
NOAA Technical Report NMFS 59 

Atlantic Menhaden, 
Brevoortia tyrannus, 

September 1987 

Purse Seine Fishery, 1972-84, 
with a Brief Discussion of 
Age and Size Composition 
of the Landings 
Joseph W. Smith 
William R. Nicholson 
Douglas S. Vaughan 
Donnie L. Dudley 
Ethel A. Hall 

U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
National Marine Fisheries Service 



NOAA TECHNICAL REPORT NMFS 

Guidelines for Contributors 

FORM OF MANUSCRIPT 

Authors are encouraged to retain manuscripts on word processing storage 
media, such as diskettes, floppy disks, cassette or magnetic tapes, and sub­
mit a hard copy run from the storage media. Hardcopy should be typed 
double-spaced on white bond paper in the following sequence: 

Title page 
Contents 
Abstract 
Text 
Acknowledgments 
Citations 
Text footnotes 
Appendix 
Tables 
Figure Legends 
Figures 

CONTENTS OF MANUSCRIPT 

Contents. Contains all text headings with page numbers omitted. 

Abstract. Not to exceed one double-spaced typed page. Should include 
a sentence or two explaining to the general reader why the research was 
undertaken and why the results should be viewed as important. Abstract 
should convey the main point of the paper and outline the results or conclu­
sions. Footnotes and references do not belong in the abstract. 

Text. A brief introduction should portray the broad significance of the 
paper. The entire text should be intelligible to readers from different 
disciplines. All technical terms should be defined. Follow the U.S. Govern­
ment Printing Office Style Manual, 1984 edition. 

Fishery nomenclature follows the American Fisheries Society Special 
Publication No. 12 , A List of Common and Scientific Names of Fishes from 
the United States and Canada, 4th edition, 1980. 

Abbreviations and symbols. Define all symbols, abbreviations, and 
acronyms . Define all symbols in equations and formulas. Abbreviate units 
of measure only when used with numerals or in tables and figures where 
there is lack of space. Periods are rarely used except for et ai., vs ., e .g ., 
i.e., etc. 

Measurements should be expressed in metric units. Other equivalent units 
may be given in parentheses . 

Text footnotes. Type on a separate sheet from the text. Footnotes are not 
used for reference material or personal communications, but rather to ex­
plain or define terms in the text and for contribution numbers. 

Personal communications are noted in parentheses in the text (name, 
affiliation, brief address including zip code, month and year). 

Citations. All written sources should be listed in the Citations section , 
including unpublished and processed material. In text, cite as Smith and 
Jones (1977) or (Smith and Jones 1977); if more than one citation, list 
chronologically (Smith 1936; Jones 1975; Doe 1977). All sources cited in 
the text should be listed alphabetically by the senior authors' surname under 
the heading CITATIONS. Abbreviations of periodicals and serials should 
conform to the Biosis Data Base™. The author is responsible for the ac­
curacy of all citations. 

Acknowledgments. Gather all acknowledgments into a brief statement 
at the end of the text. Give credit only for exceptional contributions and 
not to those whose contributions are part of their normal duties . 

Tables. Tables should supplement, not duplicate, the text. Each table should 
appear on a separate page, and be numbered consecutively. Headings should 
be short but amply descriptive so that the reader need not refer to the text. 
For values less than I, zeros should precede all decimal points. Give each 
column a heading with units of measure indicated in parentheses. Do not 
change the unit of measure within a column. Table footnotes should be 
numbered consecutively in Arabic numerals across the page from left to 
right and down; to avoid confusion with exponents, place them to the left 
of numerals , e.g. , 310. All tables should be cited consecutively in the text 
and their placement, where first mentioned. indicated in the left-hand margin 
of the manuscript page. Lengthy tables that are typed in the proper format 
and are clean and legible can be used camera-ready. 

Figures. Photographs and line drawings should be of professional quality­
clear and concise-and reducible to 42 picas for full-page width or to 20 
picas for a single-column width, and a maximum of 57 picas high. All il­
lustrations must be proportioned so that they are legible when reduced to 
fit the page format. Line weight and lettering should be sharp and even. 
Lettering on graphs should be upper and lower case, and vertical lettering 
should be avoided as much as possible (except for vertical, y, axis). For 
values less than I, zeros should precede all decimal points . Reproductions 
of line art work are accepted in the form of photographic prints from negatives 
or photomechanical transfer. Halftones should be sharply focused with good 
contrast. Micron rules should be inserted on electron micrographs, even 
when magnification is included in the figure legend. There should be good 
distinction between identifying letters (preferably press-on) and background 
of photograph. All figures should be cited consecutively in the text and their 
placement, where first mentioned, indicated in the left-hand margin of the 
manuscript page. Each figure should be labeled in pencil on the back. DO 
NOT SEND original or photographic prints of figures to the Scientific Editor; 
they will be requested when the manuscript is accepted for publication. 

Copyright. Government publications are in the public domain, i.e. , they 
are not protected by copyright. 

SUBMISSION OF MANUSCRIPTS 
Send original hardcopy and two duplicated copies of the manuscript to: 

Dr. Andrew E. Dizon, Scientific Editor 
NOAA Technical Reports NMFS 
Southwest Fisheries Center 
National Marine Fisheries Service, NOAA 
P.O. Box 271 
La Jolla , CA 92038-0271 

Indicate whether word processing storage media are available, but do not 
forward disks until requested by Scientific Editor or Scientific Publications 
office. 

Copies of published reports. For single monographs, the senior author 
will be provided with 50 copies free of charge and 50 to his or her organiza­
tion. For collections of papers. each senior author will receive 50 separates 
and one'cover, and his or her organization will receive the same. Additional 
copies may be purchased in lots of 100. 

ADDITIONAL INFORMATION 
Questions regarding editorial policy and procedures may be forwarded to: 

Nancy Peacock, Managing Editor 
NOAA Technical Reports NMFS 
National Marine Fisheries Service , NOAA 
Scientific Publications Office 
Bin CI5700 
Seattle, WA 98115 



NOAA Technical Report NMFS 59 

Atlantic Menhaden, 
Brevoortia tyrannus, 
Purse Seine Fishery, 1972-84, 
with a Brief Discussion of 
Age and Size Composition 
of the Landings 

Joseph W. Smith 
William R. Nicholson 
Douglas S. Vaughan 
Donnie L. Dudley 
Ethel A. Hall 

September 1987 

U.S. DEPARTMENT OF COMMERCE 
C. William Verity, Jr., Secretary 

National Oceanic and Atmospheric Administration 
Anthony J. Calio, Administrator 

National Marine Fisheries Service 
William E. Evans, Assistant Administrator for Fisheries 



The National Marine Fisheries Service (N MFS) does not approve, recommend 

or endorse any proprietary product or proprietary mate rial mentioned in this 
publication. No reference shall be made to NMFS , or to this publication furnished 

by NMFS, in any advertising or sales promotion which would indicate or imply 
that NMFS approves, recommends or endorses any proprietary product or pro­

prietary material mentioned herein , or which has as its purpose an intent to cause 

Lirectly or indirectly the advertised product to be used or purchased because of 
this NMFS publication. 

II 



CONTENTS 

Introduction 

Changes in sampling and reporting procedures 

Changes in the fishery 4 

Total landings , vessels, effort, and CPUE in the fishery 5 

Landings , age composition, effort, and CPUE by area 6 
North Atlantic 6 
Middle Atlantic and Chesapeake Bay 7 
South Atlantic 8 
North Carolina fall fishery 9 

Length and weight statistics 10 

Summary II 

Acknowledgments 15 

Citations 15 

Appendix Tables 16 

III 





Atlantic Menhaden, 
Brevoortia tyrannus, Purse 
Seine Fishery, 1972-84, 
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ABSTRACT 

This reporl summa rizes II) annua l purse seine landings of Allanlic menhaden , 
8r .. '00rlio Iyra"""s, for 1972-84. (2) eslimaled numbers of fish cau~hl by fi shing 
area. (3 ) eslimates of nominal fishing eO'orl and calch-per-unil-efforl. (4) mean 
fish lenglh and weighl. and (5) major changes in Ihe fishery. During Ihe 1970s 
stock size and recruitment increased and the age composition broadened . revers ~ 

ing Irends wilnessed during Ihe fishery's decline in Ihe 1960s. Landings sleadily 
improved and by 1980 Ihe lolal coaslwide landings exceeded 400.000 melric Ions. 
Neve rlheless. Ihe character of Ihe fi shery changed considerably. Eleven reduc­
tion planls processed tish at seven porls in 1972, bul in 1984 only eighl plants 
opera led al li ve ports . Beginning in the mid-I%Os the center of fishing activily 
shifted from the Middle Allantic area to Ihe Chesapeake Bay area . which has 
continued to dominate the fishery in landings and effort through the 1970s and 
1980s. During Ihis period the average size and age of fish in the catches declined . 

Introduction ________________ _ 

The purse se ine fi shery for All antic menhaden had ils origin s in 
coaslal New England waters during the 1800s . Fishing techn iques 
and process ing methods graduall y improved and by the 1930s Ihe 
fi shery spreaJ soulh to Ihe Middle and South Atlantic states 
(Nicholson 197 / a). Earl y in the evolulion of Ihe fishery the princi­
pal product was fi sh scrap useJ fo r fe rtili zer. Afler World War II 
Ihe demand for fish mea l and fi sh oi I increased , and the induslry 
underwent significant mode rni zati on. Major innovati ons included 
spotter aircraft . nylon purse se ines , hydraulic power bloc ks, alu­
minum purse boats. and large catcher vesse ls ( > 300 net tons) with 
refrigerated fish holds (N icholson 197 1 a). The inJustry grew 
rapidly and peak landings occurred in 1956 . Presen tl y almost all 
purse seine landings are processed at reduction pl ants into th ree 
major products: fi sh meal and fis h solubles used as supp lements in 
poultry feed. anJ fish oil used primarily as a refi ned ed ible oil in 
Europe and Canada. Rece ntl y. a small but increas ing porti on of the 
lanJings have bee n frozen fo r crab bait. 

Since 1955 the Beaufo rt Laboratory of the National Marine 
Fisheries Service (fo rmerl y the Bureau of Commercial Fisheries 
until 1970) has monitored the Atl antic menhaden purse se ine fi sh­
ery fo r biostati stical and catch-and-effort J ata. Summary report s 
dea ling with thi s fishery are ava il able fo r the years 1952-55 (June 
and Reintjes 1959) . 1956 (June and Reintjes 1960), 1957 (J une 
196 1), 1958 (J une anJ Nicholson I(64). 1959-62 (Nicholson and 
Higham 1964a.b, 1965 . 1966) . and 1963-7 1 (Nicholson 1975). 

The purposes of thi s paper are to update routinc biostati sti cal and 
catch-and-effort data co llected by the Beaufo rt Laboratory from 
the Atl antic menhaden purse seine fi shery during 1972-84 . to di s­
cuss age and size compos ition of the catches , to doc ument major 
changes in the fi shery, and to serve as a support ive doc ument for 
stock assessment analyses (Vaughan and Smith 1986a). Included 
are ( I) annual purse seine landings of Atl antic menhade n for ports 
from Maine to Florida ; (2) estimated numbers of fish caught in 
each of the five fi shing areas; (3) estimated nominal fishing effort 
and catch-per-unit-effort by area of vesse l ori gin : and (4) mean fish 
lengths and weights by fi shing area , season, and age. 

Changes in Sampling 
and Reporting Procedures ___________ _ 

Signi ficant changes have occ urred in sampling and repon ing pro­
cedures since the report of Nicholson ( 1975). Prior to 1972 . men­
haden port samplers were instructed to we igh (in grams). measure 
(fork length in mm ), remove sca les fo r ageing. and sex 20 fish 
randoml y chosen from a sampling bucket and taken fro m the top 
of the hold from each menhaden vesse l sampled. Since 1972 onl y 
10 randomly chosen fi sh per collec tion were weighed. meas urcd , 
and had scales removed (fish no longer sexed). as it has been 
recogni zed that a la-fish sample prov ides an adequ ate representa­
tion of a random sample from the vesse l's las t purse se ine set 
(Chester 1984). With the increased importance of Chesapeake Bay 
and North Carolina landings to the total. we increased sampling 
acti vity at these sites by adding a second port sampler in the earl y 
1980s during months of peak landings (Table I). 

For the purposes of summary and analys is. the Atl antic coast 
was divided ' into four geographic fi shing areas and one temporal 
fishing area by June and Reintjes (1959), with one minor change 
in the boundary between the Chesapeake Bay and South Atl antic 
areas of Nicholson ( 1975) (Fig. I). The North Carolina fa ll fi shery 
constitutes the temporal fi shing area and exp loits fish from abo ut 
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Figure I 

Location of fishing areas and plants, Atlantic menhaden purse seine fishery, 1972-84. 
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Table I 
Number of IO-fish sa mples collected from Atlantic menhaden purse seine catches by fishing area , port, a nd pla nt , 1972-84. 

Locati on 1972 1973 1974 1975 

NORTH ATLANTI C A REA 

Roc kland. ME 0 

Port land. ME I 0 

Gloucester. M A 0 6 20 2 1 

Poinl Jucli lh . RI 6 2 13 14 

M IDDLE ATLANTI C AR E A 

Port MonmOUlh. NJ 47 S9 67 133 

C H ESA P EA K E BAY AR EA 

Reedvi lle. VA 0 

(3 planlS) 170 191 III 125 

306 228 125 124 

SO UTH ATLA NTIC AR E A 

l:kall I'on. NC 27 89 97 10] 

(3 plan") 7 I I 45 

10 0 53 06 

Sou lhport . NC I} 32 40 53 

Fernandina Beach. H . 70 26 6 43 

Tow ls 656 636 543 727 

*Plant did not ope rate. 

Cape Hatte ras south to the southern borde r of North Caro lina. This 

fishery usuall y beg ins in late October or earl y November, depend­
ing upon the arri va l of migrato ry menhaden from waters fa rther 

north , and ends the last day of Fe bruary of the next cale nder year 

(a lthough most fishing acti vity usua lly stops by mid-January ). For 

standardi zed da ta summary, the first week of the fa ll fishery is 

taken to be the wee k which ends be tween 8 and 14 November. 

Vesse ls rare ly fished in areas other than where the ir ho me port 

and process ing plant were located Cfable 2) . Exceptions included 

vesse ls from the pl ant at Port Monmouth , NJ (Middle Atl anti c 

a rea) which freq uentl y fished in Long Island Sound (North Atl antic 

a rea) , and vesse ls from plants in C hesapeake Bay which in 1983-

84 tended to fish mo re often in areas north of the C hesapeake Bay 
area and a lso in the South Atl antic area during November and 

December. Vesse ls from the South Atlantic area rare ly fished in 
areas to the north . 

Estimated num bers of fish a re calc ul ated as desc ribed in C hester 
( 1984 ). Howe ver. unlike previous summary reports fo r Atl antic 
menhade n , we report the estimated numbers o f fi sh by area c(l lIg ill 

rather than by area lallded. The fo rmer is biogeographicall y more 

realisti c , and better serves our purpose of prov iding a supporti ve 
doc ument fo r population mode ling and stock assess ment analyses 

(Vaughan and S mith 1986a). Furthermore. recent sta te manage­
me nt opti ons deve loped fo r the Atl antic me nhaden fis hery 
(Vaughan and Smith 11}86b) we re dev ised based on area of cap­

ture. In this li ght , Table 3 shows to nnage of fish by a rea landed , 

and from a hi sto rical perspec ti ve serves the concerns of sta te fish­

e ries manage rs and menhaden industry personne l. Estimates of 

number of fish by area caught (Tables 8-1 2) were not derived 

d irectl y from to nnages in Table 3 . but rather from the proportion 

o f sampled fish caught by fi shing area as computed via our sam­

pling program. 

In thi s report we use the te rm " land ings" to refer to ( I) the to ta l 

we ight of fi sh ( in metric tons) offl oaded at a pl ant (or pl ants), or 

(2) the coas twide estimate o f to ta l number of fish harvested and 

offloaded at doc k s id~. We use the te rms "catch" or "area caught" 

1976 

18 

18 

125 

108 

132 

89 

22 

4 1 

63 

26 

647 

3 

1977 197R 1979 1980 198 1 1982 In3 1 9~4 

2 0 0 0 4 I I 62 

0 7 0 0 0 2 6 

30 64 66 66 100 60 95 17 1 

15 15 9 0 

17 1 11 6 92 109 115 

11 0 108 97 84 170 243 270 266 

158 137 13] 137 164 233 :13~ 30 1 

74 53 M 11 4 158 139 205 19 1 

33 4 1 42 32 27 28 59 55 

50 48 53 43 37 S9 94 78 

49 63 42 27 66 ~8 29 

32 S9 39 119 80 52 42 45 

724 7 11 637 73 1 92 1 907 TI49 1.1 69 

in reference to estimates of number of fish caught in a g iven fi shing 
a rea. In a sense, our use of the te rm "catch-per-unit-e ffo rt (CPUE)" 

is a mi snomer , because in this report CPUE is ac tua ll y " Iandings­

per-unit-effo rt" de fined as metric tons of fish landed per vesse l 
weeki . 

His toric port sampling data fo r s ize and age were re-examined 

fo r errors us ing recently deve loped ed iting programs on the com­

puter; correc tions were made to the data set where appropriate. 

Hence, estimated numbers of fi sh caught at age for 1970-84 

(Tables 4 and 8- 12) may di ffe r s lightl y with numbers reported 

by Nicholson ( 1975) and those in ASM FC ( 198 1). Estimated 

numbers-at-age fo r yea rs prior to 1970 are from two sources: 

1965-69, estimated numbers by area caught are from the data set 

I A ves~e l week is one vesse l fi shing lit least one day of one week . 

Table 2 
Percentages of Atl a ntic menhaden (estima ted numbers of 

fish) ca ught by purse seine vessels in a reas other than where 
their hom e ports were located . 

Year NOrlh Al lanlic Midd le Al lanl ic Chesapeake Bay 

1972 0 .0 14 .7 5 . 1 
1973 0.0 2 1.3 2.4 

1974 0 .0 17.2 13.0 

1975 0 .0 548 1 0 . ~ 

1976 0 .0 267 15 .2 

1977 0 .0 20 .7 9 .3 

1978 0 .0 5g .7 8.X 

1979 0 .0 4X .6 0 .6 

1980 0.0 59.4 0.0 

198 1 0 .0 62.6 3.1 

1982 0 .0 3 .2 

1983 0 .0 20 .0 

1984 0.0 20 . 1 

*Pl anl d id not upera te . 



Table 3 
Atlanlic menhaden purse seine landings ( 10·' melric Ions) by area landed. 

t940-84. 

Nort h 

Y C<1r Allantit' 

1940 16 .8 

194 1 ., .1:\ 

1942 14 .6 

194.' 9 .8 

1944 27 .5 

1945 34.0 

1946 42.9 

1'.147 44.2 

1948 44.4 

11J49 52 .2 

1950 49.3 
19) I ) 1.0 

1952 5~. 1 

1453 59 .7 

1954 64.9 

1955 83., 
1956 9S .5 

1957 8.1:\ 

1958 36.0 

1959 66 .0 

1960 66.4 

196 1 58 .6 

1962 64 .7 

1963 35 .2 

1964 15.0 

1965 11.9 

1966 1. 8 

1967 0.0 

1968 0.7 

1969 2 .9 

1970 4 . .1 

197 1 10.4 

1972 14 .5 

1973 29.9 

1974 35 .8 

1975 23. 1 

1976 28.4 

1977 15 .0 

1978 3 1.4 

1979 29.4 

1980 29 .7 

198 I 21.8 

1982 

19K1 

1984 

Middl e Chesapeake South 
Atlantic Bay At lantic 

9 1.1 .15 .3 37.9 

104 . 1 60 .2 45.2 

77. 7 n9 32 .9 

96 .X 42 . 1 59 .7 

122 .6 32 .2 46 .9 

136.4 35 . 1 58.5 

183.8 57 .6 40.8 

185 .8 8 1.2 34 .2 

137.4 68 .3 55 .8 

149.8 62.8 59.3 

143 .0 6.1 . 1 20.0 

1686 56 . 1 54 .0 

193 .7 45. 7 HbO 
36.1 .2 77. 8 52.8 

33) 7 126.0 .1 '.1 .6 

3 17.6 1.12 .7 43.4 

378 . .1 94 .0 68 .6 

304.5 126 .0 .16.4 

21 1. 1 15U 4U 

250 .9 196 .8 63. 1 

250 .0 108 .5 36 .7 

274.6 128.7 44. I 

249 .9 155. 1 42 .2 

11 1.7 104 .0 34.2 

35.2 1.14 . 1 46 .5 

45 .8 126 . I 36 .7 

6 .0 11 5.0 24.5 

17. 1 9 1. 1 34. 1 

26 .2 115 .5 .13 .6 

12.5 720 .12.9 

I I A IX2 .9 42.4 

23 .0 170 .7 38.3 

54 .6 245 .5 459 

293 I 

3 18.9 

238.6 

277.4 37.2 

194 .8 45.9 

149 .8 59 .5 

24.1.3 50.7 

244 . 1 49.8 

2 14. 1 60 . .1 

230.7 6 1. 6 

282.8 53 .2 
2 15 .9 79. 1 

)8 .8 

3U 

19.0 

North Carol ina 

fall fi shery TOIa l 

36.6 2 17.7 

34.9 277 .9 

20 . 1 167 .2 

28 .8 237 .2 

2X .7 257. 9 

3 1.9 295 .9 

37 .. ' 362.4 
32.9 3n.3 
40.6 346.5 

39.7 363 .8 

2 1. 8 297 .2 

3 1. 1 361.4 

26A 409.9 
3<) .7 593.2 

4 1. 9 608 . 1 

64A 64 1.4 

7:>.7 7 12 . 1 

52. 1l 602 .8 

70 .3 5 11l .U 

82 .. , 659 . 1 

62 .2 529 .8 

09.9 575. 4 

25.8 537.7 

6 1.8 346.9 

38.4 269 .2 

52 .9 273.4 

71.7 219 .6 

5 1.2 193 .5 

52.8 234 .8 

41.3 161.6 

18 .3 259.4 

7 .9 250 .3 

5.4 365 .9 

2.4 346.9 

15 .7 292.2 

17 .8 250 .2 

18 . I 340 .5 

.12 .2 34 1 I 

38 .2 .'44. 1 

54.0 375.7 

35.8 40 1. 5 

645 38 13 
30.5 

68.4 

68 .7 

382.4 
4 18 .6 

.126 .3 

*Lamlin gs from two areas combined to protect con fidential data . 

used by Ahrenhol z e t a l. ( 1987) : 1955-64. estimated num bers· at· 

age are available only by area landed and a re from Nicholson 

( 1975) 

Appendix form ats used by Nicholson (1975) which featured 

length-frequency distributions for sampled fi sh by port and age, 

and mean lengths of sampled fish by month and age. were consol ­
idated and refined. In Appendix Tables 2-13 we report s imple 

mean lengths and s imple mean weights by fi shing area (and coast­

wide). age (in yr) . and season . Appendix Table I defines seasons 

(= quarters) used in subseq uent appendices. Coastwide es timates 

of numbers of fish landed by age and quarte r for 1965-84 th at were 

used in stock assessment analyses (Vaughan and Smith 1986a) are 

given in Appendix Table 14. 
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Changes in the Fishery ___________ _ 

As doc umented by Nicholson ( 1975) . the purse se ine fi shery for 
Atlantic menhaden declined through the 1960s when fish became 

scarce in the northern half of their range . Stock size decreased due 
to low recruitment and the age structure became truncated (Ahren­

ho lz et a l. 1987). Plants closed and the vesse ls red uced thei r 

fishing north of Chesapeake Bay . During the mid·1960s landings 

and CPUE at plants in C hesapeake Bay declined even as e ffort 

increased. South of Cape Hatteras . the fishery was re lati ve ly sma ll 
and there was lillIe change. During the 1970s recru itme nt levels 

increased and by the latte r part of the decade the age s(ruc ture 

began to broaden (Ahrenho lz et a l. 1987). Nevertheless , the char· 

ac te r of the fishery changed considerably during the 1970s. Eleven 

reduction plants operated a t seven ports in 1972. but in 1984 only 

e ight plants processed fi sh at five ports . 

Plants in the North Atlantic area pri marily process fish offa l 

frum the New England trawl fi sheries. but they process menhaden 

during summer and earl y fall when the fish are ava ilable loca ll y. 

Must vesse ls fishing for North Atl antic plants a re trawlers that 

convert to purse se ine fishing during summe r. In 1972 on ly two 
pl ants (PI. Judith , RI , and Glouces te r, MA) were ac( ive in the 

North Atlantic area (Fig. I). In 1975 three facilities processed 

menhaden (G loucester , MA. Portland, ME. and Rock land , ME). 

and a lthough purse seine vesse ls continued to land menhaden at Pc 
Judith , the reduction pl ant had closed and the fish were transported 

via truck to the fac ility at Portl and for processing. Landings at PI. 

Judith were handled in this manner through 1979 and again in 

1982. After 1983 the pl ant at Portland closed . In 1984 onl y the 

facilities at Gloucester and Roc kland processed menhaden . C lo· 

sure of the plants at PI. Judith and Portland was not rela ted di rec tl y 

to a scarcity of menhaden, rather it was primaril y due to local 

fac tory-odor abatement problems. In 1984 the plant at Glouces te r 

came under s imilar scrutiny and was inactive during 1985 and 

1986. 

During the 1950s and early 1960s as many as fiv e red uction 
plants were ac ti ve in the Middle Atlantic area. but through the 
1970s onl y one plant at Port Monmouth, NJ, was active . It ceased 

opera tion after the 1981 fishing season . During the late 1960s and 

early 1970s acquisitions and consolidation reduced the number of 
operating fac tories in the Chesapeake Bay area (N icholson 1975) . 
By 1973 onl y two process ing plants remained in the C hesapeake 
Bay area: both were in Reedvi lle. VA . and both were ac ti ve 
through 1985. One of these te mporaril y suspended ope ratio ns after 

the 1985 fishing season . During the mid·1960s plants in 
Chesapeake Bay acquired larger and faster vessels . and (he fi shing 
season was extended into November as migratory schools of fi sh 
were exploited off the Virg ini a capes (Nichol son 1975). This trend 

continued through the 1980s with Virginia pl ants processing fish 

into December in 8 of 13 years be tween 1972 and 1984 . In some 

years (1980s) migrato ry fi sh harvested as far south as Cape Hat · 

teras, NC, were processed in Virg inia . Moreover . beginning in 

1983 vessels from Chesapeake Bay caught significant numbers of 
fish (Table 2) in the Middle Atlantic and North Atlantic areas. left 

vacant after the plant at Port Monmouth c losed in 198 1. Thus. by 

the mid·1 980s vessels from Chesapeake Bay exploited Atlantic 

menhaden in all four geographical fishing areas . 
In the South Atlantic area. the number of processing plants 

remained relatively stab le from 1972 to 1984. Two plants in Beau· 

fort . NC, operated during a ll years of the period in bo th the 



"summer" fi~he ry " and the North Carolina fall fishery . A third 
pl ant in Beaufort operated during the summer fishery of 1972 , 
1973 . 1975 . and 1978-80. and during each North Carolina fall 
fishery. 1972-84; thi s plant was inactive during 1985 and 1986. 
One plant in Southport. NC. was active during the summer fishery, 
1972-83. and during the North Carolina fall fishery of 1975, 1977 , 
1978. and 1980-83. It closed after the 1983 fishing season. The 
single plant in Fernandina Beach. FL, was active during all years, 
1972- 1984. 

Total Landings, Vessels, Effort, 
and CPUE in the Fishery __________ _ 

Total landings of Atlantic nlenhaden declined precipitously during 
the 1960s. falling from 575.900 metric tons in 1961 to 161 ,600 mt 
in 1969 (Table 3). Landings grad ually increased through the early 
1970s . ye t fluctuated between 250,200 mt in 1975 and 365,900 mt 

~Thl:.· summer fishery in the South Afl £lnt ic area IrCiditiolla ll y refers to the fishery from 
April through curly November. after which time migratory sc hools of fish from more 
northerl y lati tudes begin 10 "ppcar in North Carolina coastal wate rs. 

in 1972. During the late 1970s landings rema ined above the 
340,000 mt level anu continued to climb . By 1980.401 ,500 mt 
were landed and the landings of 418.600 mt in 1983 were the 
greatest since 1962. 

During the 1960s t'le estimated number of fish in the coastwide 
landings declined to a low of 868 . 18 million fish in 1969 (Table 4). 
As landings improved through the earl y 1970s, estimated numbers 
of fish landed ranged from 969.1 million in 197 1 to 1.990.6 mil ­
lion in 1974. Estimated total numbers of fish exceeded :1.000 
million in 1976 and remained above thi s leve l through 1984. Our 
estimate of 3,984.0 million fish landed in 1981 was the greatest 
since 1959. 

Although estimated numbers of fish in the landings during 1976-
84 approached, and even surpassed in some years. the estimates of 
the 1950s , the age composition of the landings during the late 
1970s and early 1980s changed considerably (Table 4). The fishery 
has always relieu heav il y on prespawning fi h (age 2 and younger) 
Cfable 4). Prior to the population decline in the early 1960s. the 
annual percentage of prespawners in the total landings averaged 
83% between 1955-62 (range: 51-96o/c). Over the period 1975-84 
greater numbers of prespawners were taken and their annual per­
centage in the total landings was 94% (range: 87-98'7c). Notewor-

Table 4 
Estimated numbers (106) of Atlantic menhaden by age caught by purse seine vessels, 1955-84 . 

Age (yr) 

Year 0 4 6 7 8- 10 TOlal 

1955 76 1.0 1 674. 15 1.057.68 267.31 307.2 1 38.07 10.53 I .X4 0.64 3.1 1844 

1956 36.37 2.073.26 902.72 3 19.60 44.78 150.68 2R.70 n.72 1.99 3.564.82 

1'157 299.58 1.599.98 1.361.77 96.73 70 .80 40.52 36.93 4.26 1.10 3.511 .67 
1958 106.06 858 . 16 1.635.35 72.05 17.25 15.94 9.09 488 043 2.7 19.21 

1959 I 1.40 4.038.72 85 1.29 388.27 334 1 11 .87 12.36 4.55 1.77 5.35364 

1960 72. 17 28 1.01 2.20863 76.37 102.20 23.77 7 .95 2.36 0.65 2.775.11 

1961 0.25 832.42 503.60 1.209 .57 19.1 8 29 .38 2.86 .8 1 0.24 2.598 .3 1 
1962 51.58 514.11 834 .52 2 17.25 423 .37 30.75 24.60 2.98 0 .70 2.09986 
1963 96.89 724 .23 709.20 122.53 44.97 52.38 10.42 3.33 0.56 1.764.51 
1964 * 30259 703 .95 604.98 83.50 17.94 7.85 6.62 1.3 1 0.32 1.729.06 

1965 249.12 745.2 1 42 140 77.76 12.17 1.8 1 1. 22 0 .75 0.06 1.509.48 

1966 34945 550.82 404 . 14 3 1.70 3.89 0 .36 0 . 11 0 . 11 0.04 1.340.6 1 
1967 6 .95 633.20 265 .67 72.77 5.09 04'1 U.UI '184.18 
1968 154.26 377.36 538 .95 65.69 10.67 0.98 0 .06 1.147.98 
1969** 158 . 13 372.33 284 .3 1 47.81 5.44 0 . 15 0.0 1 868.18 

1970 2 1.42 870.85 473.92 32.63 4 .02 0 . 11 1.402 .96 
197 1 72.85 263.29 524.32 88.29 17 .84 2 .5 1 969. IU 

1972 50. 16 981.27 48847 173 .06 19.12 1.86 1.7 13.95 

1973 55 .98 588.47 1.152.94 38.63 7.00 0.34 1.843 .36 
1974 3 15.55 636 .68 985.97 48.59 249 1.35 1.990.(,3 

1975 298 .64 7 19.96 1.086.53 50.24 6.63 0 .20 0. 10 2. 162.30 
1976 274.23 1.6 11.96 1.341.09 47 .97 7.95 0 .28 3.283.47 
1977 484.62 1.004 .54 2.081 .77 83.46 17.80 1.4 1 0 . 11 3.673.7 1 

1978 457.4 1 664.09 1.670.9 1 258. 12 31.19 3.48 3.085 .2U 

1979 1.492.46 623 . 14 1.603.29 127 .93 2 1.76 1.47 O.U'I 3.87U.13 

1980 88.29 1.478 .06 1.458.23 222. 7 1 69.23 14 .36 1.44 3.332.32 
198 1 1.187.57 698 .66 1.81 1.46 222.20 47.47 15.37 1.27 3.'184. U2 
1982 11 4. 11 9 19.44 1.739.55 379 .67 16. 33 5.78 0 .53 0 .32 3. 175 .72 
1983 964.41 5 17.22 2.293.06 11 4.35 47 .37 5.0 1 0 .23 0.46 3.942 . 11 
1984 1.294.22 1.024. 17 892.09 27 1. 50 50.34 15 .2 1 0 .51 3.548.04 

* 1955-64 Jala from Nicholson ( 1975). 

** 1965-69 data from database used by Ahrenholz el al. ( 1987) . 
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thy were the large numbers ,' f age-O menh aden (i.e . . "peanuts") 
caught during 1974. 1979. 199 I . 1 9~3 . and 1984. most of which 
were taken during the North Caro lina fa ll fi ~he ry. 

Total number of ves,els in th ~ fi, hery fe ll from 150 vesse ls in 
1955 to 51 vesse ls in the early 197()s (Table 5). Vesse l numbers 
in .:: reased slightly during the mid- I Y70s to M . then dec lined further 
to 38 ve,scl s in 1984. 

Since the mid- 1950s to earl y 19h0s when nominal ~ffort ex· 
pended by the tleet averaged (lVer 2.000 ve~sel week> per year. the 
ge neral trend in nominal effort has been one pf dec'line (Table 6). 
On the other hand. effec ti ve effo rt 1 has probabl y increased . as 
modem vesse ls are much more effici ent th an their earlier counter­
parts. ow ing in part to fas ter steel-hull vts,els wi th grealer refrig­
erated hold capacities and better coordin ati on among vesse ls and 
spotter aircraft. This has all owed for in c r~a"ed time spent fishing . 

' In the Atlant ic menhaden fishery. observed or nomi nal II shi ng effort cannot be 
dir(;c tt y adjusted tu units of effective elTon (effun that is a more reliable measure of 
fi sill ng m"n"li ty) fo r reasons outl ined by icholson (197Ia) and Schaaf and Hunt s­
man ( 19721. 

Table 5 
!'lumbers of purse seine vessels tha t landed Atlantic menhaden durin~ the 

lishing season by arca of vessel origin . 1955-84. 

NC 
Fishing ;-.J"rth 'vliddk ChcSJpc.lkc South fall 
season Total I Atlantic:! A!lalHiL' 8 ay ' Atl antic·· I i s hcr~ 

1955 
1956 
1957 
1958 
1959 
1960 
1%1 
1962 
1963 
1964 
1965 
1966 
1967 
1%8 
1969 
1970 
197 1 
1972 
1973 
lY74 

1975 
1976 
1977 
1978 
1979 
1980s 

198 1 
1982 
1983 
1984 

150 
149 
144 
130 
144 

115 
117 
11 2 
112 
III 
84 
76 

64 
59 
51 
54 
51 
5 1 
58 
63 
6 1 
62 
64 
53 
54 
51 

57 
47 
4 1 

38 

39 
40 
33 
23 
34 
19 
2 1 
20 
10 
9 

6 

o 

i) 

13 

II 

9 
7 

6 

47 
47 
46 
'7 
1'\ 

10 
4 

4 
4 

I 
2 

4 
6 

6 

4 

5 
5 
4 
6 
7 
o 
o 
o 

20 
24 
~5 

~H 

J i 
~2 

2: 
2~ 

36 
3!i 
38 
36 
32 
25 
22 
18 
20 
19 
23 
22 
22 
21 
24 
22 
22 

24 

23 
22 
24 

26 

34 
10 

1 1 

26 
25 
20 
20 
15 
16 
111 
i ~I 

16 
16 
16 
16 
II 
II 
II 
I I 
12 
14 
12 
10 
II 
13 

12 
13 

8 
10 

6 

5i 

63 
lJ4 

63 
59 
~ 7 

44 

49 
41) 

5 1 
40. 

43 
46 
45 

36 
37 
32 

5 
4 

12 
17 
13 
16 
18 
18 
19 
19 
18 
17 
12 

' Incl udes all v""e ls that landed fi sh duri ng Ihe year. Wilhin a year. the sum 
of v\;~se:s acros~ all areas doe~ not equal the lotal because numerous vessels 

that pa nlcipated in the summer IIshery in Chesapeake Bay also fi shed from the 
rort of Beau lon . NC. during Ihe on h Carolina fa ll IIshery. 

:: Ve~ .... els fishing from New England ports in recent years are mostl y trawlers 

thai convert tu purse sei ners in summer. Some fis h regularly and others IIsh 

sporadic"ll) . 
-' Includes vessels that fished only in the summer fis hery. Does nOI incl ude 
vessel s added in October or November. 

" Includes oni y vesse ls that landed regu larl y in the summer fishery. 
s 1955 -dO data from ASMFC ( 198 1) . 

Give n the,e improve ments. the fishi ng powe r {If the modem neei 
has probabl y m,1 ll' than dvubled (Ahre nholl. et al. 1 9~7). 

Catch-per-un it-el fo rt trends in Chesapeake Bay and areas north 
showed g.eneral dec li nes through the 1960s . wi th improvement 
through th t: 1l/7(l, and ear ly 1990s (Tabl e 7). South of Chesapea~,c 

Bay dramatic declines in CPUE were not apparent dUring tht' 
1960" and CPUE tended to increase during the 19705 and earl y 
1990s. 

Landings, Age Composition. Effort, 
and CPUE by Area ____________ _ 

North Atlantic 

For the period 1955-62 annual land ings in the North Atl ant ic area 
averaged 11 % 01 the to tal annual landings for the entire fi shery 
(Table 3). Landings declined through the 1960s and as the popula­
li on recovered in the 19705 the North Atlantic area again con­
tri buted significa ntl y tv the total landings. Between 1972 and 
198 1" annual North Atlantic landing.s averaged about 8% of the 
total (isnery. 

The purse se ine fi shery fo r Atlantic menhaden in the North 
Atl antic area is wmpri sed almost excl usi ve ly of age-2 fish and 
older. with age, 2 and 3 predominating (Table 8). During the 

-'North At~anti ...: C1rl'a IdnJings ~'UI ! 982-84 are cumbincd wi th other arcas to protect 
landings confidentiali ty. 

Table 6 
Atlantic menhaden nominal fishing effort (vessel weeks) by area of vessel 

or igin, 1955-84. 

North Midd le Chesapeake South NC fall 
Year Allantic Allantic Bay Atlant ic fis hery Coastwide 

1955 
1956 
1957 
1958 
1959 
1960 
196 1 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

197 1 * 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
198 1 
1982 
1983 
1984 

526 
564 
43 1 
268 
413 
32 1 
292 
322 
265 
143 
96 
41 
o 

28 
39 
30 
87 
89 

138 
152 
146 
142 
117 

110 
98 
67 

83 
135 
103 
100 

1,0 18 
979 

1.094 
82 1 
980 

906 
1.01 8 
1.035 

874 
381 
302 

89 
126 
122 
11 6 

62 
79 

10 1 
116 
127 
95 

123 

131 
90 

95 
128 
137 

o 
o 
o 

454 

487 
552 
578 
685 
416 
482 
58 1 
676 
806 
838 
809 
781 
636 
523 
536 
512 
564 
629 
589 
6 16 
570 

663 
6 14 
589 
636 
545 
535 
600 
570 

488 

563 
469 
397 
518 

286 
396 
3 10 
276 
292 
361 
269 
24 1 
255 
173 

177 
180 
199 
203 
238 
287 

254 
2 16 
274 
274 

23 1 
239 
207 
147 
96 

~62 

285 
229 
279 
251 
168 
183 
103 
240 
185 
21lX 

178 
168 
168 
144 
lUI 
39 
20 
13 

39 
74 
74 

112 
122 
142 

Y6 
129 

71 
145 
126 

2.748 

2.878 
2.775 
2.343 
2.847 
2.097 
2.371 
2.351 
233 1 
1.807 
1.805 
1.386 
1.3 16 
1.209 

qq5 

900 
~'i7 

q7} 

! .099 

1. 145 
1 .2 1 ~ 

1. 163 
1.~ 3Y 

1.21t! 
1. 198 
I . ! 5R 

1.133 

948 
995 
R92 

* 1955-7 1 data d" aot agree with Nicholson (I Y75) because he adjusted (re­
duced) effon in the Nort h Atlantic area. and to some extent areas farther 
soulh . to com pensate for Ihe sma ll sile of vesse ls that freque ntly fi shed in 
those areas. Present values are unadjusted esti mates Df nominal fishing effort . -_ .. _-_._------- ----- ---- ----" 



I Table 7 
('a tch-pe r -unit -effort da ta (metric to nslvessel week ) ror the Atla ntic men-

had en pu rse seine fi shery, 1955-84. 

ort h Midd lc Che,apeuke South NC fa ll 

A t l~ l ntil.· Atlantic Bay A tlant ic fishery 

1 ~55 15K .11 :> 292 89 246 

1'i56 175 .1X6 193 122 259 

1957 194 17H 22K 7X 227 

1 ~5K 134 257 262 104 252 

1959 160 256 2X7 122 328 

1%0 :>()7 2X.1 26 1 128 .170 

1% 1 :> 01 270 267 II I 382 
1t)(,1 20 1 241 267 13n 250 

1% ., 1.13 12K 154 124 258 
1'i()4 105 n 166 159 208 

1%5 1:>4 152 ISO 102 254 

1% 6 44 67 14.1 91 403 

1%7 0 136 117 141 305 

IY6X 239 215 182 132 .1 14 

1969 74 lOX 13K 190 287 

1970 143 184 34 1 240 181 

i 971 120 2'1 1 .,3.1 2 13 203 

1972 16.1 541 435 23 1 270 

i9n 217 372 183 185 

1974 236 272 19.1 403 

1975 15X 21 I 207 24 1 

1976 200 .15 1 200 245 

1'i77 128 307 231 288 

197X 285 304 220 .1 13 

1979 .100 337 225 380 

1980 443 .,70 230 373 

198 I 26.1 3 17 33 1 500 

1982 4.'7 2K4 430 

1'iX .1 454 213 472 

1984 356 198 545 

*CPLI E da ta fro m twu urcas combined to pro tect confidentia l landings . 

19605 estimated nu mbers of fi sh caught fe ll from 130 .7 million in 

1962 to zero effo rt and no landings in 19675 Thruugh the early 

19705 increasing numbers of age-2 and -3 fish were captured and 

by 1980 and 198 1 age-4 and -5 fi sh a lso made signi ficant contribu­
tions to the Nurth Atl antic catch . By the late 1970s annual esti­

mates of tuta l numbers of menhaden caught in the North Atlantic 

area approached pre- 1963 le vels . 
T he number of ac tive purse se ine vesse ls in the North Atlantic 

area increased through the 19705 to 13 by 1978. but pre- 1963 

leve ls of partic ipation in the fishery were no t atta ined (Table 5). 
T he numbers of vesse ls dec lined in the 19805 and in 19H4 on ly s ix 
vesse ls fished out of two purts (G louceste r and Rock land). Effort 
in the Nurth Atl anti c area increased duri ng the 1970s to 152 vessel 

week s in 1974, bu t then flu ctuated be tween 67 vesse l weeks in 
Il)HO to 146 vesse l weeks in 1975 (Table 6) . During the mid- 1970s 
C PU E le ve ls in the North Atl antic area ranged from 128 mt/vesse l 

week in 1977 to 236 mtlvesse l week in 1974 (Tab le 7). C PUE 

gradua ll y increased th rough the late 1970s and reac hed 443 mtlves­

se l week in 1980 . C PUE leve ls greater than 250 mt/vesse l week 

were mai nta ined through 1984 6 

; Althoug h nn me nhaden were landed for red uctinn a t No rth Atlant ic po rts in 1967. an 
e,lInulied ., .3 mill io n fi sh were caught in the North At lant ic arca (Table 8 ). but we re 
landed in e ither the Midd le Atl antic or C hesapeake Bay areas. 

'CPUE va lues for Midd le Atlanti c and C hesapeake Bay areas for 1972-8 1 have bee n 
comb ined to protec t landings confident ia lity . Likew ise. CPUE values fo r the North 
Atl " ntic and Chesa peake Bay areas for 1982-84 have also bee n combi ned . 
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Middle Atlantic and Chesapeake Bay 

Between 1973 and 198 1 onl y one pl ant operated in the Middle 

Atl antic area and onl y two plants operated in Chesapeake Bay; 
therefore, a di scussion of At lantic menhaden landings from these 

areas , 1973-81 , requires tha t ac tual land ings information be com­

bined to protec t confidenti a l data. Furthermore , after 198 1 the 

fac ility in New Jersey closed . hence the C hesapeake Bay area 

landings fo r 19H2-H4 were necessaril y combined with North At­

lantic area landings , aga in fo r reasons of confidentia lity. 

Prio r to 1962 , annual landings of Atlantic me nhaden in the 

Middle Atl antic area surpassed those of the Chesapeake Bay area, 

often more than two fo ld ( 1955-57 , 1960 , 196 1) (Table 3). Be­

tween 1955 and 1962 annual Middle Atlantic area landings aver­

aged 67 % of the total from bo th areas combined. Landings for both 

a reas dec lined sharply in the 1960s, low values be ing 6,000 mt for 

the Midd le Atl antic area in 1966 and 72 ,000 mt for the Chesapeake 

Bay area in 1969. By 1972 several pl ants in New Jersey and 

Delaware c losed and only the pl ant at Port Monmouth remained . 

Between 1972 and 198 1 landings shi fted dramatically in favor of 

C hesapeake Bay pl ants , with annual landings fo r the area often 

exceed ing the Middle Atlantic area landings fourfo ld ( 1975 , 1977-

80). Between 1972 and 198 1, annual landings from bo th areas 

combined averaged 68 % of the tota l landings fo r the entire Atl antic 

menhaden fishery. During 1982-84 landings from the combined 

North Atl antic and Chesapeake Bay areas ave raged 75 % of the 
to ta l landings fo r the entire fishery (Table 3) . 

Estimated numbers of fish caught in the Midd le Atlanti c area 

increased through the early 1970s and reached almost 400 milli on 
in 1976 , a lthough never approaching the reco rd leve ls of over 

1.000 mill ion caught prior to 1961 (Table 9) . Estimated num bers 

dec lined to 52. 1 million by 1978 and remained below the 100 

milli on level th rough 1982. After the c losure of the pl ant at Port 

Monmouth , vesse ls fro m C hesapeake Bay began more freque nt 
expl o itation of waters in the Middle Atlantic and North Atl ant ic 

areas. By 1983 plants in Virginia processed an es timated 300.2 

million fish harvested in Midd le Atlantic waters . During the 1970s 

and early 1980s, age-2 fish predominated in catches from the 

Middle Atl antic area, w ith re lati ve ly large numbers of age- I fish 
taken in 1972 , 1976 , and 1978 and age-3 fish in 1972 , 1977 , and 

1984 . 

As processing fac ilities in New Je rsey and De laware closed in 
the 1960s, the number of acti ve vesse ls fe ll sharpl y (Table 5). 

Before 1964 over 40 vesse ls landed Atlantic menhaden in the 
Middle Atl ant ic a rea , but by 1973 only 6 vesse ls were ac ti ve , all 
based at the Port Monmouth pl ant. Between 1972 and 198 1 nom­
ina l effort at the Port Monmouth plant averaged 11 4 vessel weeks. 

or 12O/C of the ave rage annual e ffort expended in the Middl e At­
lantic area be tween 1955 and 1962 (Table 6) . 

Estimated to ta l numbers of fish caught in the C hesapeake Bay 
area dec lined th rough the 1960s to a low of 254 million in 1969 
(Table 10). Estimated numbers fluc tuated thereafte r, but genera lly 

tended to increase toward and beyond the 1,000 million leve l. In 

1980 an estimated 2 ,0 15 .8 million fi sh were harvested in the 

Chesapeake Bay area , the greates t number since 1959. T he catch 

of 1982 also surpassed 2 ,000 mill ion fish. As Chesapeake Bay area 

land ings increased during the 1970s, age composition of the catch 

shifted towards a greate r percentage of age-2 fi sh. Between 1955 

and 197 1 estimated numbers of age- I fi sh uutnumbered age-2 fish 

in 9 out of 17 years (Table 10) . Between 1972 and 1984 estimated 

numbers of age-2 fi sh predominated over age-I fish in 10 of 13 

years; in 1983 age-2 fish compri sed 83% of the tota l estimated 



Table 8 
Estima ted number< (106) of Atla ntic menhaden by age caught by purse seine vessels in the North 

Atlantic area. 195;;-84. 

Age Iyr) 

Y ear () 4 6 8- 10 Towl 

1955 0.42 21.74 114 .62 2 1.94 7 .94 0.93 0 .38 167.97 
1956 11 .79 69 .51 15 .89 8125 12. 91 2.50 0 .72 194 .57 
1957 2.0 1 83 .87 3503 2942 Ib . IS 17. 13 2.83 11 .46 186 .90 
1958 0 . 1.1 44 . 18 20 .59 7.08 5.76 4.36 2.00 001} M. 19 
1<)59 8 . .17 37 . 13 95 .97 111 .59 4. 06 4 .27 2.08 0 .90 163.37 

1960 88.64 .14 .87 40 .53 6.52 2.39 0 .60 0. 11 173.66 
196 1 5. 11 IU7 . 15 (db 12.27 1.35 0.49 0 . 14 1J3 .27 
1%2 3.04 29.25 77.72 988 8.94 125 0.62 130.70 
1963 1. 34 HUS 14 .4R 2.1. 54 5.94 1.64 0 .30 5782 
196-1* 1.92 5.86 4 12 5 . 17 4.59 0 .99 0. 17 22.82 

1965 0 .82 4 . 1.1 2.35 1.49 I II 11 .57 0 .06 10 .54 
1966 0 . 11 13, I 15 0 . 16 0 . 11 0 . 11 U.04 3.110 
1967 o.n 1. 85 0 .66 0 .04 3.33 
1968 1.65 5 .b3 2.lb 0.27 0 .02 9 .73 
1969*' 0.49 4 .04 2.95 0. 13 8.20 

1970 15.00 1.04 16 .04 
197 1 4 .97 .12 .3 1 11. 62 1.44 50 .34 
I 'in 2.76 29 .n 5 17 0.86 38.57 
197J 108 26 11. 62 0 .77 11 . .14 120.99 
1<)74 88 .29 42 .07 245 1..\5 134 15 

1<)75 N66 33. 12 4 .64 0 .20 0 . 10 11 7 .72 
1976 0 .0l) 127.16 26.38 6 .20 lUX 160 . 11 
1977 6 .09 13.42 III 58 137 0.07 5 1. 53 
IQ7 S 32.80 87 .8 1 ~ 2 . 74 2. 92 146 .26 
1979 1..18 98 .05 56.29 10.77 1.47 009 174.06 

1981) 7.23 94 . 10 51 .52 11 .50 0.92 166.27 
In l 29 .90 62 . 14 44.44 15.00 1.27 152 .76 
1982 28 .94 84 .42 12'1 I -189 0.46 0 .32 131.55 
198.1 123 .28 46 .94 17 .83 1 . 19 0 .23 190.46 
1<)84 8 .74 83. 17 18.76 '1.48 0 .1 4 116.2l) 

* 1955-114 data fro lll Nicholson ( 1975) . 

** 1965-69 da ta fru ill database used by Ahrenhol L ot al. ( 1987) 

number or fi sh caught in the Chesapeake Bay area. Relatively large 
numbers of age-O fish were take n in the Chesapeake Bay area 
during 19S I. 1983. and 1984. and al so large numbers of age-3 fi~h 
were caught 1978-84 compared with 1'173-77 . 

The numher of vesse ls fish ing from plants in Chesapeake Bay 
remained fai rl y stable during 1972-84. ranging from 19 to 26 
(Table 5). During the same period nominal effort declined from the 
record hi gh leve l ~ of the mid -1960s (838 vessel weeks in 1965) and 
stabili zed near the 600 vesse l-week leve l (Tab le 6). 

Combined CPUE values for the Middle At lantic and Chesapeake 
Bay a reas~ decl ined through the mid -1970s to 2 1 I ml/vesse l weck 
in 1975 (Table 7). From 1976 through 198 1 CPUE val ues rc­
mained above the 300 mt/vessel week level. In 1983 ccmbincd 
CPUE for the North Atl anti c and Chesapeake Bay areas peaked at 
454 mt/vesscl wee k. 

South Atlantic 

Landings in the South At lanti c area remained fairly stab le during 
the 1960s. despite the large fiuclUati ons in other fishing areas . 
Landings graduall y increased through the late 1970s (Tab l ~ 3). By 
198 I South Atlantic landings totaled 79 . 100 ml. a record for thi s 
area for the period 1955-84. The plant at Southport . NC. annuall y 
accounted for a majority of the landings in the South Atlantic area . 
and closure of thi s plant after the 1983 fi shing season is retlected 
in the 1984 landings fo r the area of on ly 19 .000 m!. 

Hi storicall y. catches from the South Atl antic area ha ve consi , ted 
primaril y of age-I and -2 menhaden . For the period 1972-84 these 
age classes annually comprised betwee n 629'r and almost 100c/r of 
the total catch from the area (Table II ). In 198 1. 1993. and 1984. 
significant numbers of age-O fis h were caught . In 198 1 over 42 
million age-O fi sh were captured. primari l~y duri ng October in 
North Carolina estuarine waters. During 1')83 and 19R4 most of the 
age-O fi sh harvested in the South At lantic area were caught by 
vesse ls from Virginia off the North Carolina coast but were pro­
ccssed in Reedville. Similarly . in I <J82-R4 some older fish (ages 4 



Table 9 
Estimated numbers I 106) of Atlantic men haden by age caught by purse seine vessels in the Middle 

Atlantic area , 1955-84. 

Age Iyr) 

Year 0 4 6 7 8- 10 Tota l 

1955 16.3 1 510.22 2 11.26 159.33 12.96 2.20 0 .9 1 0 . 16 9 13.35 

1956 190.59 7~6 . 1 5 2 11.23 19 .53 22.93 8.3 1 3.19 1.27 1.243 .20 

1'157 410 .30 84646 42.46 2044 9.55 8.73 0.48 0.56 1.338 .98 

1958 22.6 1 795 .94 18.33 I .R I 1.1 9 0 .69 040 0.34 841.31 

1959 875 .53 448 . 11 16808 4 .38 2.06 2.00 1.69 0 .33 1.502. 18 

1960 12 .27 1. 140 .56 16 .23 26.50 6 .35 1.53 0.44 0. 12 1.204 .00 

1% 1 .1.47 164 . 16 74 1. 82 6.04 6 .95 0.89 0 . .12 0 . 10 923.75 

1962 11.77 193 .37 145.80 288 .26 16.45 13.84 1.23 0.08 67U.80 

1963 157 .90 232. 02 39.94 2 1. 56 19.4 1 2.95 1. 24 0 . 15 475 .77 

1964 ' .1 .74 37 .9 1 32 .64 10. 15 2.04 1. 86 0.23 0. 15 88.72 

1'165 22 .88 52 .2.1 49.28 7.89 0. 32 0.03 0. 18 132 .79 

1%0 3 .. ,0 10 .35 3.45 1.1 0 003 18.24 

1967 9.09 11 .24 16.37 1.65 0 .25 0 .0 1 38.63 

1908 0 .61 31.44 20 .07 5.55 0.30 0 .04 58 .00 

1%9" 0.03 6 . 13 11 .02 0 .97 0.02 0.0 1 1 8 . 1 ~ 

1970 12.28 50 .09 3.27 0.6 1 66 .25 

1971 12.07 22 .60 916 1. 54 0. 16 45 .53 

1972 29 .38 46 .88 48.65 96 1 0 .52 135 .03 

197:1 5 .66 11 7 .36 24 .80 5.96 153.78 
1974 10.80 23 1.64 246 244 .90 

1975 97.30 5.70 1.01 104.0 1 

1976 51 .22 330.92 13 .25 1.07 39646 

1977 4 .90 120 . 18 39.18 7 .00 0 .03 0.04 171.33 

1'178 26 .36 24.64 1.10 52 . 10 

1979 0 .29 48 . 11 27.49 2 .52 n42 

1980 0 .50 47 .25 11. 95 3. 15 0 .32 005 63 .23 

In l 0 .30 48 .'10 16 .77 1.90 0 .37 6823 

1982 840 49 .28 9 .63 67 .3 1 

1983 5 .X5 281 .97 11.92 0 .24 0 .24 300.22 

In4 6.59 86 .22 57. 12 8.20 2.56 160 .70 

* 1955-04 data from Nichobon ( 1975) . 
.. 1965-69 da ta from database uscd by Ahren holz et 31. ( 1987) . 

to 8) were also taken by Virginia vessels in the South Atlantic area 
after commencement of the North Carolina fall fishery, but they 
too were processed in Reedv ille. In both instances the fish in 
question were assig ned to catches for the South Atlantic area. That 
they werc taken in November and December demonstrates the 
recent tendency of vessels based in Virginia to fi sh as far south as 
Cape Hatteras and as late as December. 

The number of vessels engaged in the fishery in the South 
Atldntic area remained fairl y constant through the 1970s, reaching 
a high of 14 vessels in 11)75 (Table 5). After 198 1 the number of 
ac tive vessels declined to 6 in 1984. primaril y due to closure of the 
facility at Southport. Similarly. nom inal effort was fairly stable in 
the South Atlantic area during the 11)705. averaging 243 vessel 
weeks an nually between 1972 and 1979 Crable 6). By 1980 nom­
inal effort declined. and in 1984 only 96 vesse l wee ks of effort 
were expended. CPUE in the area increased gradually through the 
1970s and peaked at 331 mtlvesse l week in 11)8 1 (Table 7). a 
record for the South Atlantic. By 1984 CPUE dec lined to 198 
mt/vcssel week. 
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North Carolina fall fishery 

During the 1960s annual landings of Atlantic menhaden in the 
North Carolina fall fish ery averaged about 53,000 mt per year 
(Table 3). Between 1970 and 1976 annual landings declined below 
20 ,000 mt per year, and in 1973 onl y 2,400 mt were landed. By 
1977 landings improved, and through 1984 landings approximated 
pre- I970 levels. Landings of 68.700 mt in 1984 were the laraest 
si nce 1966. b 

Catches from the North Carolina fall fishery during the 1970s 
were characterized by a paucity of age-3 and older fish (spawners) 
and by increas ing harvests of age-O fish (Tab le 12). The year 
classes of 1977 , 1979 , and 1981 were probably the strongest since 
the late I 960s (Ahrenhol z et al. 1987), and they contributed signif­
icantly as age-3 + fish in the North Carolina fall fi shery in 1981 -
84. 

Starting in 1974 , vessels in the North Carolina fall fishery began 
harvesting large numbers of age-O fish (Table 12), and in 1979 a 
record estimated number of 1,478.0 million age-O Atlantic men­
haden were caught. This represented 91 o/c of the total estimated 
number of fi sh caught in the North Carolina fall fishery that year. 



Table 10 
Estimated numbers (106 ) of Atlantic menhaden by age caught by Jlurse seine vessels in the 

C hesapeake Ba) area, 1955-84. 

Age Iyr) 

Year 0 4 6 S-IO Total 

1955 12 . 18 334.24 382. 'J2 11.52 5. 17 OA, 746. -\6 
1956 674 .37 06 .90 OA9 741.76 
1957 1.92 1.057 .35 176.58 ,).22 0 .22 0 .08 1.231) .37 
1'I5S 0.48 490 .88 561.76 5 .25 0 .90 0 .,9 1.059.00 
1'159 10 .7 1 2. 124 .56 28 1.10 1957 2 .435. '14 

1%0 142.5S 666.94 2.114 812 16 
1961 327.80 2 14 .20 2U4 .3-\ 032 1) . 16 746.82 
1962 42 .-\0 204 .08 370 .64 3c .78 35 .29 0 .27 685 .-\6 
1963 51.54 , 18.64 192 .83 45.43 0.75 6(1) . 19 
1964 ;' ~27 ::!8 170.58 31 4.05 2UO 0 .04 74U.45 

1965 6818 485 .23 104 .50 13 .52 0 .32 0.08 Ii 71 82 
1%6 214 . 14 220 .72 2 10.35 10.65 tl .65 0 . 17 b5h .h'l 
1907 6 .62 21 1.8 1 143.74 18.-\2 U.27 38086 
1'J68 4 1 -14 148.41 23231 25. 8 1 0 .38 0 .09 448.47 
191\W* 46.39 65.40 125.32 I5-,X7 0 .97 253. 95 

1970 2.74 500. 14 226 .02 21.51 I .U7 0 .07 751.56 
197 1 40 .03 90 16 290 .5X 45 .53 4 .27 0 .87 47 1.44 
1472 0 . 17 5'18 .71 274 .29 92 .b7 4 .34 OA8 970.65 
1973 18.77 426 .02 7 14 .71 2 . 12 0 .28 1.161.90 
1974 16.67 426 .06 406 . 11 :2 Q) X51.7Q 

1'175 44.U I 321 .6Q 549.49 5 .66 0.20 92 1.05 
1976 14.43 881.59 678 .01\ 2AO 0 .52 1.577.00 
1977 4.30 5 18.85 1,422.3 1 4 .50 1J .09 1.950. 11 
1978 U. 12 337.24 1.08006 36.7 1 1.454 12 
1979 5 . 15 45 3.2tl 92 1.S0 22 .38 1.402 52 

1'180 7.79 838.39 1.092.17 74 .20 3.33 2.0 15 .88 
1%1 70 .95 261.76 1.027.91 30.95 I 01 1.3Y2 .58 
1982 8 .08 518.87 I.3IS. 73 166.6 1 2.012 .28 
1983 167 .24 140.35 1.5 II 17 IlH5 OA3 1.830 04 

19M 186.94 450.87 693 . 16 88.07 1.419.04 

• 1955-64 data from Nicho lson (1475l. *. 1965-69 data from database u>ed by Ahre nhol7. ct al. ( 1987) . 

Over 1,000 million age-O fish were taken aga in in 1981 and num­
bers harvested in 1984 approximated this level. 

During the late 1960s poor prospects of fi sh abundance in the 
North Carolina fall fishery contributed te a decline in the number 
ef active vessels in the fishery (Nicholson 1975). The number of 
vessels dropped sharply to only 5 in 1972 and 4 in 1973 (Table 5). 
As catches improved during the late 1970s . the number of vessels 
increased to as many as 19 in 1980 and 1981, but then fell to 12 
by 1984. No minal effort increased from 1972 to 1984 , approaching 
the 150-vessel-week level twice (1979 and 19~3) (Table 6), and 

generally fluctuated about the 100-vessel-week level during the 
remainder of the period . CPUE increased throughout the late 1970s 
and early 1980s and exceeded leve ls observed during the early 
I 960s (Table 7); in 1984 a record high for the North Carolina fall 
fishery of 545 mtlves,el week was recorded. 
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Length and Weight Statistics _________ _ 

Simple mean lengths and weights for Atlantic menhade n sampled 
from 1972 to 1984 are presented by area caught , quarter , and age 
(Appendix Tables 2-13). Nicholson ( 1975) reported that the mean 
length of age 0-4 fish sampled at various ports increased through 
the mid- to late 1960s . He concluded that these changes were 
significant and indicated increased growth rates over the period. 

During the 1970s and early 1980s a reversal of this trend was 
observed. In all areas for 1972-84 , the mean length of age 1-4 fish 

tended to decline. This trend is most apparent when coastwide 
annual mean lengths and weights at age are summarized (Appendix 
Tables 7 and 13); the mean length of age 1-4 Atlantic menhaden 
declined about 30-60 mm over the period . Because fish weight 
varies as a power of length , the decl ine in mean weight over the 
same period is even more striking and holds important ramifica­
tions regarding stock biomass and yield from the fi shery (Vaughan 
and Smith 1986a) . The mean weights of Atlantic menhaden age 
1-4 in 1972 were 128 ,330,547, and 631 g , respectively , but in 

1984 mean weights for respective age groups were 78, 149, 28~ , 

and 405 g (Appendix Table 13). 



Table 11 
Eslima led numbers ( 106) of Allanlic menhaden by age ca ughl by purse seine vessels in Ihe Soulh 

Atla nlic area, 1955-84 . 

Age (yr) 

Yc"r 0 3 4 0 R- IO Total 

1955 tJ 5 1 29U4 I I3.U4 13.47 11 .38 437 24 

11150 1.1 47 .88 IU.41 n .89 1. 159 . ~~ 

!<)57 1\ .27 117.<)1 231.5b 0.42 3ti3 . 16 

1958 1 . ~ 7 1, 15.20 135 .39 S.25 0 .26 460 .57 

1959 1.203 .39 48 .46 0 .X4 i .073. 19 

1960 13 .86 I I 1. 84 273.73 399.43 
I ll!) I 490 .44 74 .'16 54 .. \ 0 0 .30 620 .06 
1%1 1 .2 I 197 .55 250.30 1. 8 1 55 I .87 

1'iG3 178.22 220.55 U.33 399. 10 

1964* 166 5 10 .22 184 .55 696 .43 

1'!65 1, .77 200 .64 1'14. 08 U.33 005 398 .R6 
1'166 254 .80 67 .29 0 .50 322.59 
1~67 0 .33 329 15 63.8 1 0 .113 393.3 1 

1468 0 .37 212 .14 204 .96 052 4 18. 19 

IlJnY"'* D.05 258 . 12 113 .58 0 .32 37206 

1470 336 .96 164.48 50 1.44 

197 1 1.2S 145.83 195 .62 0 .03 342.75 

1972 33444 160 .86 O. I 7 495. 47 

147.1 148. 18 2 I 2.50 0 .07 360 .69 
1474 15 I 28 24 3. b5 0 .82 395 .74 

1975 3 11.62 335. 17 4. 15 0. 79 651. 72 
1976 7.85 598 .79 185.82 792.47 

1977 337.97 484 .29 1.8<) 824 . 14 

1978 162 .61 489 .2 1 % .82 U.42 74<).06 
197Q 9 .25 87 . 19 477.36 13.09 58640 

Ino 036 376 .8 1 27907 26.04 0 .29 682 .57 

1981 4203 190 .'\ 7 547.8'1 9':1 .07 U. 12 879 .6Q 

1982 4.33 258.85 286 .95 104. 18 0.76 0 .07 655. 15 

1983 96 .74 165 .09 274.43 19 .87 11 .43 1.74 0.46 569 .76 

1984 11,7. 09 156 .02 83 .83 10 .05 387 .59 

* 1955-64 data from Nicho lson ( 1975). 
** 1965 -69 data from database used by Ahrenhol z et al. ( 1987) . 

An explana ti on fo r thi s phenomenon may be threefold (ASMFC 
199 I: Ahrenholz et al. 1987) , but it is un known whether these 
interpretations are inde pendent of. or confound, one another. First, 
Atl anti c menhaden are protracted spawners and prevai ling environ­
me nta l fac tors may favo r success of the later (late winter or spring) 
spawn, rather than the earlier (fa ll or winter) spawn . Thus, the 
la ter-spawned young-of- the-year would have a shorte r first grow­
ing season and pres umably wou ld enter the fishery as age- I and -2 
fish at a small er size than would fa ll or early winter spawned fish. 
Second. since 1970 the center of fi shi ng ac tiv ity has shi fted south­
ward from the North Atl ant ic and the Middle Atl antic areas to the 
Che,apeake Bay and the South Atl antic areas. Since Atlantic men­
haden strati fy along the East Coast of the U.S. by size and age 
during summer, with larger individuals of a given age class occur­
ring in more northern latitudes (N icholson 197 1 b), the fishery has 
concentrated fishing in locations of small er individuals of a given 
age class. Third , Atl anti c men haden exh ibit density-dependent 
growth. ·The relati ve ly strong year classes of 1975, 1979, 198 1, 
and 1983 produced smaller-than-average-s ized fi sh at a given age . 
Fi gures 2 and 3 show thi s size diffe renti al of sampled fi sh at age 
fo r the 1967 and 1983 fishing seasons. These length frequency 

II 

distributions portray not only size diffe rence, at age between years , 
but also geographical size di fferences at age within years. 

Summary _________________ _ 

The purse se ine fishery for Atlantic menhaden declined through 
the 1960s when fish became scarce in the northern half of their 
range due to poor recruitment and truncation of the stock's age 
structure . During the mid- to late 1970s recruitment improved and 
the age structure broadened. As fi sh aga in became ava il able in 
New England waters, up to fo ur reducti on pl ants processed At­
lantic menhaden in the North Atl antic fi shing area during the 
mid- 1970s. However, by the late 1970s and early 1980s local 
factory-odor abatement problems fo rced several of these plants to 
close . [n the Middle Atl antic area onl y one plant processed fish 
th rough the 1970s , but it closed after 198 1. [n the Chesapeake Bay 
area the number of acti ve plants and the size of the fl eet remained 
fairl y stable through the early 1980s. Beginning in 1983 the 
Chesapeake Bay flee t increased its efforts in the Middle Atlantic 
and North Atlantic areas and abo along the North Carolina coast 



Table 12 
Estimated numbers (106) of Atlantic menhaden by age caught by purse seine vessels during the 

North Carolina fall fis hery . 1955-84. 

Age Iyr) 

Yc-Jr 0 <I 6 8- 10 Towl 

1955 742 .. ,2 .,0 .76 5 1. J8 7.32 16. 7 1 2.74 0.39 0 . 10 85 1.42 

1'156 36.17 60.42 26 . ~7 17,48 9 .36 46.50 7,48 1.03 225.6 1 

1957 2H4.W 12.4 1 2:UO 15.60 2072 14.74 11 .07 0 .95 0.08 38.' .26 
1958 104 . 11 29.34 98 .')8 19 .63 7.20 8 .60 4 .04 2,48 273,48 

11):\9 0 .69 6 .87 35. 'J9 10 3 .81 18.44 5.75 6 .09 0.78 0 .54 178.96 

1960 581 1 14.32 18.76 22.63 35 . 17 10.90 4.03 1.32 0 .42 185 .86 

1961 0.25 10 .7 1 45 . 17 101.90 5.76 10.00 0 .62 174.41 

1%2 6.97 0 .7 1 17. 17 7 .61 22 . 10 4 . 15 1.82 0 .50 6 1.03 

1%3 45 .35 69.47 6 1. 86 26.25 R. 18 9.43 1.53 0,45 0. 11 222 .63 

1964* 73 65 19.4 1 66.55 17 . 10 3.03 0 .64 0 . 17 0 .09 180.64 

1965 177. 16 36.46 69.77 10. 50 1. 57 295,46 

1966 135 .31 72.00 116 .03 15 .7(i 0 .98 340.1)9 

1%7 83. 16 4609 3609 2.5 1 0.20 168.05 

1968 11 2.45 16.00 68 .58 13 .66 2 .59 0 .32 21.1:)9 

1969** 111.69 48 .78 18 . RO 15 .96 0 .55 215 .79 

Ina 18.68 2 1.47 18 .34 6 .8 1 2 .34 0.04 67 .67 

197 1 1 1.55 15 .22 10.55 1.26 0,4 1 0 .04 59 .0 3 

1972 50 .00 18 .75 3.68 UO 74.22 

1973 37.2 1 8 .68 0 .10 0.02 4601 

1974 298.88 48.55 16.28 0.29 0 .05 364 .03 

1975 254. 63 8666 24 .91 1.60 36HO 

1976 25 1. 94 80.27 19. 13 5.94 0 . 16 357.44 

1977 480.33 142.81 48.90 44 1 0.13 676 .59 

1978 457.30 164.24 42.49 12 . 14 0.93 0 .55 683 .66 

1979 1.47H .07 8 1.07 57 .96 8.67 2.47 1.6 28 .23 

19RO 80 14 262.16 32. 51 I (i ,42 '1 .94 2.54 0.47 404.17 

198 1 1.074 .60 246.04 156.87 13.26 1.41)0.76 

11)82 101.70 133 .32 55 .65 14.82 305 0 .89 30944 

198 ., 700.44 205. 93 IU2.2 1 24. 78 17 .43 0.84 1.05 1.63 

1984 969 .59 4 10 .69 20 . 13 33. 10 23 .17 7. 17 0 .. ,7 1.464.4 1 

* 1955-b4 dala from Nicholson ( 1975) . 

** 1%5-69 dal a from dal abase used by Ahrenhol7 e r 31. ( 1987). 

during late fall and early winte r. In the South Atlantic area. the 
number of active plants remained relatively unchanged through the 
early 19805 . a lthough a major facilit y closed afte r 1983 : conse­
quently . flee t size and landings a lso declined. Participation in the 

North Caro lina fall fishery increased through the 1970s and earl y 
1980s as the prospects for greater catches improved . 

As the Atlantic menhaden stock has rebuilt . landings increased 

trom 161.600 mt in 1969 to 418 .600 mt in 1983; coastwide esti-
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mates of numbers of fish landed increased from 969. 1 million in 
1971 to almost 4.000 million in 1981. Through the 19705 and early 
1980s greater numbers of age-O menhaden were harvested durin g 

the North Carolina fall fishe ry. In turn . age-O fi sh made increas­
ing ly greater contributions to annua l eoastwide estimates of num­
bers of Atlantic menhaden landed. Also as the stock has rebuilt. the 

mean length of sampled fish ages 1-4 dec lined 30-60 mm. while 

the mean weight of the same age c lasses dec lined 50-250 g. 
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Figure 2 
Length frequency distributions of Atlantic menhaden sa mpled from the purse seine fishery during 1967. 
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Year 

1912 

1973 

1974 

1975 244 

1'176 210 

1977 

1978 2 1 I 

1979 207 

1980 nx 

198 1 202 

1982 202 

1983 

1984 

Year 

1972 

197.1 

1974 

1975 

1976 176 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

Appendix Table 1 
Quarterly time increments used in 
subsequent appendices for Atlantic 
menhaden. 

Ending dale of 

Quarler first week laSI week 

> 2/29 < 6/01 

> 5/30 < 8/30 

> 8/29 < 11 /29 

4 > 11 /28 < 2129-

- February of nex i ca lendar year. bUI 
same fi shing season . 

Appendix Table 2 
Mean fork length (m Ol) of Atlantic menhaden sampled from the North Atlantic area by quarter and age, 1972-84. 

Quarter I (}uartl.: r 2 Quarter 3 
Age (y r) Age Iyr) Age (yr) 

4 4 6 4 

297 3 19 320 325 

252 30J 338 275 3 11 326 
253 294 335 324 263 300 3 14 
246 282 301 326 333 262 28 2 3 13 

198 240 278 297 3 10 252 288 301 
246 265 277 287 290 267 280 294 

211 240 2 17 240 286 295 238 258 292 
267 191 230 262 276 295 241 264 282 
240 24U 239 260 274 284 294 267 284 290 

219 ?T!. 283 220 257 284 294 299 255 274 2'12 

230 27 1 3 14 217 238 270 297 302 3 17 233 243 283 

~ 19 246 265 293 300 24 1 262 27'. 

236 251 27 1 282 291 252 268 283 

Appendix Table 3 
Mean fork length (mm) of Atlantic menhaden sampled from the Middle Atlantic area by quarter and age, 1972-84. 

Quarte r I Qu arter 2 Quarter 3 

Age Iy r) Age lyrJ Age lyrJ 

4 4 6 

299 3 11 307 223 249 3 14 32 1 337 223 277 312 

238 304 .141 23 3 254 295 

2 11 2 11 231 288 2 15 244 287 

224 22Y 281 307 249 27'1 

197 285 185 222 281 298 189 23 1 291 

237 259 28 1 185 224 250 273 267 322 172 234 263 

2 16 22 1 246 2:!6 241 275 236 254 

202 231 25 1 265 214 243 263 
218 244 273 296 281 202 234 258 

188 2 10 229 nl 226 260 270 199 235 246 

18 1 no 233 179 228 238 

IXI 17.1 207 225 185 234 254 

In 208 230 289 301 170 219 25 .1 

16 

5 6 

332 

338 

298 330 

302 

3 16 3 13 
294 3U4 

303 3 17 

285 

288 

4 

323 
,131 

296 

320 

285 

273 

28 I 

277 

27'. ,lOY 

278 2XX 

2X3 



Appendix Table 4 
Mean fork length Imm ) of Atlantic menhaden sampled from the Chesapeake Bay area by quarter and age, 1972-84. 

1972 

197.1 
1Y74 
1975 

1976 
1977 

197X 
1979 

1980 

1981 
1982 

198:1 

I'IX4 

Q u"rter I 

Age Iyrl 

15.1 209 

160 205 
142 I X2 
167 194 

195 

177 

160 ISO 

161 IXI 

158 1M 

2XX 
277 

209 
229 
212 

198 
19.1 

19X 

207 

4 o 

124 

.102 

128 

113 

Quarter 2 

Age Iy rl 

4 

197 267 .105 316 344 

178 222 279 323 

176 22 1 28 1 
154 204 257 294 

164 199 2n 284 
158 18.1 24 1 

162 192 225 
174 198 223 

170 196 2 12 120 

176 I X9 206 249 

16X 193 204 

174 194 206 200 

17 1 197 215 

o 

Quarte r 3 
Age Iy r) 

207 284 312 

131 212 233 291 
136 197 233 293 

126 176 211 278 
128 163 210 

127 163 193 23 1 
129 173 203 232 
133 )70 205 237 

124 165 204 225 

129 176 202 226 

140 181 206 229 

126 186 209 2 11 
115 164 203 233 

Appendix Table 5 

4 

3 15 

229 
237 

o 

123 
124 

128 
11 6 

112 

118 

Q uarte r 4 

Agelyr) 

20 1 254 
217 250 

183 
168 207 

162 204 
19U 210 275 

156 

Mean fork length Imm) of Atlantic menhaden sampled from the South Atlantic area by quarter and age, 1972-84. 

Year 

Q U"rle r I 
Age Iyr) 

1<J72 169 19X 

1973 151 185 
1974 I.1X 2 14 284 

1975 15'1 197 24 1 

1976 159 I X3 
1977 11 5 I X2 

4 

197X 126 170 200 280 
1979 1.15 174 219 

1980 122 176 
198 I 154 171 202 

1982 135 17 1 19 1 
198.1 125 160 19X 197 

1%4 1.10 169 

Q uarte r 2 
Age Iyrl 

4 

160 20 1 2X6 

165 19.1 223 
177 218 262 

161 19 1 n 6 3 11 

l 53 201 
135 190 264 
137 184 20.1 2 14 

153 185 205 

135 183 200 
14 1 187 204 209 

143 179 193 210 

14 1 In 200 222 
155 185 205 

5 6 

275 

o 

96 

89 
115 
92 

93 
134 

103 

Quarte r 3 
Age Iyr ) 

2 

174 204 

195 210 

183 128 
175 204 

165 216 
160 190 

145 197 203 

175 202 230 

4 

147 205 224 25 1 
152 198 2 16 
148 19 1 203 

146 188 206 205 287 
165 194 209 

17 

o 

123 

115 142 

Q uarte r 4 

Age Iyr) 

4 

268 275 284 278 

6 

4 

300 

329 



Appendix Table 6 
:Vlean fork length 101m) of Atlantic m enhaden sampled during the North 

Carolina fall fishery by qu a rt er and age . 1972-114. 

Year 0 

1972 
1,/73 

1<174 

1'175 134 

1976 113 

1977 88 

1'/78 108 

1979 85 

1980 11 6 

198 1 11 7 

1982 

19S} 140 

1984 113 

Quaner } 

Age Iyr) 

182 264 3 1.1 

176 

1611 ~ 18 26 1 

17.1 2 16 

167 220 

140 

197 1 17 2.15 

15'/ 214 22 3 240 

171 115 no 
151 1 13 215 
103 211 229 

151 213 246 

Quaner 4 
Age Iyr) 

o 

118 168 262 

J:\J 2 10 2<14 

110 158 26.1 

118 151 229 

105 159 25} 

110 102 224 

111 17 1 221 

11 6 IS3 ~26 

11 4 147 ~ 1 2 

103 15<) 104 

112 161 222 

119 15 1 C IX 

110 144 225 

3 14 

307 

4 

28 7 2'11 

176 

19 1 3 18 

267 198 

175 297 301 

26 1 28 1 

6 

283 291 298 297 

154 176 296 
266 277 3 13 

172 179 186 299 

Appendix Table 7 
Mean fork length Imm ) of Atlantic menha den sampled coastwide by age. 

1972-84 . 

1<1 72 

1973 

1974 

1975 

1'176 

1977 

1 ~78 

In9 

1981! 

198 1 

19S2 

19X 3 

1984 

o 

11 '1 
131 

123 

122 
107 

116 
120 

III 
11 5 
11 2 
116 
124 

11 2 

194 

202 

184 

163 
160 

15 1 

155 

167 

147 

15'1 

160 
154 

161 

20 1 

210 
227 

2 15 

2 15 

199 

196 

205 

201 
191) 

194 

198 

198 

3 10 

302 

293 

278 

285 

260 

2.16 
256 
25 7 

237 

2 16 

243 

248 

Age Iyr) 

4 

3 19 

334 

328 

304 

298 

280 
2gS 

278 

179 

284 

168 

269 

277 

335 
1.12 

.127 

.116 

.1 10 

287 

298 

1'18 

290 

295 
297 

294 

286 

I> 

333 

3 14 

3 13 

290 
304 

2% 
3110 

294 

317 

Appendix Table 8 

Yea r 

1972 

1973 

1974 

IY75 

1976 

1977 

1978 

1979 

1980 

IYRI 
1982 
1983 

1984 

'267 
22K 

IXK 

16 1 

2-11 
160 
170 

Mean weight Ig) of Atlantic menhaden sampled from the North Atlantic area by quarter and age. 1972-84 . 

Quaner I 

Age (>rl 

2 11 
358 

187 
21\2 

25 3 

4 

341 

290 
402 
37.1 

4SX 

559 

203 

130 

520 

302 

301 

291 

270 
297 

194 

238 

287 
204 
182 

183 

243 

638 
559 

4bO 

426 
4 18 

.39 1 

277 

342 
375 
334 

257 
278 

300 

(.luaner 2 

\ g< Iyr) 

4 

hl0 

682 
04 1 

') 12 

5 11 

449 

465 

408 

437 
447 

396 

3S2 

382 

18 

6M 

55R 
691 

569 
517 

498 

49 1 

475 
48<> 

483 

458 
423 

6S4 

444 

562 
470 

5U3 
SU6 
475 

7 

549 

353 

.107 

329 

3 16 

404 

252 

265 

344 

332 
226 
234 

263 

53R 

454 

4 11 
483 

445 

33 1 

36 1 
4 19 

40 1 

2".1 
304 
3 15 

Quaner 3 

Age Iyr) 

4 

625 
5 19 

55U 
53~ 

528 
48.1 
454 
470 
458 
437 

360 

3<16 

074 

674 

517 

533 

592 
487 
506 

383 

4 18 

o 

65-1 

708 

571 
571 



Appendix Table 9 
M ean weight Ig ) of Atlantic menhaden sampled from the Middle Atlantic area by quarter and age, 1972-84 . 

(,)uartcr I Quart"r 2 Quarter 3 

Age Iyr ) Age Iyr) Age Iyr ) 

Y~ar 4 4 5 6 3 4 

1972 558 582 5~3 205 3 16 632 686 753 2 10 427 607 685 

)973 264 557 742 246 3 18 500 678 

1'174 IH6 176 236 4-'12 188 294 450 

1'175 21'1 237 423 535 302 417 480 

1976 83 147 427 13 1 223 422 53 1 129 247 498 730 

1977 29 1 366 465 12 1 222 320 407 395 694 103 248 342 437 

1978 1'l8 2 12 295 218 27 1 404 25 'l 330 406 

1979 150 229 303 365 193 287 358 397 

1980 195 299 397 5 16 440 153 253 329 409 

198 1 127 168 208 2 14 23 1 360 372 140 255 295 37'1 537 

1982 103 202 256 105 237 265 

1983 98 89 160 223 125 237 293 387 444 

1984 93 176 261 497 584 I II 22 1 328 432 

Appendix Table 10 
M ean weight (g) of Atlantic menhaden sampled from the Chesapeake Bay area by quarter and age, 1972-84. 

Quarh.::r I Qu arte r 2 Quarter 3 Q uarte r 4 

Age ly e) Age Iyr) Age (yr) Age (yr) 

Yt:ar 4 0 4 0 4 0 4 

1972 134 345 488 551 669 149 403 524 569 3 1 140 290 

1973 100 189 375 480 40 178 235 542 35 182 275 

1974 30 104 198 384 45 137 23 1 4 15 39 11 8 

1975 67 )53 308 465 35 93 160 377 25 78 146 

1976 63 164 .153 4 16 78 142 350 32 1 36 77 167 76 166 

1977 68 150 345 69 105 238 36 76 133 237 132 172 405 629 

1978 48 109 170 78 129 2 14 38 95 160 252 

1979 89 143 2 15 95 148 232 40 88 167 284 

1980 127 174 84 134 172 198 34 83 158 22 1 233 3 1 bR 
198 1 105 138 42 93 122 16 1 247 37 92 148 22 1 285 

1982 74 105 128 83 129 156 53 113 168 242 

1983 64 IIlI 1.10 9 1 126 155 149 35 11 6 161 172 26 

1984 65 106 158 23 94 145 19 3 27 90 162 254 

19 



Appendix Table II 
Mean weigh I (g) of Allanlic menhaden sampled from Ihe South Atlanlic area by quarler a nd age, 1972-84. 

Y~ar 

Quan er I 

Age (yr) 

1972 77 125 

1973 6 1 11 4 

1974 36 166 326 
1975 65 123 205 

11)76 65 99 
1977 24 100 

4 

1918 32 X7 14~ 359 
197\1 44 96 180 
1980 30 90 

1981 62 84 I }<) 

1 l)~2 44 9 1 122 
198} }4 74 135 I 17 

1%4 }9 X5 

Q uaner 2 

Age (yr ) 

4 

70 1.\4 328 

82 127 222 

% 170 282 
73 113 202 458 

56 139 
4 1119378 
43 107 147 167 

65 I II 15 1 
40 11 2 145 

46 I I 7 150 141 
55 105 136 168 
49 93 145 195 

hX 11 2 150 

Appendix Table 12 

6 

293 

u 

14 

I I 

25 
12 

13 
42 

Ib 

Quana 3 

A~e (yr) 

94 158 
1'<) 18, 

11 7 2 11 
97 is) 

71 169 
7') 127 

5 1 142 102 
<)5 149 2 16 

4 

5} IIiS 224 301 

51> 144 203 

60 134 lo-t 

5 

51> 12.1 174 177 430 
~U 14 1 183 

o 

30 
22 46 

Q uaner 4 

Age (y r) 

4 

337 382 4c7 465 

Appendix Table 13 

6 

700 

Mean weight (g) of Allanlic menhaden sampled during Ihe Norlh Carolina 

fa ll fisher y by quarter a nd age, 1972-84. 
Mean weighl (g) of Allanlic menhaden sampled coas lwide by age. 1972-84 . 

Quane r .\ 

Age (yr) 

Year 0 4 

1972 115 349 537 

1973 
1974 92 
1975 19 70 179 3()5 

1976 25 87 170 
1977 10 85 202 

1978 21 52 
1979 9 151 193 239 
1980 27 74 192 2 14 267 
198 1 22 84 185 203 
1982 68 194 222 
1%3 48 75 213 237 

1984 24 70 192 287 

Quaner 4 

Age (yr) 

o 4 6 

27 78 342 545 
4 1 168 457 581 
28 62 324 437 476 

28 59 224 376 

18 66 3 10 485 698 
25 72 205 372 5 I I 

29 85 193 385 505 550 
23 98 207 330 4 15 
24 55 190 427 467 494 488 
17 66 147 
2.\ 74 2 17 344 420 498 
28 57 197 359 402 6U2 
21 ',I 216 387 424 461 5 14 

20 

Year 

1972 
1973 

1974 

1975 
11)76 

1977 
11)78 

1979 

1980 
1l)8 I 
1<)82 

1983 

1984 

o 

28 

40 
3 1 

30 
20 
25 
28 
2 1 

25 
23 
28 
33 
24 

128 

156 
11 6 

77 
69 
02 
(,8 

84 

57 
69 
71) 

66 
78 

330 

196 

2 12 
187 
194 
149 

142 
167 

152 
140 

138 
14 1 
149 

547 

535 
453 
405 

445 
365 

260 

326 
35 1 
265 

200 
272 

288 

Age (yr) 

4 

63 1 

688 
607 

5 15 
'i 18 

459 

467 
420 

44 1 
443 

388 
369 
405 

688 

674 

587 
691 

569 

513 

513 

504 
484 

490 
487 
47:1 

450 

6 

654 

5Y7 

708 

542 

498 
46 1 
506 
488 

549 
700 



Appendix Table ]4 
Coast wide estimated numbers of Atlantic menhaden (lOJ) caught by purse seine vessels by age, quarter, and year, 

1965-84 (quarters were summed before rounding to thousands ). 

Age (yr) 

Quaner 0 4 6 X- IO 

1965 
I 24 .5'14 36.482 4.n l 1.527 59 I < I 

2 2.044 472 .773 249.55 1 4'1.657 6.896 1.238 897 470 26 
85 .00'1 223.273 88.296 17.099 3.167 5 14 3 18 276 3'1 

4 162.066 24.566 47.068 6.018 579 

TOlal> 249. 11 9 745 .206 42 1.397 77 .755 12. 168 1.8 11 1.2 15 746 65 

1966 
21.387 9 .688 352 123 

13.171 324 .656 173. 120 9.844 1.999 287 54 53 17 
203.273 177.016 176.85 1 15.817 1.768 73 55 55 18 

4 133.008 27.760 44.477 5.686 

TOlal s 349.453 550.820 404.136 31.699 3.890 360 108 108 36 

1967 
106.046 9.867 
305.108 15 1.252 20.997 1.953 252 12 

6.949 154.262 77.825 29.403 1.020 36 
4 67.788 26 .722 22.375 2.11 7 201 

TOlal> 6.949 633.20.1 265.667 72.775 5.090 489 12 

1968 
67.978 73.278 445 

2 16 209.463 290,789 32.42 1 5.096 263 45 
4 1.591 90.757 144.930 24.796 4.318 538 14 

4 11 2.45 1 9.166 29.954 8.024 1.261 182 

Tota ls 154.258 377 .364 538.95 1 65.686 10.675 983 58 

1969 
41.580 15.601 

2.265 2 18.702 165.668 18.064 3.609 150 9 
56.334 82.440 72,8 14 16,993 1,279 

4 9\1.528 29.607 30,225 12.753 554 

Totals 158. 127 372.328 284.309 47,810 5.442 150 9 

1970 
70.2 18 50.798 909 

562 ,968 286, 132 18.646 614 
6.823 228.440 120,291 9.458 1,991 73 

4 14.595 9.225 10.704 3,62 1 1.4 14 39 

Total s 2 1.418 870.85 1 473,924 32 ,634 4.019 11 2 

1971 
I 7.003 36,787 265 12 
2 137.4 10 324 .056 56,594 10,050 947 

3 41.78 1 11 3.963 153.849 30.050 7.370 1.524 
4 3 1.073 4.9 12 9,623 1,377 412 4 1 

Totals 72.854 263.288 524.3 15 88.286 17 ,844 2,5 12 

1972 
30.736 2 1,186 662 83 

444.020 336.688 128. 158 13,497 1,675 
454,230 127.993 43.010 5.54 1 186 

4 50. 162 52,283 2,602 1,235 

Total> 50.162 981.269 488.469 173.065 19. 12 1 1.86 1 
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Appendix Table 14 (Cont 'd) 
Coastwide estimated numbers or Atla ntic menhaden (103) caught by purse seine vessels by age, quarter , and year, 

1965·84 (qua rters were summed berore rounding to thousands). 

Age Iyr) 

Quaner 0 2 4 8· 10 

1973 
20.392 34.267 

129. 11 0 '132.303 3U.15<l 5.466 
11 .783 370.298 182.392 ~.453 1.538 343 

4 44. 196 68.67 1 3.974 17 

Totals 55.979 588.47 1 1.152.936 38.630 7.004 343 

1974 
54.309 4~. 1 4'J 369 

5.263 265 .78 1 8 15.3QO ~0.695 lli l l 1. 196 
14.874 235.642 105.800 7.234 838 149 

4 295.4 15 30.946 15.720 288 46 

Totals 3 15.552 636.678 985.909 48.5X6 2.4~5 U45 

1975 
28.999 102.153 1.7 12 

346.07 1 76 1.U03 35.8 17 5.508 200 10 1 
69.478 243.243 197.866 11.51J4 1. 120 

4 229. 162 10 1.650 25 .505 1.122 

Total s 298.640 719,963 1,086,527 50,245 6.628 200 10 1 

1976 
108,892 1')4, IOU 55 
848,021 92 1,9 16 24,668 7,U50 277 

33.48 1 594.779 297,570 17,300 74 1 
4 240,750 60,268 17.499 5,937 158 

Tota ls 274,23 1 1,61 1,960 1,34 1.085 47,966 7,,)49 277 

1977 
123,384 23 1.520 15.203 4,963 
343.760 1.1 88,7 14 49 ,055 9, 146 1,230 101 

4,34 1 394, 103 620.469 14,608 3.473 16" 12 
4 48U,282 143,29 1 4 1,062 ~,594 220 

Totals 484,623 1,004,538 2,018,765 83,460 17,802 1,405 113 

1978 
30,0 19 124,086 n,954 376 

250,559 1,209, 137 180A II 18, 159 2,28 1 
13 1,037 270,30 1 295,198 42,6 11 5,72 1 64 1 

4 326,376 11 3,209 42.490 12, 145 6,930 555 

Totals 457.4 13 664,088 1.670,9 11 258,121 31 , 186 3.477 

1979 
15,628 144, 138 5,X77 

1,223 14 1.879 1.075,50 1 7 1,567 12,6 19 1,325 
15,0 12 385,538 339,901 42,980 6,67 1 145 93 

4 1.476,227 80,09 1 43,745 7.5U2 2.408 

Totals 1.492.462 623, 136 1,6(13,285 In,926 21,758 1,470 93 

1980 
127.442 84 ,282 13, 128 205 

2 349,624 1,020 ,059 145.88 1 36,675 6,8 17 574 
7,967 738,873 323,598 47 ,392 22.43 1 4,998 398 

4 80,323 262, 11 9 30,295 16,3 11 9,9 17 2,54 1 466 

Tota ls 88 ,290 1.478,058 1.458 ,234 222,712 69,228 14,356 1.438 
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Appendix Table 14 (Cont'd) 
Coastwide estima ted numbers of Atlantic menhaden (103) caught by purse seine vessels by age, quarter , and year , 

1965-84 (quarters were summed before rounding to thousands). 

Age (yr) 

Quarter 0 2 4 6 7 8- 10 

1981 
R. 180 141.578 42.447 1.822 596 

558 208 .558 1.192.587 139.655 40.144 13.444 1.047 

19.1.442 308.693 426.2 11 40.099 5,505 1.333 227 
4 993.574 173.234 51.086 

TOlals 1.187.574 698.665 1.81 1.462 222.20 1 47.47 1 15.373 1.274 

1982 
25.961 204. 15 1 76. 186 279 93 

364 .514 1. 173.062 228.657 10.255 4.800 528 32 1 

12.411 398.258 309. 170 60 .273 2.74 1 
4 101.697 130.704 53. 167 14.549 3.053 886 

TOlal s 11 4. IOR 9 19.437 1.739.550 379.665 16.328 5,779 528 32 1 

1983 
8.949 2 19.438 2.705 610 

180. 174 1.459.857 56.347 12.459 1.661 229 
222 .732 14 1.7 17 553.845 20.11 1 6.874 2.049 

4 74 1.683 186.377 59.924 35. 184 27 .426 1,298 462 

Total s 964.4 15 517.2 17 2,293-.064 114 .347 47.369 5.008 229 462 

1984 
12,656 59.083 8.249 

5.652 339.075 539.480 165,027 19,369 5,707 140 
279,864 211.382 278.884 65, 177 7.599 2.330 

4 1,008,707 461.052 14,642 33,048 23,37 1 7, 170 372 

Tota ls 1,294 .223 1.024.165 892.089 27 1.50 1 50.339 15 ,207 512 
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