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ABSTRACT

This report summarizes (1) annual purse seine landings of Atlantic menhaden.,
Rrevoortia tvrannay, for 197284, (2) estimated numbers of fish caught by fishing
area. () estimates of nominal fishing effort and catch-per-unit-effort, 4) mean
fish length and weight, and (5) major changes in the fishery. During the 1970
ok size and recruitment increased and the age compasition broadened, revers-
ing trends witnessed during the fishery®s decline in the 1960s. Landings steadily
improved and by 1980 the total coastwide landings exceeded 400,000 metric tons.
Nevertheless, the character of the fishery changed considerably. Fleven reduc-
tion plants processed fish at seven ports in 1972, but in 1984 only cight plants
operated at five ports. Beginning in the mid-1960s the center of fishing activity
shifted from the Middle Atlantic area to the Chesapeake Bay area, which has
continued (o dominate the fishery in landings and effort through the 1970s and
1980s. During this period the average size and age of fish in the catches declined.

Introduction

The purse scine fishery for Atlantic menhaden had its origins in
coastal New England waters during the 1800s. Fishing technigues
and processing methods gradually improved and by the 1930s the
fishery spread south o the Middle and South Atlantic states
(Nicholson 1971a). Early in the evolution of the fishery the prinei-
pal product was fish scrap used for fertilizer. Atter World War 11
the demand tor fish meal and fish oil increased. and the industry
underwent significant modernization. Major innovations included
spotter aircraft. nylon purse seines. hydraulic power blocks. alu-
minum purse hoats. and large catcher vessels (300 net tons) with
refrigerated fish holds (Nicholson 1971a). The industry grew
rapidly and peak landings occurred in 1956. Presently almost all
purse scine landings are processed at reduction plants into three
major products: fish meal and fish solubles used as supplements in
poultry feed, and fish oil used primarily as a refined edible oil in
Lurope and Canada. Recently . a small but increasing portion of the
landings have been frozen for crab bait.

Since 1955 the Beautort Laboratory of the National Marine
Fisheries Service (formerly the Bureau of Commercial Fisheries
until 1970 has monitored the Atlantic menhaden purse seine fish-
cry for biostatistical and catch-and-eftort data. Summary reports
dealing with this fishery are available for the years 1952-55 (June
and Reintjes 1959), 1956 (June and Reintjes 1960), 1957 (Junc
1961). 1958 (June and Nicholson 1964), 1959-62 (Nicholson and
Higham 1964a.b. 1965, 1966). and 1963-71 (Nicholson 1975).

‘The purposes of this paper are 1o update routine biostatistical and
catch-and-effort data collected by the Beaufort Laboratory from
the Atlantic menhaden purse seine fishery during 1972-84. to dis-
cuss age and size composition of the catches. to document major
changes in the fishery. and to serve as a supportive document for
stock issessment analyses (Vaughan and Smith 1986a). Included
are (1) annual purse seine landings of Atlantic menhaden for ports
from Maine o Florida: (2) estimated numbers of fish caught in
cach of the five fishing arcas: (3) estimated nominal fishing effort
and catch-per-unit-ettort by arca of vessel origin: and (4) mean fish
lengths and weights by fishing arca, season. and age.

Changes in Sampling
and Reporting Procedures

Signilicant changes have occurred in sampling and reporting pro-
cedures sinee the report of Nicholson (1975). Prior to 1972, men-
haden port samplers were instructed to weigh (in grams). measure
fork length in mm), remove scales for ageing. and sex 20 fish
randomly chosen from a sampling bucket and taken trom the top
of the hold from cach menhaden vessel sampled. Since 1972 only
10 randomly chosen fish per collection were weighed. measured.
and had scales removed (fish no longer sexed). as it has been
recognized that a 10-fish sample provides an adequate representa-
tion of a random sample from the vessel’s last purse seine set
{Chester 1984). With the increased importance of Chesapeake Bay
and North Carolina landings to the total. we increased sampling
activity at these sites by adding a second port sampler in the carly
1980s during months of peak landings (Table 1.

For the purposes of summary and analysis. the Atlantic coast
was divided into four geographic fishing areas and one temporal
fishing arca by June and Reintjes (1959), with one minor change
in the boundary between the Chesapeake Bay and South Atlantic
arcas of Nicholson (1975) (Fig. 1). The North Carolina fall fishery
constitutes the temporal fishing arca and exploits fish from about
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Cape Hatteras south to the southern border of North Carolina. This
fishery usually begins in late October or carly November, depend-
ing upon the arrival of migratory menhaden from waters farther
north, and ends the fast day of February of the next calender year
(although most fishing activity usually stops by mud-January). For
standardized data summary, the first week of the Tall fishery s
taken 1o be the week which ends between 8 and 14 November.

Vessels rarely fished in arcas other than where their home port
and processing plant were located (Table 2). Exceptions included
vessels from the plant at Port Monmouth, NJ (Middle Atlantic
arca) which frequently fished in Long Istand Sound (North Atlantic
arca), and vessels from plants in Chesapeake Bay which in 1983-
%4 tended to ish more often in arcas north ol the Chesapeake Bay
arca and also in the South Atlantic arca during November and
December. Vessels from the South Atlantic arca rarely fished in
arcas to the north.

Lstimated numbers of fish are caleulated as described in Chester
(1984). However, unlike previous sunmmary reports tor Atlantic
menhaden, we report the estimated numbers of fish by arca cangin
rather than by arca landed. The former is biogeographically more
realistic, and better serves our purpose of providing i supportive
document for population modeling and stock assessment analyses
(Vaughan and Smith 1986a). Furthermore, recent state manage-
ment options  developed for the  Atlantic menhaden fishery
(Vaughan and Smith 1980b) were devised based on arca of cap-
turc. In this light, Table 3 shows tonnage of fish by arca landed,
and from a historical perspective serves the concerns of state fish-
cries managers and menhaden industry personnel. Estimates of
number of fish by arca caught (Tables 8-12) were not derived
directly from tonnages in Table 3, but rather from the proportion
of sampled fish caught by fishing area as computed via our sam-
pling progriam.

In this report we use the term “landings™ to refer to (1) the total
weight of fish Gin metric tons) offloaded at a plant (or plants), or
(2) the coastwide estimate of total number ot Tish harvested and
oftloaded at dockside. We use the terms “cateh™ or “area caught™

Table 1
Number of 10-fish samples collected from Atlantic menhaden purse seine catches by fishing arca, port, and plant, 1972-84.
focation 1972 1973 1974 1978 1976 1977 197% 19749 1980 1981 192 1983 1984
NORTIL ATLANTIC ARFA
Rocklnd, ML ' ' ¢ 0 A N 0 3] 0 | 3 H 62
Postland . ML= ¢ | : 0 ¢ il I 0 0 il 2 [ '
Gloucester. MA 1] O X A 18 0 [{3] OO [ 100 o) vs 1M
Pomt hudith. RI 6 ! 11 14 I8 I8 15 4 * t 0 ¢ +
MIDDLE ATEANTIC AREA
Port Monmouth, NJ 47 S0 67 133 128 171 16 92 L 1S M * *
CHESAPEAKE BAY AREA
Reedville. VA [§] d ¢ ' ' ¢ ' ¢ ' ' v 4 *
(3 plants) 170 I 114 128 108 110 10X 97 ¥ 170 241 270 2066
6 228 125 124 (RN 158 137 R} 137 164 233 338 Rit]}
SOUTH ATLANTIC AREA
Beawtort, NC M 89 97 101 ®Y 74 AR} i3] 114 15X 19 08 191
(4 plants) ! 2 nl 45 AN Al 41 42 32 27 2% bl SS
HY [} N3 Oy R S6) X bRl 43 17 S0 94 7
Southport . NC 1 i K N3 (1) A (i) 42 27 [ KX 249 ¥
Fermamdima Beach, Hl 70 N 0 43 20 [ 549 D] 114 L] 52 42 45
Totals 650 036 S41 127 0617 IS} T 6y7 131 UM o7 1.149 1.169
FPLnt dud not operate

in reference to estimates of number of fish caught in a given fishing
arca. Inasense, our use of the term “catch-per-unit-effort (CPUE)™
is i misnomer, because in this report CPUE is actually “landings-
per-unit-clfort™ defined as metric tons of fish landed per vessel
week!

Historic port sampling data for size and age were re-examined
tor errors using recently developed editing programs on the com-
puter; corrections were made to the data set where appropriate.
Henee, estimated numbers of fish caught at age for 1970-84
(Tables 4 and 8-12) may differ slightly with numbers reported
by Nicholson (1975) and those in ASMEC (1981). Estimated
numbers-at-age for years prior to 1970 are from two sources:
196509, cstimated numbers by arca caught are from the data set

TA vessel week as one vessel fishing at feast one day of one week.

Table 2
Percentages of Atlantic menhaden (estimated numbers of
fish) caught by purse seine vessels in areas other than where
their home ports were located.
Year  North Atlantie Maddie Atlantic Chesapeake Bay
72 0.0 147 hN|
197} 00 213 24
1974 (.0 17.2 130
1975 0.0 S48 10.R
1976 0.0 26.7 15.2
1977 0.0 0.7 9.3
1978 (10 S8.7 LR
1979 0.4 480 0.6
1980 00 S04 0.0
[§H] 0.0 0.0 3
1982 0.0 * 32
1983 0.0 * 20.0
1984 0o ' 2014
Plant did not operate




Table 3
Atlantic menhaden purse seine landings (104 metric tons) by area lunded,
1940-84.
North Middle  Chesapeahe  South North Carolina
Year  Atlantic  Atlantic Bay Atlantic fall fishery Total
1940 6.8 911 RAIR] 379 RGXG 2077
1941 KRR 1041 o).2 452 RERY] 27749
1942 14.6 777 219 329 201 1672
1943 9.8 96.8 421 07 X8 2372
1944 275 122.6 AR 469 8.7 2879
1945 30 136.4 51 SK.5 L] 295 9
1946 2.9 183.8 57.6 HLK 373 30 4
1947 4.2 185.8 LI M2 LA 378 %
1948 4.4 137.4 0X.3 55K 40.6 [RTO
1949 52.2 149.8 02 R hUIR 9.7 618
1950 493 143.0 03| 20.0 20K 70
195} 510 168.6 Sot S4.0 LI LY |
1952 5.1 193.7 487 SO0 M) T
1953 59.7 363.2 17K 52X Y Wi
1954 649 3357 126.0 W6 41y 008 |
1955 LRIR] RIWNY) 1327 434 644 el
1956 9K.5 kYR Y40 [ 737 AR
1987 835 304.8 126.0 RII] so (AR
[EAY 36.0 2111 IS13 4.3 0.7 St
1959 66.0 2509 196 & 63 LR 059 |
1960 66.4 256.0 1085 0.7 622 S0
1961 586 2746 1287 EEN (R R AYARY]
1962 647 2499 1551 422 288 AR,
1963 382 L7 140 RE I 0F8 HoY
1964 15.0 35.2 1341 40.5 KL ) 200 2
1965 119 458 126.1 6.7 S29 2734
1966 1.8 6.0 115.6 248 17 219 6
1967 0.0 17.1 9l.1 RN | St.2 1935
1968 6.7 6.2 LSS RXNY S28 2K
1969 29 12.8 72.0 29 413 fol.6
1970 4.3 1.4 1829 424 183 259 4
1971 10.4 23.0 170.7 N3 79 2803
1972 14.5 54.6 245.5 459 S S 4
1973 299 2774 v 37.2 24 oY
1974 RAR 194.% 459 157 RUANR
1978 23 149.% 9.8 17X 22
1976 284 2433 S0.7 X1 LS
1977 15.0 2441 498 322 L
1978 3.4 MEN o).} K2 [ERN
1979 9.4 230.7 6.6 S4.0 (YA
1980 29.7 282K S3.2 15 K R BN
1981 218 2159 ™A ({39 Wl
1982 2931 a SKR 0.5 1824
1983 RIE X 3.3 08 4 RIEEN
1984 238.6 9.0 6x.7 204
*Landings from two arcas combined 1o protect conhidential data. J

used by Ahrenholz et al. (1987); 1955-64. estimated numbers-at-
age are available only by arca landed and are from Nicholson
(1975).

Appendix formats used by Nicholson (1975) which featured
length-frequency distributions for sampled fish 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 simple
mean lengths and simple mean weights by fishing arca (and coast-
wide). age (in yr). and season. Appendix Table 1 defines scasons
(= quarters) used in subsequent appendices. Coastwide estimates
of numbers of fish landed by age and quarter for 1965-84 that were
used in stock assessment analyses (Vaughan and Smith 1986a) are
given in Appendix Table 14,

Changes in the Fishery

As documented by Nicholson (1975). the purse seine fishery for
Atlantic menhaden declined through the 1960s when fish became
scaree in the northern half of their range. Stock size decreased due
to low recruitment and the age structure became truncated (Ahren-
holz et al. 1987y, Plants closed and the vessels reduced their
fishing north of Chesapeake Bay. During the mid- 1960s landings
and CPUE at plants in Chesapeake Bay declined even as effor
increased. South of Cape Hatteras, the fishery was relatively small
and there was litte change. During the 19705 recruitment levels
increased and by the latter part of the decade the age structure
begin to broaden (Ahrenhols ¢t al. 19R7). Nevertheless, the chag

acter of the fishery changed considerably during the 19705, Lleven
reduction plants operated at seven ports i 1972 but in 1984 only
cight plants processed lish at five ports.

Plants in the North Atantic area primarily process lish offal
from the New England wawl fisheries. but they process menhaden
during summer and carly fall when the fish are avalable locaity.
Mast vessels fishing for North Adantic plants are tawlers that
convert to purse seine fishing during summer. In 1972 only two
plants (Pt Judith, RI, and Gloucester., MA) were active in the
North Atlantic arca tFig. 1)y, In 1975 three facilities processed
menhaden (Gloucester, MA. Portland, MI5. and Rockland, ME),
and although purse scine vessels continued to land menhaden at Pr.
Judith, the reduction plant had closed and the fish were transported
via truck to the Tacility at Portland for processing. Landings wt Pt
Judith were handled in this manner through 1979 and aguin in
1982 Allter 1983 the plant at Portland closed. In 1984 only the
facilities at Gloucester and Rockland processed menhaden. Clo-
sure of the plants a P Judith and Portland was not relted directly
o a scarcity of menhaden, rather it was primarily due 1o local
Tactory odor abatement problems. In 1984 the plant at Gloucester
came under similar scruting and was inactive durimg 1985 and
1986.

During the 1950s und carly 1960s as many as five reduction
plants were active in the Middle Atlantic arca, but through the
1970s only one plant at Port Monmouth. NJ . was active. It ceased
operation after the 1981 fishing season. During the tate 1960s and
carly 1970s acquisitions and consolidation reduced the numiber of
operating factories in the Chesapeake Bay arca (Nicholson 1975).
By 1973 only two processing plants remained in the Chesapeake
Bay arca: both were in Reedville, VAL, and both were active
through 1985. One of these temporartly suspended operations after
the 1985 fishing  scason. During the  mid- 1960 plants in
Chesapeake Bay acquired larger and faster vessels, and the fishing
scason was extended into November as migratory schools of fish
were exploited off the Virginia capes (Nicholson 1975). This trend
continued through the 1980s with Virginia plants processing fish
into December in 8 of 13 years between 1972 and 1984, In some
years (1980s) migratory fish harvested as far south as Cape Hat-
teras, NC. were processed in Virginia. Morcover, beginning in
1983 vessels from Chesapeake Bay caught significant numbers of
tish (Table 2) in the Middle Atlantic and North Atlantic arcas, lent
vacant after the plant at Port Monmouth closed in 1981 Thus, by
the mid-1980s vessels from Chesapeake Bay exploited Atlantic
menhaden in all four geographical fishing arcas.

In the South Atlantic arca, the number of processing plants
remained relatively stable from 1972 to 1984, Twao plants in Beau-
fort. NC. operated duriag all years of the period in both the



“summer” fishery” and the North Carolina fall fishery. A third
plant in Beautort operated during the summer fishery of 1972,
1973, 1975, and 1978-80. and during cach North Carolina fall
lishery, 1972 840 this plant was inactive durnng 1985 and 1986,
One plant in Southport, NC was active daring the suminer fishery,
1972 %3, and during the North Carolina fall fishery of 1975, 1977,
1978, and 1980-83. It closed after the 1983 fishing scason. ‘The
single plant in Fernandina Beach, FL, was active during all years,
1972-1984.

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

Total andings of Atlantic menhaden declined precipitously during
the 1960s, falling from S75.900 metric tons in 1961 to 161,600 mt
in 1969 (Table 3). Landings gradually increased through the carly
1970s. yet fluctuated between 250,200 mtin 1975 and 365,900 mt

"The sunmmer iishery i the South Atlntic aea traditionaly relers to the fishery from
April through ey Novemberatter which ime migratony schools of fish from more
northerly Latitudes begin to appeat in North Carolo coastal watees

i 1972 During the late 19708 landings remained above the
340,000 mt level and continued to climb. By 1980, 401.500 mt
were landed and the landings of 418,600 mt in 1983 were the
pretest simee 1962,

During the 1960s the estimated number of fish in the coastwide
landings declined to a low of 868 18 milhon fish in 1969 (Table 4).
As landings improved through the carly 19705, estimated numbers
of fish landed ranged from 969.1 million in 1971 to 1.990.6 mil-
lion in 1974, Estimated total numbers of fish exceeded 3.000
million in 1976 and remained above this level 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-
&4 approached, and even surpassed in some years, the estimates of
the "1950s, the age composition of the landings during the late
1970s and carly 1980s changed considerably (Table 43. The fishery
has always relied heavily on prespawning fish (age 2 and younger)
(Table 4). Prior to the population decline in the carly 1960s. the
annual pereentage of prespawners in the total landings averaged
R3% between 1955-62 (range: S$1-96%). 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% ). Notewor-

Table 4
Estimated numbers (109) of Atlantic menhaden by age caught by purse seine vessels, 1955-84.
Ape (vid

Yot ¥} | 2 3 4 Al 0 7 S 10 Total

1955 76101 674158 1.OST 68 207 3t N7 24 R 07 1053 1.84 064 LR 44
19506 16.37 2073 26 92 72 HY.60 44 78 150 68 K70 6.72 |99 1,564 .82
1957 2949 5% 1.599 98 1361 77 DA 70 X0 082 36 93 420 L 10 151167
1958 10606 RSK 16 1,635 38 7208 17 28 1594 v.09 4 88 043 271921
19549 H 30 401872 XS 29 KK 27 314 1187 12306 4.55 177 S.353.64
[RITH] 7217 JR1 01 220K 63 76 37 12 20 2477 7.98 236 (L6S 2.775.11
1v6l (025 X1 .42 SO3 o0 1200 87 19 18 RO K} 2RO R 0.24 2598 3t
1962 S1.5K AIREY| K482 217.25 RARIRY) 0.78 24.00 298 070 2.099 X6
1963 96 89 72400 709,20 122 53 4497 S2 3% 10,42 RIRR} 056 1.764.51
19644 W2 s IIRIVA] OO 9K 83 S0 17 94 78S 06.02 [IRY] 03 1.729.06
1963 249 12 IRRIA] 42140 77 76 1217 1 ¥l 122 0.75 0.06 1.509.48
19660 L9 45 S50 R? A0 14 .70 iKY 36 01t Ol 004 1.340.61
1967 698 6330 2065 67 LAY ARy 049 0. YR 1K
1968 154 26 177 46 SIK US 65 69 106/ 098 (.06 1,147 9%
1969 IS8 13} 370 3 At B IRY] 47 Ky SeH 04s [1X1]) RO 1R
1970 200 K10 XS 41392 1263 402 ol 1.402.96
1971 12 8S oy SR ¥R 20 17 K81 251 904
1977 SO 16 981 Dy RE Y 178 06 191 1 86 171395
1973 SS u¥ SRR 4/ 115 91 IR 63 T on 033 1.843. 36
1974 11558 030 68 YRS 97 4K.59 R A .38 1.990.63
1978 29K .64 719 96 1.086 53 S0.24 603 020 010 2.162.30
1976 27423 1.611 96 1330 4797 798 02K 328347
1977 48462 1.004.54 JOK1LTT K146 17 80 141 0l 1067371
1978 457 41 604 04 1.670.91 25842 LN 14 1,085.20
1979 1,492 46 6023 14 1.603% 249 127 93 2t 76 | 47 (.09 LR70.13
1980 8829 1 47800 1,458 23 22271 [N 14 36 .44 333232
1981 1.187.587 O6OK 06 1R .40 2200 47 47 1537 127 3984.02
1982 1H4.11 919 44 1.739.8§ 179.67 1633 S IR 0.53 0.12 3.175.72
183 964 .41 S17.22 2.29% 46 [FEIRA RYARY) s 023 .46 394201
1984 1.294.22 1.024.17 RO2 0 271.50 S04 1521 .51 3.548.04

195564 dati from Nicholson (1975)
1965 69 data from database used by Aheenholz et al (1987




thy were the large numbers of age-0 menhaden (i.e.. “peanuts™)
caught during 1974, 1979 1981, 1983, and 1984, most of which
were taken during the North Carolina fall fishery.

Total number of vessels in the fishery fell from 150 vessels in
1955 1o 51 vessels in the carly 1970s (Table S). Vessel numbers
increased slightly during the mid-1970s to 64. then declined further
o 38 vessels in 1984,

Since the mid-1950s to carly 1960s when nominal effort ex
pended by the fleet averaged over 2.000 vessel weeks per year, the
general trend in nominal effort has been one of decline (Table 0y,
On the other hand. cffective cffort’ has probably increased. as
modern vessels are much more cefficient than their carlier counter
parts. owing in part to faster steel-hull vessels with greater retrig.
erated hold capacities and better coordination among vessels and
spotter aircraft. This has allowed for increased time spent fishing.

‘In the Atlantic menhaden fishery. observed or nominal fishing eftort cannot he
directly adjusted to units of effective effort teffort that s a more reliable measure of
lishing mortality) for reasons outlined by Nicholson (1971a) and Schaat and Hungs
man (1972).

Table §
Numbers of purse seine vessels that landed Atlantic menhaden during the
fishing season by arca of vessel origin, 1955-84,

N¢
Fishing North Middle  Chesapeake South tall
season  Total!  Adantic?  Adantic Bay? Atlantic!  tishery
[DAN 150 9 4% 20 34 S|
1956 149 40 47 M 30 03
1957 144 33 46 RAJ i (i3}
1958 130 23 34 2X 26 61
1959 144 4 15 ] 28 59
1960 15 9 47 22 20 37
1961 17 21 47 23 20 44
1962 112 20 47 29 [ 49
1963 12 10 40 6 16 40
1964 Il 9 37 1 6 Si
1965 84 6 13 kb ] 4t
1966 76 S 10 R 16 41
1967 64 ] 4 32 16 46
1968 59 2 4 25 HY 45
1969 M| 3 4 22 16 [}
1970 5S4 4 | I8 It 7
1971 b S 2 20 R 32
1972 St 9 4 19 Bl 5
1973 S8 10 6 23 1 4
1974 63 t2 6 22 12 12
1975 61 9 5 2 14 17
1976 62 12 4 21 12 13
1977 64 12 5 24 10 te
1978 53 13 S 22 [R] 1%
1979 54 N 4 2 R 1%
1980 S1 S 6 24 12 19
1981 57 8 7 23 13 ]
1982 47 9 ( 22 X 1%
1983 4 7 Y] 24 1Y) 17
1984 8 6 ) 26 6 12

Uncludes all vessels that landed fish during the year. Within a year, the sum
of vessels across all areas does not cqual the total because numcrous vessels
that participated in the summer tishery i Chesapeake Bay also tished trom the
port of Beaufort. NC. during the North Caroling tall fishery.

*Vessels fishing from New tgland ports i recent years are mostly tawlers
that convert 1o purse seiners in summer Some tish regularly and others fish
sporadically

YIncludes vessels that fished only n the summer fishery
sewsels added in October or November

Hncludes only vessels that Tanded repubarly mothe sumimer fishery
S1955-80 data tfrom ASMEC (19K1)

Does not include

6

Given these improvements, the fishing power of the modern tleet
has probably more than doubled (Ahrenhols ctal. 1987).

Catch-per-unit-effort trends in Chesapeake Bay and arcas north
showed general declines through the 1960, with Improvement
through the 19705 and carly 1980s (Table 7). South of Chesapeake
Bay dramatic dechines in CPUE were not apparent during the
1960s, and CPUE ended 1o increase during the 19705 and carly
1980s.

Landings, Age Composition, Effort,
and CPUE by Area

North Atlantic

For the period 1955-62 annual andings in the North Atantic arey
averaged 11% of the total annual landings for the entire lishery
(Tuble 3). Landings declined through the 19605 and as the populi-
tion recovered in the 1970s the North Atantic arca again con-
ributed significantly to the total landings. Between 1972 and
19817 annual North Atlantic tandings averaged about 8% of the
total fishery,

The purse seine fishery for Atlantic menhaden in the North
Atlantic arca is comprised almost exclusively of age-2 fish and
older. with ages 2 and 3 predominating (Table ), During the

INorth Atlantie arca Jandings Tor T982-83 are combmed with other WIS Lo protedt
Jandings contidentialy

[ Table 6
Atlantic menbaden nominal fishing effort (vessel weeks) by arca of vessel
origin, 1955-84.

North Middle  Chesapeake South NC tall
Year  Atlantic Atlante Bay Atlanii tishieny Coastwrde
1985 S26 1.01% 454 REH o2 ANR1S
1950 S64 979 487 S63 188 R WA
1957 431 1.094 552 464 229 2778
1958 206K K21 578 97 79 RIR R
19549 413 9K0 OKS SR 28] 28417
1960 321 Ko 416 286 168 2m7
1961 292 t.OI8 482 306 183 RRYE|
1962 322 1.035 SK) Yo 103 2359
1963 268 874 076 276 24 233
1964 143 K| ROoO 292 1%5 1.807
1965 96 W2 Hi¥ 301 208 1.8
1966 41 89 R0Y 264 178 1386
1967 3} 126 781 241 16X (RSN
1968 28 122 636 258 10X 1.200
1969 3 tle 523 173 144 G995
1970 0 02 536 177 1H iy
1971+ X7 ™ S12 1%0 g 897
1472 XY 1tH S64 199 20 97
1971 [RE o 6249 203 I3 1,099
1974 152 127 SK9 RRY 39 1145
1975 146 us 016 287 74 1218
1976 142 123 570 254 74 163
1977 117 131 663 210 12 1.239
1978 110 9w 614 274 122 1.210
1979 9% s S58Y 274 142 F 19K
1980 07 128 630 231 Y6 1.1S%
19K K1 137 545 239 129 1133
19K2 135 0 538 207 71 UK
1983 103 {) o) 147 145 Y98
1984 106y 0 570 Y6 120 K92
“19S5 71 data do not agree with Nicholson (1975) becanse be adjusted (e

duced) effort in the North Atlantic area, and 1o some extent aeas larther

south, o compensate tor the small size of vessels that Trequently fished i

those arcas Present values are unadjusted estomiates ol nominal tishing clfort




Table 7
Catch-per-unit-effort data (metric tons/vessel week) for the Atlantic men-
haden purse seine fishery, 195584,

Notth AMiddle Chesapeahe South NC fall

Atlant Atlanti Bay Atfantic fishery
[KTARY 158 AT 292 R4 240
1950 175 3O 193 122 259
1957 194 278 228 X 227
[958 13 287 202 104 282
1959 160 256 287 122 12X
1960 7 283 261 128 370
1961 Dol 270 207 i 82
196} R 2 267 136 250
1963 13 1R 154 124 JSK
196} 105 v 166 (R0 208
1965 124 152 150 (A 254
1906 1 67 143 a1 401
1967 0 136 17 B3] 05
1908 ARU] 208 182 132 i
1969 T4 ([1h 138 190 287
1970 BN 184 4] 240 il
1971 120 291 LER) MR 203
1972 163 541 415 AR 2740
1971 217 72 ' IX3 XS
1974 230 272 tad 401
1978 158 21 Ry 241
1976 QiKY 51 2 245
977 128 07 ART| KK
197X RS 0 20 LR
1979 30 W7 228 3RO
19RO BRR] 70 ¥ 73
1K1 203 7 1R1] SO0
19K 437 * 284 430
1984 154 RNR) 472
(B8] IS0 198 548

CCPUE data trom two arcas combined to protect confulential landimgs

1960s estimated numbers of fish caught fell from 130.7 milhion in
1962 1o zero cffort and no landings in 1967°. Through the carly
1970s increasing numbers of age-2 and -3 fish were captured and
by 1980 and 1981 age-4 and -5 fish also made significant contribu-
tions to the North Atlantic catch. By the late 1970s annual esti-
mates of total numbers of menhaden caught in the North Atlantic
arca approached pre-1963 levels.

The number of uctive purse scine vessels in the North Atlantic
arca increased through the 1970s 1o 13 by 1978, but pre-1963
fevels of participation in the fishery were not attained (Table S).
The numbers of vessels declined in the 1980s and in 1984 only six
vessels fished out of two ports (Gloucester and Rockland). Effort
in the North Atlantic arca increased during the 1970s to 152 vessel
weeks in 1974, but then fluctuated between 67 vessel weeks in
1980 to 146 vessel weeks in 1975 (Table 6). During the mid-1970s
CPUE levels in the North Atlantic arca ranged from 128 mt/vessel
week in 1977 1o 236 mt/vessel week in 1974 (Table 7). CPUE
gradually increased through the fute 1970s and reached 4443 mit/ves-
sel week in 1950, CPUE levels greater than 250 mt/vessel week
were maintained through 1984.¢

“Although no menbaden were tanded for reduction at North Atlantic ports i 1967 _an
estiated 3% mulhon tsh were canght in the North Atantic area (Table X). but were
landed an cuther the Middle Atlantic or Chesapeahe Bav areas

SCPUE values tor Middle Athantic and Chesapeake Bay arcas for 1972 81 have been
combined 1o protect Tadings confidentiality. Likewise. CPUE values for the North
Atlantic and Chesapeake Bay arcas for 1982-84 have also been combined

Middle Atlantic and Chesapeake Bay

Between 1973 and 1981 only one plant operated in the Middle
Atlantic arca and only two plants operated in Chesapeake Bay:
therelore, a discussion of Atlantic menhaden landings from these
arcas, 1973-81, requires that actual landings information be com-
bimed 1o protect confidential data. Furthermore, after 1981 the
facility in New Jersey closed. hence the Chesapeake Bay arca
landings for 1982-84 were necessarily combined with North At-
lantic area landings. again for reasons of confidentiality.

Prior 10 1962, annual landings of Atlantic menhaden in the
Middie Atlantic arca surpassed those of the Chesapeake Bay area,
often more than twofold (1955-57. 1960, 1961) (Table 3). Be-
tween 1955 and 1962 annual Middle Adantic arca landings aver-
aged 67% of the total from both arcas combined. Landings for both
arcas declined sharply in the 19605, low values being 6,000 mt for
the Middle Adantic arca in 1966 and 72,000 mt for the Chesapeake
Bay arca in 1969. By 1972 several plants in New Jersey and
Delaware closed and only the plant at Port Monmouth remained.
Between 1972 and 1981 landings shifted dramatically in favor of
Chesapeake Bay plants. with annual landings for the area often
exceeding the Middle Atlantic arca landings fourfold (1975. 1977-
80). Between 1972 and 1981, annual landings from both areas
combined averaged 68% of the total landings for the entire Atlantic
menhaden fishery. During 1982-84 landings from the combined
North Atlantic and Chesapeake Bay arcas averaged 75% of the
total landings for the entire fishery (Table 3).

Estimated numbers of fish caught in the Middle Atlantic area
increased through the carly 1970s and reached almost 400 miilion
in 1976, although never approaching the record levels of over
1000 million caught prior to 1961 (Table 9). Estimated numbers
dechined to 521 million by 1978 and remained below the 100
million level through 1982, After the closure of the plant at Port
Monmaouth, vessels from Chesapeake Bay began more frequent
explottation of waters in the Middic Atlantic and North Atlantic
arcas. By 1983 plants in Virginia processed an estimated 300.2
million fish harvested in Middle Atlantic waters. During the 1970s
and carly 1980s, age-2 fish predominated in catches from the
Middie Atlantic area, with relatively large numbers of age-1 fish
taken in 1972, 1976, and 1978 and age-3 fish in 1972, 1977, and
1984.

As processing facilities in New Jersey and Delaware closed in
the 1960s. the number of active vessels fell sharply (Table 5).
Before 1964 over 40 vessels landed Atlantic menhaden in the
Middle Adlantic arca. but by 1973 only 6 vessels were active. all
based at the Port Monmouth plant. Between 1972 and 1981 nom-
inal cffort at the Port Monmouth plant averaged {14 vessel weeks.
or 12% of the average annual effort expended in the Middle At-
lantic arca between 1955 and 1962 (Table 6).

Estimated total numbers of fish caught in the Chesapeake Bay
arca declined through the 1960s 10 a low of 254 million in 1969
{Table 10). Estimated numbers fluctuated thereafter, but generally
tended to increase toward and beyond the 1,000 million level. In
1980 an estimated 2,015.8 million fish were harvested in the
Chesapeake Bay arca, the greatest number since 1959, The catch
of 1982 also surpassed 2.000 million fish. As Chesapeake Bay arca
landings increased during the 1970s, age composition of the catch
shifted towards a greater pereentage of age-2 fish. Between 1955
and 1971 estimated numbers of age-1 fish outnumbered age-2 fish
in % out of 17 years (Table 10). Between 1972 and 1984 estimated
numbers of age-2 fish predominated over age-1 fish in 10 of 13
years, in 1983 age-2 fish comprised 83% of the total estimated



Table 8
Estimated numbers (108) of Atlantic menhaden by age caught by purse scine vessels in the North
Atluntic ares, 1955.84,
Age (yr)
Year ] 1 2 3 4 h] 6 7 R 10 Tota)
[EAN 042 RAA) 14.62 2194 TN 003 038 167.97
1956 1,79 oY S| 1S 89 X128 12,91 250 072 194.57
(DAY 20 R31.87 S 03 2942 1615 1713 2%y 046 186,90
1U58 [INR] 44018 20.59 708 $76 416 200 0w LERLY
1959 X.37 713 98 97 UM 4.00 4.27 20K 0.90 f63 37
1960 KN 64 3487 $0.53 6.52 2w 060 1t 173 60
1961 Sl 197 15 6.76 12.27 135 094 014 L3327
1962 304 29 28 mnmn 9 8K LR} |25 0.62 1370
1963 I.34 10.S8 14 4% 2354 S04 [ ol 030 57.82
1904 [ A S 86 412 Sy R U] 01?7 22K
196S 0N R AR 149 1 u s/ 1006 1054
19066 atl [y 1S 1o 01t a1l 0.04 V(M)
1967 078 1 RS U 6t 004 i
1968 I 65 S ol 20 0.2 aor 973
(R0 AN 0.4y 404 ros IR X0
1970 15K} 104 1604
1971 4.97 LMY | 62 144 S0 34
1972 276 29 7% S17 0 Ko 38.57
1973 HOR .26 1o 077 0.3 1260099
1974 XR.29 4207 248 .38 [RENN
1978 79 66 RER N 404 020 010 1772
1976 .09 12716 20 X 6.20 0.2x 160 11
1977 6.09 LRINA, 1ty SX 137 oou7 SISy
1978 1280 K7 X1 2274 292 14626
1979 1.3% 9K 05 S0 29 16 77 | 47 oo 17406
TURO 7.23 94 10 282 i1 50 0.92 166.27
1981 29.90 6214 4444 1500 127 152 76
1982 2K 94 8442 151 4.8Y 046 032 13158
1U83 123 2% 46 94 17 8% 21y 021 F90 46
1984 874 LANW 1% 76 S 8 0141 11629
TTYSS-04 data from Nichobon (1975
THI965 69 data from database used by Ahienhols et al t19K7)

number of fish caught in the Chesapeake Bay arca. Relatively Large
numbers of age-0 fish were taken in the Chesapeake Bay arca
during 1981, 1983, and 1984, and also large numbers of age- 3 fish
were caught [978-84 compared with 1973-77.

The number of vessels fishing from plants in Chesapeake Bay
remained fairly stable during 1972-84, ranging from 19 o 20
(Table 5). During the same period nominal effort declined from the
record high levels of the mid- 1960 (838 vessel weeks in 1965) and
stabilized near the 600 vessel-week level (Tabice 6).

Combined CPUE values for the Middle Atlantic and Chesapeake
Bay arcas® declined through the mid-1970s to 211 mi/vessel week
in 1975 (Table 7). From 1976 through 1981 CPUE values re-
mained above the 300 mt/vessel week level, In 1983 combined
CPUE for the North Atlantic and Chesapeake Bay arcas peaked at
454 mu/vessel week.

South Atlantic

Landings in the South Atlantic arca remained fairly stable during
the 1960s, despite the large fluctuations in other fishing arcas.
Landings gradually increased through the late 19705 (Table 3). By
1981 South Atlantic landings totaled 79,100 m, a record for this
area for the period 1955-84. The plant &t Southport, NC', annually
accounted for a majority of the landings in the South Adlantic area,
and closure of this plant after the 1983 fishing scason is reflected
in the 1984 landings for the arca of only 19.000 mt.
Historically, catches from the South Atlantic arca have consisted
primarily of age-1 and -2 menhaden. For the period 1972-84 these
age classes annually comprised between 62% and almost 100% of
the total cateh from the arca (Table 11). In 1981, 1983, and 1984,
significant numbers of age-0 fish were caught. In 1981 over 42
million age-0 fish were captured. prinarily  during October in
North Carolina estuarine waters. During 1983 and 1984 most of the
age-0 fish harvested in the South Atantic aren were caught by
vessels from Virginia off the North Caroling coast but were pro-
cessed in Reedville. Simitasly. in 1982-84 some older fish Gages 3



Table 9
Estimated numbers (10%) of Atlantic menhaden by age caught by purse seine vessels in the Middle
Atlantic arca, 1955-84,
Agpc tyn)

Yoar 0 | 2 3 4 5 6 7 R-10 Totak

tuss 16,31 SI022 210260 15933 1296 220 091 016 PRRIRA
1956 1), 59 TROES 21123 1958 2293 R3P 39 1.27 0 1.243.20
[u87 41030 B0 30 42 36 20 44 955 K73 048 (1.56 [IRRLEV
1958 22 61 95 94 IN 33 1%l 119 069 0.4 034 K4l 3
1959 K75 5% REE AN 168 08 435 206 200 1.6Y 033 1.502 11X
1960 1227 1.140.56 16.21% 26 50 038 1S3 044 012 1. 20400
1961 147 164 16 741 K2 6.04 695 0% 0R2 010 Y2378
1962 1177 193 37 145,80 2KR 206 16.45 1384 1.23 008 67080
1963 157 90 23262 [DICA] 2086 1941 295 124 015 478.77
1963 A7 791 1264 s 24 1.8 023 018 8872
1965 2 RN 2 M 49 2% 7.89 02 003 0.8 132,79
1960 13 1015 148 116 XK 1824
1967 90 124 16 47 | .68 025 0 8063
1968 0.0} i 2007 5 88 030 004 S840
1964 ¢ 003 o013 P2 097 a2 w0l IX.0X
1970 12 0% SO 0% 127 061 0625
1971 1207 22000 916 | S4 0lo 4553
1972 ROERY 0 RBX BEL N 96} OS2 135,03
1973 A b6 117 36 24 80 S 40 153,78
tur4 10 R0 23 6l 240 244 90
1978 97 S.70 1o 104,04
1976 hY IR 1092 1328 a7 19646
1977 490 120 1K 19 I8 700 00y 04 17133
197K NIRRT 204 110 8210
1979 009 RELA ] 27449 282 7K.42
19%0) (S0 47 28 1L 9s L 032 008 6323
198 | 00 RERY 1] 16 77 .90 .37 6823
1982 R 40 49 2% 9.0} . - 67.31
1983 S XS 281 97 1192 0.24 .24 . - 3,22
1984 6.59 Ry 22 S§7.12 LI 2.56 160,70

OS50 data [rom Nicholson (1975)
90509 dati from database used by Ahrenholz et al (1987),

to &) were also taken by Virginia vessels in the South Atlantic arca
after commencement of the North Carolina fall fishery, but they
oo were processed i Reedville. In both instances the fish in
question were assigned to catehes for the South Atlantic arca. That
they were taken in November and December demonstrates the
recent tendency of vessels based in Virginia to fish as far south as
Cape Hatteras and as Late as Decembes.

The number of vessels engaged in the fishery in the South
Adantic arca remained tairly constant through the 1970s, reaching
a high ol 14 vessels in 1975 (Table 5). After 1981 the number of
active vessels declined to 6 in 1984, primarily due to closure of the
facility at Southport. Similarly. nominal cifort was fairly stable in
the South Atlantic arca during the 1970s, averaging 243 vessel
weeks annually between 1972 and 1979 (Table 6). By 1980 nom-
inal cffort declined. and in 1984 only 96 vessel weeks of effort
were expended. CPUE in the area increased gradually through the
1970s and peaked at 331 mt/vessel week in 1981 (Table 7)., a
record for the South Atlantic. By 1984 CPULE declined to 198
muvessel week.

9

North Carolina fall fishery

During the 1960s annual landings of Atlantic menhaden in the
North Carolina fall fishery 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 only 2,400 mt were landed. By
1977 landings improved., and through 1984 landings approximated
pre 1970 levels. Landings of 68,700 mt in 1984 were the largest
since 1966.

Catches from the North Carolina fall fishery during the 1970s
were characterized by a paucity of age-3 and older fish (spawners)
and by increasing harvests of age-0 fish (Table 12). The year
classes of 1977, 1979, and 1981 were probably the strongest since
the late 1960s (Ahrenholz et al. 1987). and they contributed signif-
icantly as age-3+ fish in the North Carolina fall fishery in 1981-
84,

Starting in 1974, vessels in the North Carolina fall fishery began
harvesting large numbers of age-0 fish (Table 12), and in 1979 a
record estimated number of 1,478.0 million age-0 Atlantic men-
haden were caught. This represented 91% of the total estimated
number of fish caught in the North Carolina fall fishery that year.



‘Table 10
Estimated numbers (108) of Atlantic menhaden by age caught by purse seine vessels in the
Chesapeake Bay area, 1955-84,
Age (vr)

Year 0 i 2 3 4 N O 7 8-10 Tatul

1953 1208 34w 82 sy7oon 746 40
1956 67417 66 90 4y 74176
1957 192 105738 |70 5% Y20 oo 1.239.37
1958 048 Q908K 361 76 525 0w 03y 1.059.66
1959 1071 212450 2110 jos7 RIEELROY
1460 142 58 0660 Y4 204 812 10
1961 RIN0 MA200 2 0 e 146 82
1962 22400 20408 W06l 0K 5w g0y OKS 46
1963 S1.54 1K 64 192 83 45 41 078 Ol 19
19640 2272 47088 0405 20 4 14015
1965 681X 4K 23 104 50 1452 a2 0 0% 67182
1960 21404 22072 R TURY 10 65 068 017 650 64
1967 662 21K Y7 9842 007 WO Ko
196X 4144 145 .41 RAMRR} 28 X1 (03X 409 448 47
1969°* 3039 6540 125 sx) 0 g 25395
1970 SHS 2000 NS J07 07 751 Sir
1971 40038 L6 0SK 4SS 407 w7 4714
1972 007 SORTL 279 0267 4 0K 970,063
1973 1877 42600 7147 2012 002 1161 90
1974 1667 2606 o6 i1 A X179
1975 01 3210 S99 S.60 020 921,05
1976 1443 BRI SS9 678 g6 2300 082 1.577.00
1977 430 SIRKS 1422 4 15 0 1.950.11
197K 042 33724 Lokooe 367 145412
1979 SAS 48320 ww0 20y 1,402 52
1980 779 BB 1Lm217 0 7400 2005 88
1981 095 076 102791 3us g 1,392 sy
1982 KOS SINKT 13K TY  Joob) 2002 28
983 167.20 403 15017 Joss 043 1.830 04
9B IB6.04 45087 69t in  ws (7 1.419.04

HI9SS 04 data trom Nicholson (1975)
THI965 69 data from database wsed by Ahtenhols et at (1987 J
Over 1.000 million age-0 fish were taken again in 1981 and num- Length and Weight Statistics
bers harvested in 1984 approximated this level,

During the late 1960s poor prospects of fish abundance in the Simple mean lengths and weights for Atlantic menhaden sampled
North Carolina fall fishery contributed te a decline in the number from 1972 10 1984 arc presented by arca caught, quarter. and age
of active vessels in the fishery (Nicholson 1975). The number of (Appendix Tabies 2-13). Nicholson (1975) reported that the mean
vessels dropped sharply to only 5in 1972 and 4 in 1973 (Table §). length of age 0-4 fish sampled at various ports increased through
As catches improved during the late 19705, the number of vessels the mid- 10 late 1960s. He concluded that these changes were
increased to as many as 19 in 1980 and 1981, but then fell 1o 12 significant and indicated increased growth rates over the period.
by 1984. Nominal effort increased from 1972 10 1984, approaching During the 1970s and carly 1980s a reversal of this trend was
the 150-vessel-week level twice (1979 and 1983) (Table 6), and observed. In all arcas for 1972-84 the mean length of age 1-4 fish
generally fluctuated about the 100-vessel-week level during the tended to decline. This trend is most apparent when coastwide
remainder of the period. CPUE increased throughout the late 19705 annual mean lengths and weights at age are summarized (Appendix
and early 1980s and exceeded levels observed during the carly Tables 7 and 13); the mean length of age 1-4 Attantic menhaden
1960s (Table 7); in 1984 4 record high for the North Carolina fall declined about 30-60 mm over the period. Because fish weight
fishery of 545 mt/vessel week was recorded. varies as a power of lenpth. the decline in mean weight over the

same period is even more striking and holds important ramifica-
tions regarding stock biomass and yield from the fishery (Vaughan
and Smith 1986a). The mean weights of Atantic menhaden age
I-4 in 1972 were 128, 330. 547. and 631 g. respectively, but in
1984 mean weights for respective age groups were 78, 149, 288,
and 405 g (Appendix Table 13).

10



Table 11
Estimated numbers (100) of Atlantic menhaden by age caught by purse seine vessels in the South
Atluntic area, 1955.84,
Apc (v

Yew 0 | 2 4 S 6 7 %10 Toral

1955 6.51 290 ¥4 11304 1347 1138 437.24
1956 1,147 8% 10.91 ) K9 1.159.68
1957 13.27 17491 231.56 0.42 RGRR I
1958 1.47 VS 20 135,39 R.25 026 - 460.57
1959 1.20% %96 [IR.2 1.073.19
1960 13.86 (AR, 2] 27373 399 .43
1961 Ju0 44 7496 54 36 0.30 620.06
1962 221 29758 25030 1 K1 . - 551.87
1963 17822 22055 0.33 - 39910
1964+ .66 S10 22 184 58 - 696,43
1965 377 J06 04 194 0K 033 008 - - 398 .86
1966 254 K0 67.29 0.50 - - — 12259
1967 033 32915 61K 003 - — — Wiy
196K 0.37 21234 2M.96 0.52 - - 4R 1Y
1969+ 0.08 258 12 113,58 03 - - - 372.06
1970 136 90 1o 48 S01.44
1971 1.2% 145 83 195.62 0.03 - 342,75
1972 RRRIR ) 160080 0.7 - - 495.47
1973 [RE S 21250 .07 - 360.69
1974 IS1 2% 243,65 (.82 - - 95714
1975 3162 s 17 418 079 [ — 651.72
1976 785 S9K.79 1RS K2 - 792.47
1977 337 97 48429 | RY - 82414
1978 162 .61 RET IR 96 K2 042 749.06
1979 9.25 X719 47736 1308 586.90
IR (.36 176 K| 7907 26.04 0.29 682.57
1981 4201 149%) 87 547.89 99.07 012 - 879.69
1982 4.3 258 &S 28695 11K 076 007 — - 655.15
1UK 3 V6. 74 165 09 274 43 1987 1143 1.74 ce e 0,46 569.76
1984 137.69 156 (2 LR R 10,08 - — IR7.59

*1955-64 data trom Nicholson (1975).
*1965-09 data from database used by Ahrenhols et al. (1987).

An explanation for this phenomenon may be threefold (ASMEC
1981: Ahrenholz ¢t al. 1987), but it is unknown whether these
interpretations are independent of | or confound. one another. First,
Aulantic menhaden are protracted spawners and prevailing environ-
mental factors may favor success of the later (late winter or spring)
spawn, rather than the carlier (fall or winter) spawn. Thus, the
later-spawned young-of-the-year would have a shorter first grow-
ing scason and presumably would enter the fishery as age-1 and -2
fish at a smalier size than would fall or carly winter spawned fish.
Second. since 1970 the center of fishing activity has shitted south-
ward trom the North Atlantic and the Middle Atlantic arcas to the
Chesapeake Bay and the South Atlantic arcas. Since Atlantic men-
haden stratify along the East Coast of the U.S. by size and age
during summer, with larger individuals of a given age class oceur-
ring in more northern latitudes (Nicholson 1971b), the fishery has
concentrated fishing in locations of smaller individuals of a given
age class. Third, Atlantic menhaden exhibit density-dependent
arowth. The relatively strong year classes of 1975, 1979, 1981,
and 1983 produced smaller-than-average-sized fish at a given age.
Figures 2 and 3 show this size differential of sampled fish at age
for the 1967 and 1983 fishing scasons. These length frequency

distributions portray not only size differences at age between years,
but also geographical size differences at age within years.

Summary

The purse seine fishery for Atlantic menhaden declined through
the 1960s when fish became scarce in the northern half of their
range due 1o poor recruitment and truncation of the stock’s age
structure. During the mid- to late 1970s recruitment improved and
the age structure broadened. As fish again became available in
New England waters, up to four reduction plants processed At-
lantic menhaden in the North Atlantic fishing area during the
mid-1970s. However, by the latc 1970s and early 1980s local
factory-odor abatement problems forced several of these plants to
close. In the Middle Atlantic arca only one plant processed fish
through the 1970s, but it closed after 1981. In the Chesapeake Bay
arca the number of active plants and the size of the fleet remained
fairly stable through the carly 1980s. Beginning in 1983 the
Chesapeake Bay fleet increased its efforts in the Middle Atlantic
and North Atlantic areas and also 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 fishery, 1955.84,
Apc (yn)

Year ¥} I 2 3 A 6 7 X 10 Total

1958 74202 30.76 S1LOK 7.3 167 24 .39 010 851.42
1956 36.37 60.42 2697 37 4K 936 36.50 748 1R 225.61
1957 28439 124 2330 1S600 2072 1474 1107 095 008 3%3.26
198K 10411 2934 9R.08 1903 7.20 8.60 404 248 27348
1959 0.69 6.87 ISY9 10ARY IR.44 S5 6.09 078 0.54 17%.96
1960 S¥.31 14.32 IK.76 2268 3517 10.9 403 1.3 09 1%5.86
1961 0.25 10.71 4507 10190 S76 1000 0.62 174,41
1962 697 71 17.17 7ol 2210 4.15 182 050 6103
1963 45138 6y 47 ol K6 2628 S8 943 1.53 045 01! 22263
1964+ 73,65 19.41 06055 1710 ol (.04 a7 0w 1RO.64
1965 17716 30 46 09.77 10 50 | §7 298 16
1966 13831 T200 116 0d 15 76 .98 000
1967 K116 46 09 36 (00 281 020 HOR.O8
1968 11248 10 (X} 68 S§ 13 06 289 (32 213,59
RV AR It 69 4% 7% X RO 1S 96 [ 21879
1970 18.08 47 IR 34 0 Nt AR R 004 67 6}
1971 388 1522 10 55 120 041 004 5903
1972 SO ) 18758 168 1 80 7422
1973 37.21 K68 0.10 002 46.01
1974 JUX XK 48.55 Lo 28 0 0.08 364,03
1975 254.63 8666 2491 .6t 367 .80
1976 251.94 80,27 1913 S 94 (16 157.44
1977 480.33 14283 4% 90 44 IR 67659
1978 457,30 16424 4249 1204 693 0.58 OX3 60
1979 1.478.07 8i.07 S$7 96 X.67 247 1,628,213
1980 R0 14 206230 RRT | 16.42 9.94 254 047 .37
19¥1 1.074.60 2464 15687 13.26 1.490.76
1982 101,70 133 32 S5.65 14 K2 108 .8y 309 44
1983 TOO 44 20593 102.2] 2478 1743 (.84 1.051.63
1984 909 .59 410.09 2013 0 2337 7.17 0.37 1.464.41

Y1955-04 data from Nicholson (1975)
*H1965-69 data Irom database used by Ahrenhols et al (1987)

during late fall and carly winter. In the South Atlantic arca. the
number of active plants remained relatively unchanged through the
carly 1980s. although a major facility closed after 1983: conse-
quently. fleet size and landings also declined. Participation in the
North Carolina fall fishery increased through the 1970s and carty
1980s as the prospects tor greater catches improved.

As the Atlantic menhaden stock has rebuilt. landings increased
from 161.600 mt in 1969 to 418.600 mt in 1983: coastwide esti-

mates of numbers of fish landed increased tfrom 969.1 million in
1971 to almost 4,000 million in 1981. Through the 1970s and carly
1980s greater numbers of age-0 menhaden were harvested during
the North Carolina fall fishery. In turn, age-0 fish made increas-
ingly greater contributions to annual coastwide estimates of num-
bers of Atlantic menhaden fanded. Also as the stock has rebuilt., the
mean length of sampled fish ages -4 declined 30-60 mm, while
the mean weight of the same age classes declined 50-250 g,
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Length frequency distributions of Atluntic menhaden sampled from the purse seine fishery during 1967.
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Figure 3
Length frequency distributions of Atlantic menhaden sumpled from the purse seine fishery during 1983,
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Appendix Table 1

Quarterly time increments used in
subsequent appendices for Atlantic

menhaden.
Ending date of
—_—
Quarter tirst week last week
1 -2129 - 6/}
2 -S/30 <. 8/30
L) R4 < 117129
4 AL UL

*February ot next calendar year, but

same sty scason

Appendix Table 2

Mean fork length (mm) of Atlantic menhaden sampled from the North Attantic area by quarter and age, 197284,

Quaurter | Quarter 2 Quarter 3
Age (yr) Age (yr) Age tvn)
Year 2 Rl 4 s 1 2 3 4 s 6 7 2 3 4 S 6
1972 — — - —-- 297 RIL 320 25 - -
1973 — — - 282 RVR] RR% 275 K 326 332
1974 _— - - - RER] 294 135 24 263 00 34 AR}
1978 RAN) — 246 2%2 L 126 131 262 K2 it
1976 220 — 198 240 278 297 3o 282 KR LH]]
1977 — - 246 265 2717 287 ) N 267 280 2094 298 LRI
1978 211 221 240 - 217 M0 K6 298 238 R RUAS 302
1979 207 267 19t 20 2062 276 295 241 204 282 36 L]
1980 228 230 240 - 239 260 274 284 294 207 284 2900 294 W04
1981 202 229 272 2R3 220 287 284 204 209 288 AVE] RUAS 3 37
1982 202 230 271 4 217 pRY 270 47 02 17 RER} 243 283
1983 — - 219 246 265 293 300 241 262 273 285
19%4 - — 236 28] 27 282 29 282 268 283 28X
Appendix Table 3
Mean fork length (mm) of Atlantic menhaden sampled from the Middle Atlantic area by yuarter and age, 1972-84.
Quarter | Quarter 2 OQuarter 3
Age (yr) Age (yr) Age tyr)

Year I 2 3 4 I 2 3 4 h} 6 | 2 3 4 S
1972 — 299 31 307 23 249 34 2 337 AR 277 32 323
1973 — — - — — RR1 ] 04 341 - 233 254 298 33
1974 — 21 — - 211 23 288 - - 2 244 2K7
1975 — 224 - — - 229 281 07 — 2449 279 296
1976 176 197 285 — 185 222 2% 298 — 189 231 291 20
1977 — 237 2549 281 I8S 224 250 273 267 322 172 RR*Y 263 2XS
1978 — 216 22) 246 — 226 241 275 - 236 254 274
1979 —_ — 202 23 251 265 214 243 203 281
1980 — - 218 244 273 296 X1 202 23 JSX 277
1981 — 18X 210 229 221 226 26 270 1oy 238 AR AFA) L)
1982 — - 18] 220 213 179 28 23K
1983 — 181 173 207 225 IRS 23 284 2R XX
1984 — — 172 208 230 289 HH 170 219 AR X




Appendix Table 4

Mean fork length (mm) of Atlantic menhaden sampled from the Chesapeake Bay area by quarter and age, 1972-84.

Quarter | Quarter 2 Quarter 3 Quarter 4

Ape (vn) Ape tyr) Age (yn) Agelyr)
Yo | 2 i 1 0 i 2 3 4 5 0 | 2 3 4 0 | 2
172 197 267 30s li6 344 207 284 32 315 123 201 254
19713 178 222 279 RAR) 131 212 233 291 - 124 217 250
1971 14 176 221 2%t [R1Y 197 233 293 - 128 183 —
1975 154 204 287 294 . 126 176 21t 278 - 116 168 207
176 153 200 IRK W02 164 199 278 284 128 163 210 - - 162 204
1977 160 208 21 1S58 184 24 - 127 163 193 231 - 190 210
[OFH 142 X2 2w 162 2 225 129 173 203 232 — - - —
1979 167 194 29 174 19K 223 - - [RR} 170 208 237 — — —
1980 s 202 170 196 212 220 - 124 oS 204 225 2 122 156 —
1981 177 19X [ 176 189 206 M4 . 129 176 202 226 237 — —
1982 1t} 180 193 16X 191 hi%} . 140 181 206 229 . - —_
1u8 3 16] INt 1958 174 194 206 200 i26 186 A0 21 - 118 - —
194 158 184 o7 13 171 {97 28 - .- s 164 203 233 - — -

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

Quarter | Quarter 2 Quarter 3 Quarter 4
Age (v Age (yr) Age (yn) Age (yr)

Year | 2 A | 1

972 16y Jox 160 201 286 - — 174 2 - —_— - — — — — -
1973 1SE IR8S 165 193 223 19s 210 —_— - - . _ = =
1974 138 211 284 177 218 262 IRY 22K e e e - e —
1975 159 197 ) 161 191 236 ) 178 204 - .- — — - S —
1976 159 183 1S3 201 96 1605 216 ~ - o — — —_
1977 LIS 182 138 190 264 - 16 190 - — - - — pu— —_ =
1978126 170 2000 280 137 1K1 203 4 S 197 20 . - - - — — =
1979 138 178 2u 1S3 188 208 B9 1758 202 230 — — - —_ =~ -
1980 122 176 135 183 200 1S 147 205 224 251 - o - - - _— -
122 S N S A I B P 141 187 204 20 92 152 198 16 — - . - — —_ —
1982 138 471 19l 143 179 193 210 275 93 MR 191 20y . - e e - —_— = =
TO83 125 1e0 9% 197 141 17V 2k 220 P38 146 IKK 206 205 287 123 .~ 268 275 284 278 —

1984 130 169 IS5 188 208 103 16 1w 200 — 1S 142 - s = - =




Appendix Table 6 Appendix Table 7
Mean fork length (mm) of Atlantic menhaden sampled during the North Mean fork length (mm) of Atlantic menhaden siampled coastwide by ape,
Carolina fall fishery by quarter and age, 1972.84. 1972.84.
Quarter 3 Quarter 4 Ape (v
Age (yn) Age tyr) — T e s -
-_— - Yo 4 | 2 3 4 ) O 7 N
Year 0 ] 2 3 4 [} | 2 A 4 S 6 — - S
— 1972 HY 14 261 310 9 338
1972 — 182 264 313 1% oK 262 314 R S X
1973 _ — . 130 20 294 w7 1974 123 184 RAY) 293 128 127
974~ 176 120 158 263 2X7 29g 1975 422 qed NS 7R A4 6 i
1975 133 160 218 261 LK ISy 229 276 976107 ek 0SS 0k o
1976 113 173 26 _ 105 159 253 291 3R 1977 Lo 151 199 200 R0 2%7 LER]
1977 88 167 220 116 162 224 267 298 978 1200 1SS qhe 236 K Doy
197% 108 146 - 1201710 221 278 97 a2 79167208 256 2 ok
1979 85 197 217 23§ 16 1X3 226 261 2K) 1980 TS W7 0 287 e e g
980 116159 214 223 2400 104 147 212 23 291 8 gy RLH2 s e 37 kg s
1951 117 170 215 220 0% 1se 92 16 lon 194 206 268 207 w6 47
1982 152 213 25 112162 222 254 276 296 O o S B S L RS A I T i
1983 140 163 211 2N 119 1SE 218 266 277 313 1u84 2 toil 19¥ 248 21 286 294
1984 113 152 243 236 1O 1440 225 272 279 e 209 -
Appendix Table §
Mean weight (g) of Atlantic menhaden sampled from the North Atlantic arca by quarter and age, 1972-84,
Quarter | Quaiter 2 Quarter 3
Age (avr) Ape (yn) Age (v
Year 2 3 4 s I 2 3 4 s 6 7 2 3 1 S 0
1972 — 520 1211 0624} [24%)
1973 — - a2 5549 OK2 RRR] 5K 625 074
1974 — - 0t 460 il S58 307 454 Sy 674
1978 267 - 291 426 S12 (011 0654 129 411 S50
1976 228 -- 203 270 418 S12 S69 RE ) 483 hRD
1977 - - 297 LU | 444 S17 44 HH RN 52K ) 634
1978 188 21t 1 194 277 465 49% 282 KR1 4K3 S33
1979 161 358 130 238 142 J0X 491 265 R 454 w2 TO8
1980 241 287 290 287 75 437 475 562 44 439 470 AX7 S71
1981 160 262 402 458 204 (RE] 47 4849 470 RN 401 RS Sy VA
19%2 176 253 kYR S89 12 287 6 A83 sl S449 26 201 RV
19%3 - 1813 218 182 458 S0 234 L{N] 300} K
1984 - RER} 300 2 421 478 26} 18 90 418 _J




Appendix Table 9

Mcan weight (g) of Atlantic menhaden sampled from the Middle Atlantic area by quarter and age, 1972-84.

Owarter 1 Quarter 2 Quarter 3
Age (yn) Age (v1) Age (yr)
Y ! 2 R} 4 | 2 3 4 S 6 1 2 3 4 R}
1972 AL SK2 hL R 208 il6 612 O%0 753 210 427 607 685 —
1973 20v4 557 742 236 kAL S00 678 -
19 I8RO 176 20 442 IR¥ 294 450 — -
1975 219 ARV 421 hRA 302 417 180 -
1976 83 147 427 131 223 422 S3 129 247 498 730 —
1977 91 3660 465 121 AR 0 407 Ius 694 103 248 342 437 -
1978 198 22 298 ML 271 404 259 330 406 —
1979 IS0 AL X 65 193 287 358 97 -—
1980 1958 299 97 516 440 153 253 329 409 -
1981 127 168 208 214 pRY} 00 a2 140 2558 295 Kyl 537
1982 103 ROM 256 105 237 268 — —
1981 s R 160 223 125 237 293 87 444
1984 91 176 261 397 S84 1 2 32% 432 —
Appendix Table 10
Mean weight (g) of Atlantic menhaden sampled from the Chesapeake Bay area by quarter and age, 1972-84.
Quarter | Quarter 2 Quarter 3 Quarter 4
Age (vr) Age (yr) Age (yn) Age (yn)
Yo | 2 3 4 () | 2 i 4 5 0 1 2 3 4 0 I 2 3 4
1972 134 48 RL1 AN Hoy 149 403 824 Sey 3 140 290 — —
1973 100 189 375 JK() 40 178 238 542 - KA 182 275 — —
1974 30 104 19K R4 45 137 23 415 39 118 - — -
1975 07 153 WX 468 is 93 160 377 . 25 78 146 — -
1976 03 (%} 183 416 78 142 150 21 36 77 167 .- - 76 166 — —
1977 08 150 148 ] 1058 238 36 76 133 237 132 172 405 629
1978 48 104 170 ™ 129 ME} X 98 160 252 - -
1979 Y 143 28 98 148 32 0 ¥R 167 284 - — ~ -
F9R0 127 174 84 (K2} 172 198 4 LR 158 21 231 k1| 68 — -
1981 t0s PR 42 A [ int 27 37 92 148 221 288 - -
1982 74 108 128 K3 129 1560 St i Jok 242 -
198} 0y 101 130 91 126 158 [RU] 15 116 161 172 26 - -
1981 05 106 158 AR} 94 145 193 27 o 162 254 - -
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Appendix Table 11
Mean weight (g) of Atlantic menhaden sampled from the South Atlantic area by quarter and age, 1972-84.

Quarter | Quarter 2 Quarter 3 Quarter 4

Age (yr) Age (yr) Age (yn) Age (yn)
Year t 2 3 4 | 2 3 4 s 0O [} | 2 3 4 S 0 | 2 i 1 S 0O 7 X
1972 77 125 - 700 13 3 94 ISR
1973 61 114 - K2 127 139 1K}
1974 36 166 326 98 170 2R2 17 2N
1975 65 123 208 T3 X2 4K 97 1SS
1976 65 Y9 - S6 1w (B} 78 169
1977 24100 - 41 HY 378 ™ 127
1978 32 R7 148 359 43 107 147 167 SO e
1979 “ 96 180 65 (1118 It 9S 149 216
1980 0 9 -— 40 112 148 - 28 SVo16S 224 30
1981 62 84 13y - 46117150 14y 12 So 144 23
1982 H4 91 122 - SSO105 136 168 293 13 60 134 64
1983 34 74135 117 49 93 145 19§ N 5o 123 174 177 480 0 33732 27T oS 700
1984 R 8s — - 68 112 1S0 It R0 141 1K} 22 A6

Appendix Table 12
Mean weight (g) of Atlantic menhaden sampled during the North Caroling

fall fishery by quarter and age, 1972-84.

Quarter 3 Quarter 4,

Age (yr) Age (yr)
Year 0 I 2 3 4 0 | 2 3 S 6
1972 — 115 339 5§37 27 T8 342 S48
1973 -  — - - 41 168 457  SK|
1974 — 9 — - 262 3 437 476
197 39 70 179 305 89 223 376
1976 25 87 176 - IR 66 310 485 6uN
1977 10 RS 202 - - 2572 208 A2 S
1978 21 52 — — - 29 RS 193 3KS 0SS5
1979 9 151 193 239 23 9% 207 30 418
1980 27 74 192 214 267 2SS 190 427 467 4w 48%
1981 22 84 18§ 203 17 66 147
1982 — 68 194 22 23 73 7 g 420 Jux
1983 4% 75 213 237 — 28 57 197 3§y 2 602
1984 24 70 192 287 =2 SEO 216 ART 424 46l S|4

20

Appendix Table 13
Mean weight (g) of Al menhad pled coastwide by ape, 1972-84.
Age (yn)
Yeur 0 | N 3 4 5 0 7 bl
1972 2 128 130 547 03] OXY
1973 40 156 196 538 08X 074
1974 3 1o 212 453 o7 SK7
1975 30 77 187 d05 SIS 091 054
1976 20 (10 194 415 SIX 509
1977 25 0l 149 368 459 SI3 S97
1978 28 08 142 264) 4067 S13
1979 21 L2 167 126 420 S04 TR
19K0 RA] §7 182 151 441 484 S42
1981 23 ) 144} 268 443 490 R
1982 28 79 (RE3 A0 REH IK7 401 S49
1983 RR] o 141 272 309 473 5060 700
1984 24 8 149 K8 08 450 JKK




Appendix Table 14

Coastwide estimated numbers of Atluntic menhaden (104 caught by purse seine vessels by age. quarter, and vear,

1965-84 (quarters were d before r ding to th d
Ape (v1)
OQuarter 0 | 2 i 4 h] 6 K-10
1965
| 24,594 36482 1981 1.527 59 | -
2 2.044 4729 249,55] 49,0587 6,896 1.238 97 26
3 85,0089 AARTRY R 8X.206 17.0949 3167 514 k1L RV
+4 162.060 24,506 47 00K 6,018 579
Totals 249,119 745,200 421,397 77.755 12,168 1K1 1.215 65
1966
! 21.387 9.088 182 123 —
2 13.171 124,056 173,120 9 %44 1,999 287 54 17
3 203,273 177.016 176 851 15,817 1. 768 KR} AN 18
4 133.008 27.760) 44,477 S.686 - —
Fotals 349,453 550,820 H04. 136 3,699 3,890 R Y 108 36
1967
| 106,046 9,867 -
2 WS, 108 151,282 20947 1.953 252 12 -
i 0949 154262 77.828 29,403 1.020 36
4 67788 26,722 22378 2017 201 -
Totals 6,949 633201 265.607 72718 S.000 489 12 -
1968
| 674978 73.27K 445 . —
2 2i6 M A6y - 290,789 2421 S.(M0 263 48 -
3 41.591 9,787 144,930 24.796 431K 538 14 -
) 112.451 9,166 29,984 K024 1.261 182 -
Totals 154,258 377,364 538,951 05,686 10,675 9K3 58 —
1969
| 41,580 15.601 —
2 2.268 2U8,702 165.0668 18,0604 Y.o6m 150 9 -
) 56.334 X244 72814 16,991 1.279 - - —
4 99 S38 29.607 3,228 12,751 554 - —
Totisls 158,127 172,328 284,300 47.810 SA442 150 9 —
1970
1 TO218 56.79K Y _
2 E 562,968 286,132 18.646 614 — -
i 6,823 228,440 120,291 9,458 1.99] 73 i
4 14,595 9228 10,704 3.0621 1414 39 —
Totals 21418 R70.KS1 473,924 1204 4.019 112 -
1971
| 7.00% 36,787 208 12 -
2 t¥7.410 124,050 Sty 594 HLOSO 947 —_
} 41,781 113,963 153,849 10.050 7.370 1.824
4 .07 4012 9,623 1,377 412 41 —-
Totals 72.K54 263,28 S24.48 KR, 286 17.844 2.512 —
1972
| L7360 21,186 062 LR} — -
2 e 444,020 3136.08K 128,158 13,497 1.675 - —
3 - 454,230 127,993 43,010 S.541 186 — —
4 50,162 52283 2.602 1.235 -— - —
Totals 50,162 981,269 488,409 173,065 19,121 1.861 —
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Appendix Table 14 (Cont’d)

Coastwide estimated numbers of Atlantic menhaden (104 caught by purse seine vessels by age, quarter, and vear,

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

Age (yr)
Quarter 0 1 2 3 4 S 6 7 810
1973
1 20,392 34,267 |
2 129,110 932303 30,159 5,460
3 11,783 370,298 182,392 %453 1.538 A2 X
4 44,196 68,671 1974 17 -
Totals §5.979 SK8 471 1,182 936 IR.0630 7.00:4 k23]
1974
1 54,30 39,149 69
2 5,263 265.7%1 K1S.300 40,695 1ol 1,196
3 t4.874 235,642 105 K0 7,04 838 149
4 295,415 a0.9:46 15,720 K8 40
Totals 315,552 636,678 YRS Y6y 4K.SK6 2498 1,345
1978
1 28,999 102,153 1.712 -
2 46,071 761,003 AS.817 5.508 200 101
3 69,478 243,043 197 866 11,594 1,120 -
4 229,162 101,650 25,508 1,122 -
Totals 29%.640 719.963 1,086,527 50,245 6.628 200 101 -
1976
1 108,892 104,100 55 -
2 - BIR.021 L2096 24,608 7.050 277
3 RRICEY} 594,779 297,570 17,306 741 -
4 240.750 60,268 17,499 5,937 158 -
Totals 274234 1,611,960 1,341 O8RS 47,966 7.949 277 -
1977
1 123,384 235,520 15,203 4,963 -
2 343,760 1.188.714 49,088 9,146 1.236 [0 —
3 4.34] 394,103 020,464 14,608 3473 169 12
4 480,282 143,291 41,062 4,594 220 -
Totals 484,623 1,004,538 2.1K.765 83,460 17.802 1.405 (1K)
1978
t - 30,019 124,086 22,954 76
2 - 250,559 1,209,137 180, 41) 18,159 2,281 - -
3 131.037 270,301 295.19% 42,611 5.721 641 —
4 126,376 113200 42,490 12,145 6,930 5SS - -
Totals 457413 664,088 1.670,911 258,121 RINE. () 3477 — - —
1979
i — 15.628 144,138 S8 — - -
2 1.223 141 879 1,075,504 71,567 12.619 1,325 - —
3 15.012 385.538 339,901 42,980 6.671 145 93 —
4 1.476.227 80.091 43,745 7.502 2,468 ~
Totals 1.492.462 623,136 1,603,288 127.926 21,758 1,470 93 -
1980
1 - 127,442 84,282 13,128 208 - —
2 - 349,624 1.020,059 145 881 36,675 6.817 574 B -
3 7.967 TR 873 323,598 47,392 22,431 4.99% - 398 -
4 8(),323 202,119 30,298 16,311 9917 2,541 466 -—
Totals R, 240 1478058 1,458,234 2212 69.228 14,356 1,438




Appendix Table 14 (Cont’d)
Coastwide estimated numbers of Atlantic menhaden (103) caught by purse scine vessels by age, quarter, and year,
1965-84 (quarters were 1 before r ding to ds).
Age {yr)
Quarter ¥ ! 2 3 4 A [ 7 8-10
1981
1 K. 180 141,878 42,447 1.822 590 - -
2 S58 Q0K.558 1.192 587 119,655 40,144 13,444 1.047 —
3 193,442 308693 426,211 40,009 5.505 1.333 227 -~ —
4 993,574 173,234 S1.086 - - - —
Totals 1. 187.574 OYR.06S 1.811.462 222201 47471 15.373 1.274 - —
1982
| 25,961 204,181 76180 279 93 —
2 nd S 1,173,062 228,657 10,255 4.800 528 32 —
i 12411 UK. 25K M. 170 60,273 2141 -~
1 101,647 130,704 hXNIiY) 14.549 3.053 RRO - -—
Totals 114,108 919,137 1.739 550 179,668 16,328 5.779 S8 321 ~
1983
1 8,049 MR 2708 610 -~
2 180,174 1 459 K87 S6.347 12,459 1.661 229
3 227 141.717 553,818 200111 6K 24y —
- TH.O6K3 186 377 S9.924 15184 37426 1.298 462
Totls 964 315 $17.217 2.293 064 114,347 47,09 5.008 229 462
1984
1 12.056 S9.083 R.249 -
2 5.682 119,078 S39.4%0 165.027 19,369 5,707 14) —
3 279,864 211,382 278 R84 65,177 7.599 2,330 - -
4 1.008.707 461.052 14,642 348 N7 7.170 RIM — -
Totds 1,294,223 1024 165 KY2.089 271,501 50339 15.207 s12
23
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