are particulate 
feeders, that is, they pick out individual 
food i tems from the water. Studies of the 
stomach contents of larvae indicate that 
they feed predominantly on small marine 
crustaceans. During and following their 
transformation from larvae into juveniles, 
the gill rakers (a straining apparatus) 
develop, and the fish become indis crimi
nate filter feeders, that is, they strain out 
the microscopic plants and animals from 
the water as they swim with mouths open 
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(Carlson·). There appear to be no food 
preferences among the larger juveniles 
and adults, for stomach contents reflect 
the food organisms peculiar to t he locality 
in which the fish occur. 

Relatively little is known about the be
havior of Atlantic menhaden, or about th e 
environmental factors that influence th e 
behavior and distribution of the fis h . It 
was shown previously (fig. 9) that in th e 
ocean the fish are caught in greatest num
bers in the vicinity of major estuarine 
systems where the microscopic plants and 
animals upon which they feed are in ric h 
supply. It also has been found t hat entry 
of larvae into the estuaries is governed 
by water temperature at the inle ts, and 
evidence is accumulating to show that 
widely fluctuating temperatures during the 
winter result in heavy mortalities among 
larvae which have become established in 
the tributary nurseries. But whether the 
larvae must enter waters of lower salinity 
to undergo transformation into juveniles 
has not been determined. The juveniles and 
adults can tolerate great difference s in 
salinity, and both commonly occur in waters 
of salinity ranging from 5 to 36 pa rts per 
thousand. Seasonal differences in the 
schooling behavior of the fish already have 
mentioned. During the summer, indivi dual 
schools may contain from less than 1 ton 
to over 75 tons of fish, but in autumn, the 
fish congregate into schools contalmng 
many thousands of tons . Furthermore, there 
also appear to b e differences in behavior 
as the fish become older and larger. Dur
ing the summer, the older and larger fis h 
are not accessible to the purse-seine fis h
ery in proportion to their abundance In the 
sea, while in autunm they congregate in 
the inshore waters prior to and during the 
southward migration. But it is not known 
why this is so . Thus many questIons con
cerning the behavior and distnbutlOn of 
Atlantic menhaden remain unresolved. 

The purse-seine fishery for Atlantlc 
menhaden exploi ts fish of ages 1 through 
8; however, f i s h of ages 1 through 3usually 
account for somewh ere between 85 and 99 
percent of the catch. Fish older than age 8 
are rare in the catches (June, 1961). 

There is considerable variahon In the 
survival of young fis h resulting from each 
year l s spawning, and the occur rence of un 
usually abundant or II doffilnant ll year - broods 

• Ca r lson. Frank T. Food a!XI feed! habil.S of In .al and 
Juverule Atunuc ~de Unpublished m.al1U3crtpl . 
and Wildlife Serv ice. a..ruu of Commer cial FlShert 
C411 Laboratory. Beaufort. ' .C. 



or yea r-class e s in the f ishe ry h a s been 
demonstrated. A dominant year-clas s in
fluences the catch in a given locality u s ually 
for only 1 o r 2 years. As the fi s h grew 
older and larger, they occur farther north
ward and thus influence the catch in a dif
ferent locality of the coast. Fluctuations in 
catch in the various areas in recent years 
appear to have resulted primarily from 
variations in the relative strengths of the 
individual year-classes contributing to stock 
in those areas. 

In the early 1950's, several unusually 
abundant year-classes appeared in suc
cession. These , together with many older 
fish, representing many different age
groups, resulted in record yields during 
the greater part of the decade. An abundance 
of fish, coupled with an increased demand 
for fish meal, brought about the addition of 
new and larger carrier vessels to the fish
ing fleet; processing capacities of the plants 
were increased; and synthetic seines and 
other mechanical and electronic aids were 
introduced to increase the efficiency of 
fishing. The result was that the amount of 
fishing effort on the stock reached unprece
dented levels. 

The increase in fishing effort has been 
accompanied by a decrease in the average 
catch per unit of fishing effort and the usual 
biological symptoms of heavy fishing. There 
has been an increase in total mortality of 
the individual age- groups in the fishery. 
There also has been an increase in the 
proportion of younger fish in the catch and 
an increase in growth rate of older fish. 
DuriT'.g the past 6 years, the fishery has 
been dependent on not more than three 
age-groups at any time, but in most recent 
years, more than 90 percent of the catch 
has come from only two. Increased fishing 
effort on only two age groups--fish of ages 
1 and 2- -makes the fishery vulnerable to 
greater fluctuations in yield in the future, 
since poor year-classes are to be expected. 
Indeed, variations in the average catch per 
unit of fishing effort (and in total catch) 
during the past several years have followed 
more closely variations in the abundance 
of each new year-class entering the fishery 
at age 1. Concomitantly, the older age
groups have become less accessible to the 
fishery during the summer season, although 
these older fish contInue to appear in abun
dance in the coastal waters during the ir 
southward migration in autumn and support 
a sustained catch off the coa st of North 
Carolina . It appears, however, that at pres 
ent stock levels, the amount of fi s hing may 
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be approaching the maximum for producing 
a su s tained c atch. 

POTENTIAL OF THE RESOURCE 

Althou gh menhadens account for the 
gr eatest s hare of the annual fish produc
tion in th e United States, thei r yield could 
be incr eased still furth er . Two North Ameri 
can spe cies--the yellowtin and fin e-scaled 
menhadens --exist a s v i rgin stocks and ap
parently are not being u t ilized be cause the 
distribution and habits of t h e fi s h are n ot 
well known. Furthermo r e , t h e adult seg
ments of the Atlantic and Gulf menhaden 
stocks are not being caught in proportion to 
their abundance. Older Atlantic m enhad en 
are largely unavailable to the pur s e- seine 
fishery during the summer when t he schools 
occur in deeper water offshore. This s e g
ment of the stock is exploited during a short 
period in autumn when the schools approach 
the coast during their southward migration. 
The fishery in the Gulf of Mexico, at pres
ent, is restricted to a relatively short 
stretch of coast in the vicinity of the 
Mississippi River delta and is based on 
fish of ages 1 and 2. Older age-groups 
which occur in other parts of the range of 
this species are not being exploited. If the 
North American menhaden stocks were 
utilized more efficiently, it is estimated 
that the sustained catch from this resource 
could amount to about 1.2 million to:lS 
annually. 
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