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INTRODUCTION

At the 10 October 1985 meeting of the Atlantic Menhaden Management
Board (AMMB), the Atlantic Menhaden Advisory Committee (AMAC) was given
several specific tasks:

1. Update the FMP database, including regulations and maps
showing state-by-state closure areas

2. Evaluate the effects of various management actions

3. Prepare an RFP for a coastwide socioeconomic impact
study (Appendix A)

4, Monitor the status of ulcerative mycosis (Appendix B)

This report concerns all of these items as well as a new stock
assessment of Atlantic menhaden.

DATABASE UPDATE

The AMAC has reviewed and revised the data contained in the 1981
FMP through 1985 (some data available only through 1984). Major changes
have occurred in the Atlantic menhaden industry since 1981.
Considerable research has also been accomplished on the resource and the
fishery during the 1981-1985 period. The cooperative interstate
management program has aided in this work, especially through
implementation of the Captains Daily Fishing Report system.

Comments on the revised tables and figures are followed by the
tables and figures in the same order in which they appear in the 1981
FMP plan.

There have been numerous regulatory changes affecting the menhaden
fishery, such és area closures and establishment of seasons. A tabular
summary of current rules (December 1985) follows the revised tables and

figures.



Since 1981 a number of areas have been closed to menhaden purse
seine fishing along the Atlantic Coast. These closures were not
recommended by the AMAC or the AMMB. A series of maps follows the
regulatory summary. The maps show the areas in each state which were
closed to menhaden fishing as of 31 December 1985.

Using the most recent data available, a complete stock assessment
of Atlantic menhaden was conducted by NMFS in 1985. An executive
summary of the assessment follows the maps.



Revisions to Tables and Figures in Fishery Management Plan for Atlantic

Menhaden,

Brevoortia tyrannus (Latrobe) by the Atlantic Menhaden

Management Board, August 1981:

Table 1.1

Figure

1.4

Table 1.2

Table 1.3

Table 1.4

Table 1.5

Figure

Figure

Figure

Figure

1.5

1.6

1.7

1.8

Landings (thousands of metric tons) by area and coastwide
have been revised to include additional fishing seasons
1981-1985. The North Atlantic area was combined with the
Middle Atlantic and Chesapeake Bay areas after 1981 to
maintain confidentiality due to closure of the Port
Monmouth, NJ, plant after the 1981 fishing season. The
South Atlantic and North Carolina Fall fishery areas were
combined in 1985 to maintain confidentiality due to the
closure of Standard Products Inc.'s, Beaufort, NC, plant
during the 1985 North Carolina Fall fishery.

Locations and purse-seine Tandings by landing areas have
been revised to reflect the period from 1980-1985 instead
of 1975-1980.

The number of purse-seine vessels that landed Atlantic
menhaden during the fishing season by area has been
revised to include additional fishing seasons 1981-1985.

Atlantic menhaden nominal fishing effort (vessel weeks) by
area has been revised to include additional fishing
seasons 1981-1985.

Estimated numbers of Atlantic menhaden by age landed by
purse-seine vessels and total weight landed have been
revised for fishing seasons 1965-1980 and include
additional fishing seasons 1981-1985.

Estimated number of Atlantic menhaden spawners, number of
eggs produced, and number of fish recruited at age-1 have
been re-estimated for the 1955-1976 year classes and
estimated for the 1977-1981 year classes.

Data from the revised Table 1.5 are used to estimate a new
spawner-recruit re]ationship' instead of data from the
original Table 1.5. ’

Atlantic menhaden mean weight at ages 1, 2, and 3 have
been revised to include additional fishing seasons
1980-1984.

Atlantic menhaden purse-seine landings and forecasts have
been updated to include additional fishing seasons
1981-1985. '

Forecast of Atlantic menhaden purse-seine landings are
presented for the 1986 fishing season instead of for the
1981 fishing season.



Figure 1.9

Figure 1.10

Figure 1.11

Table 1.6

Table 1.7

Table 4.1

Table 4.2

Table 4.3

In addition to extending the percent contribution of late
age-2 spawners to the total spawning stock in numbers from
1976 to 1984, this figure also gives the percent
contribution of eggs from late age-2 spawners to total egg
production for years 1955-1984.

In place of catchability coefficients calculated by aver-
aging exploitation rates over ages 1-5+ and ages 2-3 for
fishing years 1955-1976, annual catchability coefficients
are calculated based on the starting population on March 1
and catches of ages 1-5+ for fishing years 1955-1982.

Instead of presenting the overall yield-per-recruit for
the 1974-1976 fishing seasons, this figure presents the
overall yield-per-recruit for the 1981 fishing season.

In place of an array of yield-per-recruit (expressed as
percent of current yield-per-recruit) for the 1974-1976
fishing seasons, this new table presents yijelds-per-
recruit (again expressed as percent of current yield-per-
recruit) for the 1976-1978, 1979, 1980, and 1981 fishing
seasons. In place of F-multiples ranging from 0.5 to 1.5
in increments of 0.25, the new table ranges from 0.2 to
1.8 in increments of 0.4. Also, in place of ages at entry
of 0.5, 1.0, 1.5 and 2.0, the new table uses ages at entry
of 0.5, 1.0, 2.0 and 3.0.

In place of yield-per-recruit by area and overall for the
1974-1976 fishing seasons, the new table presents
yield-per-recruit by area and overall for 1976-1978, 1979,
1980, and 1981 fishing seasons. Also included in both
tables is percent change in yield-per-recruit for the same
set of increasing ages at entry (1.0, 1.5, and 2.0 years).

The data indicates a sharp decline in the harvesting
sector of the summer fishery associated principally with
the closure of the Port Monmouth, NJd, plant after the 1981
season. Further significant reductions occurred in
1984-85 with the closure of the Southport, NC, plant and
fleet reductions in Chesapeake Bay. similar reductions
have occurred in the fall fishery in North Carolina, where
the 1985 fleet was 79% below the size of the 1980 fleet,
with a hold capacity 87% below that of 1980.

This processing capacity represents the eight reduction
plants available in 1985, a reduction of three plants from
1981.

The revised data show the continued reduction in the
number of operating Atlantic Coast menhaden plants, from
eleven during 1975-81 to seven in 1985. The footnotes to
the table indicate the decline from seven plants wholly
dependent on menhaden during 1973-81 to five in 1985.



Table 4.4

Figure 4.1

Figure 4.2

Figure 4.3

In place of landings by three principal areas for 1972
through 1980, the new table presents landings by two
principal areas for 1976-1985. Landings from Long Island
to Cape Hatteras had to be combined with landings north of
Long Island to maintain confidentiality of landings data.
Mean landings by area reflect those years presented in
this table.

In place of monthly landings for the 1978, 1979 and 1980
fishing seasons, this figure presents monthly landings for
the 1983, 1984 and 1985 fishing season. December and
January landings in the 1985 fishing season had to be
combined to maintain confidentiality of landings data.

Atlantic menhaden purse-seine iandings have been revised
to include additional fishing seasons 1981-1985.

In place of purse-seine Tlandings by four areas for 1940-
1980 fishing seasons, this figure presents purse-seine
landings for three areas for 1940-1984. The North
Atlantic area was combined with the Middle Atlantic and
Chesapeake Bay areas to maintain confidentiality of
landings data.



Table 1.1. Atlantic menhaden purse seine landings by area, 1940-1985

6
North Middle Chesapeake  South North Carolina
Year Atlantic Atlantic Bay Atlantic Fall Fishery Total
---------------------- Thousands of metric tons e
1940 16.8 91.1 35.3 37.9 36.6 217.7
1941 33.5 104.1 60.2 45.2 34.9 277.9
1942 14.6 77.7 21.9 32.9 20.1 167.2
1943 9.8 96.8 42.1 59.7 28.8 237.2
1944 27.5 122.6 32.2 46.9 28.7 257.9
1945 34.0 136.4 35.1 58.5 31.9 295.9
1946 42.9 183.8 57.6 40.8 37.3 362.4
1947 44,2 185.8 8l.2 34.2 32.9 378.3
1948 44,4 137.4 68.3 55.8 40.6 346.5
1949 52.2 149.8 62.8 59.3 39.7 363.8
1950 49.3 143.0 63.1 20.0 21.8 297.2
1951 51.0 168.6 56.1 54.6 31.1 361.4
1952 58.1 193.7 45,7 86.0 26.4 409.9
1953 59.7 363.2 77.8 52.8 39.7 593.2
1954 64.9 335.7 126.0 39.6 41.9 608.1
1955 83.3 317.6 132.7 43.4 64.4 641.4
- 1956 98.5 378.3 94.0 68.6 73.7 712.1
1957 83.5 304.5 126.0 36.4 52.0 602.8
1958 36.0 211.1 151.3 41.3 70.3 510.0
1959 66.0 250.9 196.8 63.1 82.3 659.1
1960 66.4 256.0 108.5 36.7 62.2 529.8
1961 58.6 274.6 128.7 44,1 69.9 575.9
1962 64.7 249.9 155.1 42.2 25.8 537.7
1963 35.2 111.7 104.0 34.2 61.8 346.9
1964 15.0 35.2 134.1 46.5 38.4 269.2
1965 11.9 45.8 126.1 36.7 52.9 273.4
1966 1.8 6.0 115.6 24.5 71.7 219.6
1967 0.0 17.1 9l1.1 34.1 51.2 193.5
1968 6.7 26.2 115.5 33.6 52.8 234.8
1969 2.9 12.4 72.0 32.8 41.3 161.4
1970 4.3 11.5 182.9 42.4 18.3 259.4
1971 10.4 23.0 170.7 38.3 7.9 250.3
1972 14.5 54.6 245.5 45.9 5.4 365.9
1973 29.9 277.4 1/ 37.2 2.4 346.9
1974 35.8 194.8 45.9 15.7 292.2
1975 23.1 149.8 59.5 17.8 250.2
1976 28.4 243.3 50.7 18.1 340.5
1977 15.0 244.1 49.8 32.2 341.1
1978 31.4 214.1 60.3 38.2 344.0
1979 29.4 230.7 61.6 54.0 375.7
1980 29.7 282.8 53.2 35.8 401.5
1981 21.8 215.9 1/ 79.1 64.5 381.3
1982 293.1 58.8 30.5 382.4
1983 318.9 31.3 68.4 418.6
1984 238.6 19.0 68.7 1/ 326.3
1985 287.7 19.0 306.7

1 combined to retain confidentiality of landings data.



e Multi-species plant
e Large plant

1985
289,300
- 94.3%
ST
New England and 17,360
........... Florida 5.7%
TOTAL 306,660

Five-year
average

(1980-1984)

344,500

90.2%

37,500
9.8%

382,000

Figure 1.4 Locations of Atlantic menhaden processing plants and
purse-seine landings (MT) by landing area.



Table 1.2. Number of purse-seine vessels that landed Atlanti

the fishing season by area, 1955-198s5.

8

¢ menhaden during

N.C.

Fishing North Middle Chesapegke  South 5 . Fall
Season Atlantic Atlantic Bay Atlantic Total Fishery
1955 39 48 20 34 150 51
1956 40 47 24 30 149 63
1957 33 46 25 31 144 64
1958 23 44 28 26 130 63
1959 34 45 31 25 144 59
1960 19 47 22 20 115 37
1961 21 47 23 20 117 44
1962 20 47 29 15 112 49
1963 10 46 36 16 112 46
1964 9 37 38 16 111 51
1965 6 13 38 19 84 46
1966 5 10 36 16 76 43
1967 0 4 32 16 64 46
19568 2 4 25 16 59 45
1969 3 4 22 16 51 36
1970 4 1 18 11 54 37
1971 5 2 20 11 51 32
1972 9 4 19 11 51 5
1973 10 6. 23 11 58 4
1974 12 6 22 12 63 12
1975 9 5 22 14 61 17
197¢ 12 4 21 12 62 13
1977 12 5 24 10 64 16
1978 13 5 22 11 53 18
1979 11 4 22 13 54 18
1980 5 6 24 12 51 19
1981 8 7 23 13 57 19
1982 9 0 22 8 47 18
1983 7 0 24 10 41 17
1984 - 6 0 26 6 38 12
1985 1 0 18 5 24 3

years are mostly trawlers

that convert to purse seiners in summer. Some fish regularly and others

Vessels that fish only in regular season.
in October or November.

Does not include vessels added

Includes only vessels that landed regularly in the summer fishery.

Includes all vessels that landed fish during the year.



Table 1.3. Atlantic menhaden fishing effort (vessel weeks) by area,

1955-1985. Area: North Atlantic (1); Middle Atantic (2);

Chesapeake Bay (3); South Atlantic (4); and North Carolina

Fall fishery (5).

Area

Year 1 2 3 4 5 Total
1955 523 990 467 484 328 2,792
1956 557 929 468 545 384 2,883
1957 417 1,056 533 476 295 2,777
1958 273 788 556 387 373 2,377
1959 411 953 668 509 306 2,847
1960 324 952 430 299 179 2,184
1961 302 1,031 498 391 226 2,448
1962 330 1,024 593 335 114 2,396
1963 255 843 685 295 280 2,358
1964 140 378 788 288 213 1,807
1965 96 300 797 354 258 1,805
1966 38 100 818 248 208 1,412
1967 0 131 763 259 222 ' 1,375
1968 22 115 603 259 212 1,211
1969 38 120 514 166 152 990
1970 30 59 499 174 144 906
1971 86 79 505 171 54 895
1972 87 97 552 208 28 972
1973 135 118 630 208 13 1,104
1974 153 124 591 232 43 1,143
1975 143 95 614 282 81 1,215
1976 142 123 574 249 74 1,162
1977 116 130 667 197 129 1,239
1978 112 113 588 268 129 1,210
1979 98 95 579 271 155 1,198
1980 67 129 638 226 98 1,158
1981 84 137 552 247 113 1,133
1982 136 0 534 202 76 948
1983 102 0 585 151 157 995
1984 102 0 580 98 112 892
1985 18 0 493 46 20 577
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Table 1.5. Estimated number of Atlantic menhaden Spawners, number of eggs
produced, and number of fish recruited at age 1 for the 1955-198]

year classes.

Estimated No. Estimated Ng. Number of
Year of Spawners of Eggs Produced Recruits at Age 1
Class (in millions) (in trillions) (in millions)
1955 1891.8 214.0 5604.6
1956 1368.2 148.5 7145.7
1957 719.3 84.9 3264.5
1958 547.1 58.1 14773.2
1959 1295.7 89.1 2164.6
1960 792.3 76.5 2960.9
1961 2956.8 155.8 2210.7
1962 1293.1 106.6 2222.8
1963 425.9 37.4 1753.9
1964 255.1 21.4 1939.2
1965 186.1 13.8 1430.8
1966 116.1 7.6 2000.9
1967 214.7 17.0 1209.3
1968 172.5 12.9 1710.8
1969 139.1 10.5 2610.5
1970 151.7 11.7 1379.2
1971 214.7 15.0 3562.1
1972 296.4 25.7 2792.1
1973 76.0 7.0 3096.0
1974 90.6 5.7 3864.7
1975 117.0 7.1 6964.0
1976 159.8 8.1 5254.5
1977 254.1 12.2 4810.1
1978 571.2 19.5 4340.0
1979 530.3 18.8 6879.6
1980 643.1 26.0 4849 .4
1981 516.0 20.8 6489.0
1982 799.4 19.5 NE
1983 514.8 16.7 NE
1984 697.8 25.9 NE

(NE = Not Estimable)
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Figure 1.5 Atlantic menhaden Spawner-recruit relationship,
1955-1981.

300



13

"#861-GG6T ‘€ pue ‘g ‘7
sabe e (Po3ybLam) 1yblem uesw Uspeyusw osLjue|3y g1 34nbl 4

dv3A

VY86l 086L 9.6L 2.6l 896L  V¥96L 0961 9G6L
J T ! T T ! ! 1

| -aby

\

00¢

0]0) 2

009

(6) LHOITM



14

"S3SBO3404 pue sbulpue| autds-asand uspeyusw dL3uR|Iy /'] odnblq

SHV3IA

vamowwNON v ¢, 0. 89 99 ¥9 29 09 8S 9661
[ LA B B B B s ey U L B D B B LA B e e LA DL |

LT T Speuisysessioy | pojewysg ———— .hoo—
¢ocw
Hooe
~oor
Hoos
Hoog

1004

SONIGNVYT 3NI3S-3SHNd NIAVHNIW OILNVILYV -008

(SUO} OL1leW 4O SPUBSNOYL) SHNIANY T



15

1U0S®3S 986T BY3 U0y sBuipue| SUL9S-3sund Uspeyudl dL3uR[JY JO 3SEIBUO g'l aunb 4

(S}eom—|assan)

140443
008 OON OO@ Oom Oo.v Oom \\P
j
(Mmouie) '
Poleolpul Loy ayy
YHM yojeo jo ejew}sy 4001
|8A8] 8oUaplUOD 940g ———- T
Hoye Buibueyo yym —— -~ Jooz
yojeod jo ajewnsy \\0\
| __—— Hooe
o]0 #
Alaysi4

auleg-oas.ing
onuepy 1008

(Suo} o1jaw jo spuesnoyy)
9861 HO4 HOLVO @31oIa3yd



16

"¥861-GG6T ‘uspeyusw dLjue|ly 0 (s669) uoLjonpoud 653 |e303 03 pue

(s49quny) ¥003s bBulumeds |[e303 03 (%) sdsumeds z abe 83e| 4O UOLINGLAJUO) "' 84nBlL4
dV3A
vmmP ow_mr mn_m— ¢i6L 896L $961L 0961 9661
I | | | |

sJaqunp

0]o]

¢—-39V 1V
ADOLS ONINMVCS 40 LN3DOH3d



17

'¢861-5961 “49p|0 pue T sabe e uspeyusw dljuR[ly 4o

(199M-[3SS3A uad A1 |e3douw butysty) qustarygson A3L1Lqeyogey "01°T ®4nbi4
dV3A ONIHSIH
y86L 086L 9.61 2.6l 896L +96L 096L 9561
| | I | | | | I
¢000°0
Y0000
90000
-18000°0
L

AIN3I10144300 ALINIGVHO1VYD



18

80-
P
o))
Sz
=
>
o
O
w
oc
o
Ll
(o
(@]
-l
L
>
Figure 1.11.

1
14 18

|
1.0

l
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Overall yield-per-recruit of Atlantic menhaden under
current conditions (F—mu]tip]e of 1.0 and age at entry
of 0.5) using average fishing mortality values by
quarter for the 1981 fishing season.



Table 1.6. Yield-per-recruit for the Atlantic menhaden fishery based on

- 19
average fishing mortality (F-multiple = 1.0) for the 1976-1978,
1979, 1980, and 1981 fishing season at an array of ages at entry

and F-multiples, expressed as percentages of current yield-per-recruit.

Percent Y/R at F-multiple
Age at Entry

0.2 0.6 1.0 1.4 1.8

1976-1978 Fishing Seasons

3.0 , -22 21 30 32 33
2.0 -12 16 15 13 12
1.0 -13 9 5 0 -4
0.5 -13 6 (58.629)* -6 -11

1979 Fishing Season

3.0 -50 -7 8 14 18
2.0 -3 9 17 18 18
1.0 -31 6 11 10 8
0.5 =32 0 (53.04g)* -5 -10

1980 Fishing Season

3.0 -28 14 25 29 31
2.0 -17 13 14 13 12
1.0 -18 5 1 -4 -9
0.5 -18 4 (53.84q)* -6 -10

1981 Fishing Season

3.0 -2 36 41 41 41
2.0 -2 18 13 8 4
1.0 -2 15 9 3 0
0.5 -3 9 (45.95g)* -7 -13

* Base value for calculation of percentage change.



Tabic 1./. Percent change in yield-per-recruit by area and for the overall

Atlantic menhaden fishery at ages of entry of 1.0, 1.5, and 2.0,

20

compared with yield-per-recruit (g) under the current age at entry

(0.5), at average fishing mortality rates for the 1976-1978, 1979,

1980, and 1981 fishing seasons.

Age at Entry

Area 0.5 1.0 1.5 2.0
Current (g) Change (%)
1976-1978 Fishing Seasons
North Atlantic 8.14 8 22 41
Middle Atlantic 8.53 8 21 36
Chesapeake Bay 26.57 8 12 11
South Atlantic 12.15 8 -10 -2
N.C. Fall Fishery 5.14 -26 -16 -47
Entire Fishery 58.62 5 10 15
1979 fFishing Season
North Atlantic 9.23 20 25 48
Middle Atlantic 3.29 20 26 48
Chesapeake Bay 24.39 20 21 8
South Atlantic 8.29 20 14 33
N.C. Fall Fishery 6.90 -43 -40 -55
Entire Fishery 53.04 11 13 17
1980 Fishing Season
North Atlantic 6.72 2 10 41
Middle Atlantic 2.08 1 oo 40
Chesapeake Bay 33.51 2 6 10
South Atlantic 6.98 2 -10 8
N.C. Fall Fishery 5.04 -5 4 -4
Entire Fishery 53.84 1 5 14
1981 Fishing Season
North Atlantic 7.72 17 23 44
Middle Atlantic 1.98 17 23 44
Chesapeake Bay 17.74 15 15 16
South Atlantic 11.95 16 4 9
N.C. Fall Fishery 9.28 -21 i -17 -46
Entire Fishery 45.95 9 10 13
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Table 4.2. Calculated processing capacity (MT) of eight reduction plants
available during the 1985 purse seine fishery.

22

Hourly rate Weekly ratel/ 2/

Season

361 21,660 541,500

1 Weekly rate = 12 hours per day times 5 days

2 Season = 25 weeks
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Figure 4.3.
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MAPS OF PROHIBITED AREAS

(Darkened areas on the following maps indicate those areas
in which menhaden purse seine fishing is prohibited)
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A Stock Assessment of the
Atlantic Menhaden, Brevoortia tyrannus, Fishery

Douglas S. Vaughan and Joseph W. Smith

Executive Summary

A stock assessment of the Atlantic menhaden, Brevoortia tyrannus,

fishery was conducted with purse-seine landings data from 1940-1984 and
port samp]ing data from 1955-1984. Virtual population analysis was used
to estimate stock size, year class size, and fishing mortality rates.
These data were analyzed to determine growth rates, maximum sustainable
yield (MSY), spawner-recruit relationships, and yield-per-recruit. A
detailed study of the biological consequences of a shortened fishing
season (Option 7) was made using a yield-per-recruit approach.

Landings and fishing effort rose from 1940 to highs during the
1950s. A rapid decline in landings during the 1960s, with a lagged
decline in effort, was followed by a gradual rise in landings during the
1970s and early 1980s with little change in fishing effort. During the
period studied, an average of 25% of age-1 fish and 65% of age-2 and
older fish were taken by the fishery, while 30% and 20% respectively,
were lost to natural causes annually.

Annual estimates of growth in fork length (mm) were determined for
fishing years 1955-1984 based on the von Bertalanffy growth equation.
Area-specific growth rates in length also were calculated for later use
in the yield-per-recruit analyses. Weight (g) as a function of fork
length was calculated annually for the fishing years 1970-1984, with the
mean parameters giving the following relationship:

ln W=-12.1 + 3.2 1In L.
Trends in observed weight at age for the period 1970-1984 showed a
decline. This is due in part to a shift of the center of fishing
southward to smaller fish of the same age, and in part due to an inverse
relationship noted between first year growth and year class size.

Surplus production models were employed to obtain estimates
of maximum sustainable yield. Nominal fishing effort was adjusted to
obtain effective fishing effort based on the pronounced inverse
relationship between the catchability coefficient and population size.
Estimates of MSY ranged from 450,000 to 490,000 metric tons (mt)

depending on the underlying surplus production model used.
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Recruitment to age-1 on March 1 ranged from 1.2 to 14.8 billion
fish for year classes 1955-1981. Recruitment was generally high for the
1955-1958 year classes (averaging 7.7 billion age-1 recruits), followed
by low recruitment for the 1959-1974 year classes (averaging 2.3 billion
age-1 recruits), and high recruitment for the 1975-1981 year classes
(averaging 5.7 billion age-1 recruits). The high average recruitment of
the 1955-1958 year classes comes primarily from 14.8 billion recruits of
the 1958 year class. Although Ricker spawner-recruit curves were found
to be marginally significant for the Atlantic menhaden population, there
was considerable scatter about fitted spawner-recruit curves due to
environmental conditions. The continued dominance of late age;Z
spawners within the spawning stock is of concern. A change from recent
favorable environmental conditions could 1lead to several poor
recruitment years and place the stock at risk.

Annual yield-per-recruit estimates were obtained for an array of
fishing mortalities and ages at entry. For historical conditions
(F-multiple of 1.0 and age at entry of 0.5 years), estimates of
yield-per-recruit ranged from 45.95 g during the 1981 fishing year to
58.62 g during the 1976-78 fishing years. Increasing age at entry (at
least to age-2) always would lead to an increase in yield-per-recruit.
Increasing or decreasing the F-multiple (or rate of fishing) often would
lead to a decrease in yield-per-recruit.

An analysis was conducted of the potential effect on yield by
adoption of the Atlantic Menhaden Management Board (AMMB) recommended
reduction of the fishing season by fouf weeks in each reporting area

(Option 7). Opening and closing dates proposed for each area were:

Reporting Area Opening Period Closing Period
North Atlantic 05/17 - 05/23 10/04 - 10/10
Middle Atlantic 05/17 - 05/23 10/11 - 10/17
Chesapeake Bay 05/17 - 05/23 11/08 - 11/14

South Atlantic and
North Carolina
Fall Fishery 04/12 - 04/18 12/13 - 12/19

Six of the fifteen member states within the Atlantic States Marine

Fisheries Commission (ASMFC) have adopted the shortened season option.
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An updated yield-per-recruit analysis showed coastwide gains in
yield-per-recruit that would have occurred if Option 7 had been in place
(Table 1). The increased yield-per-recruit ranged between 10.2% for the
1979 fishing season and about 0.5% for the 1980 and 1981 fishing
seasons. The 1976-78 fishing seasons produced an intermediate gain of
2.9%. Large numbers of age-0 fish were landed in both 1979 and 1981,
but most of the age-0 fish landed in 1981 were landed before Option 7
would have closed the fishery. Few age-0 fish were landed during the
1980 fishing season.

Estimates of yield-per-recruit were also made with the assumption

that greater numbers of age-0 fish were killed than were estimated from
the landings (as by net escape or bias in calculating numbers at age for
the fall fishery). If twice as many age-0 fish were killed in 1979 than
were estimated in the 1979 landings, then the potential gain from Option
7 would be 19.1% (Table 1). If four times as many age-0 fish were
killed, -then the potential gain would be 33.8%. Conversely, for the
1980 and 1981 fishing season when few age-0 fish were caught after the
closure dates and even with four times as many age-0 fish killed as
estimated in the landings, the potential gain would only be between 1.0
and 1.8%.

The implication of these results for management is that there would
be little gain to the stock for those fishing years when age-0 fish are
landed in quantity prior to the proposed closing dates. In fishing
years when the age-0 fish are not generally available until after the
proposed closing dates, Option 7 would allow potentially large gains to
accrue to the stock and to the fishing industry. Note that age-0 fish
may contribute significantly to the landings in some years. Thus, a
significant short term loss to the North Carolina Fall fishery may occur
for those years when large numbers of age-0 fish would have been caught
after the Option 7 closing dates.

Current levels of recruitment could have produced annual yields of
Atlantic menhaden of approximately 470,000 mt since 1975 compared to an

. observed average of 356,000 mt, although yields averaging between
375,000 and 400,000 mt are more realistic. The modern fishery has a
high dependency on pre-spawners (age-2 and younger fish), so 1large
fluctuations in year-to-year availability and catches are to be
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expected. To increase yield and enhance the stability of the resource,
it is desirable that the number of age classes contributing signifi-
cantly to the fishery be increased. This would create a buffer against
future poor recruitment years, and dampen the year-to-year fluctuations
in landings.



Table 1. Percent change in yield per recruit by fishing areas and for the 46

entire Atlantic menhaden fishery for the 1976 through 1981 fishing

years resulting if Option 7 had been in effect. The multiplicative
factors, described in the text, increase the numbers of age-0 fish

assumed caught or killed by the purse-seine fishery. '

Fishing Multiplicative Factor
Area 1.0 1.5 2.0 4.0

1976-1978 Fishing Years

North Atlantic 18.1 20.1 22.4 31.6
Middle Atlantic 2.5 4.4 6.4 14.4
Chesapeake Bay 5.2 7.3 9.3 17.5
South Atlantic 7.2 9.4 11.5 19.8
North Carolina
Fall Fishery -45.9 -46.3 -46.6 -47.5
SA + NCFF -8.6 -8.9 -9.2 -10.2
Entire Fishery 2.9 4.0 5.1 9.5
1979 Fishing Year
North Atlantic 23.0 32.8 42.7 81.9
Middle Atlantic 2.7 11.2 19.2 '52.3
Chesapeake Bay 20.8 30.4 40.1 78.4
South Atlantic 21.2 30.8 40.6 78.7
NC Fall Fishery -49.7 -55.7 -59.7 -67.3
SA + NCFF -11.0 -13.4 -15.2 -19.7
Entire Fishery 10.2 14.8 19.1 33.8
1980 Fishing Year
North Atlantic -0.1 0.3 0.6 2.2
Middle Atlantic 6.7 7.3 7.8 9.1
Chesapeake Bay 1.9 2.3 2.6 4.0
South Atlantic 3.7 4.0 4.4 6.2
NC Fall Fishery -20.4 -20.7 -21.1 -22.1
SA + NCFF -6.4 -6.5 -6.7 -6.7
Entire Fishery 0.6 0.8 1.0 1.8
1981 Fishing Year
North Atlantic -0.1 0.3 0.4 1.7
Middle Atlantic 1.5 2.2 2.3 3.6
Chesapeake Bay 1.1 1.4 1.6 2.6
South Atlantic 1.2 1.5 1.7 2.7
NC Fall Fishery -3.0 -2.9 -2.8 -2.7
SA + NCFF -0.7 -0.6 -0.6 -0.5
Entire Fishery 0.4 0.5 0.6 1.0
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EFFECTS OF MANAGEMENT ACTIONS

Management actions affecting Atlantic menhaden and its fishery
originate from many directions. Such actions come from state
legislatures, fisheries agencies, and environmental agencies and various
federal agencies in response to economic conditions (local, national,
international, recreational and coastal development conf]icts and
environmental conditions). The companies have responded in various ways
to these forces.

The mission of the state and federal agencies is to define and
protect public interests in the resource and habitat producing the
resource. Public interest includes maintenance of the habitat and
resource for long-term production and other uses and utilization of the
habitat and resource for economic and social purposes. The public and
private needs are dynamic, with continuing discussion and refinement of
needs and actions. The goal of the cooperative state-federal-industry
menhaden effort is to conduct a program for utilization of Atlantic
menhaden that is biologically, economically and sociologically sound and
which protects the resource and its users.

The Atlantic menhaden fishery management plan, as approved by the
AMMB and the ASMFC in 1981, contains the long-term objective (p. 111)
“Achieve the greatest continuing yield for each area by determining the
age at which menhaden should be harvested and eliminating other
restrictions which do not contribute to the management goals." Laws and
regulations existing in 1981-82 are still in place and "new" ones have
been enacted which conflict with the long-term objective, the Option 7
shortened season recommendation, and do not contribute to the ASMFC
coastwide management plan for Atlantic menhaden.

The major state actions which go beyond the 1981 FMP and the Option
7 recommendation are area closures in New York, New Jersey, Delaware,
and North Carolina. These closures, in conjunction with national and
international economic factors, have seriously affected the viability of
the Atlantic menhaden fishery in spite of improved stock conditions.
Since 1981, plants have closed permanently in New Jersey and North
Carolina. Another North Carolina plant did not fish during Fall, 1985.
One of the two Virginia companies has stated that it may not participate
in the Atlantic fishery in 1986. Recreational and coastal development
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interests continue to press for additional restrictions beyond those of
the AMMB or AMAC.

We emphasize that these restrictions, though frequently presented
under the guise of conservation, have little relationship to actual
stock condition as presented in the 1985 NMFS stock assessment report.

We strongly recommend that participating states take the steps
necessary to assure that their regulations or Taws are consistent with
the management plan. We ask that the fishery directors of those states
which have declared an interest in management of Atlantic menhaden
provide the AMMB with a listing of the existing regulations and laws
pertaining to Atlantic menhaden fishing within their jurisdictional area
along with a statement on the rationale for each action. The
AMMB/AMIS/AMAC  should review that compilation and comment as
appropriate. Also, we recommend that each state director refer any
pending or future regulation or statute (bi11) which bears upon the
Atlantic menhaden fishery to the AMMB for comment. This procedure would
use the ASMFC institutional framework, assure consistency in management
measures among the coastal states, and try to reduce or eliminate those
existing regulations and statutes which are not consistent with the plan
and management actions approved by the ASMFC and AMMB.



APPENDIX A

SOCIOECONOMIC IMPACT STUDY
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SOCIOECONOMIC IMPACT STUDY

With the assistance of Drs. James R. Waters (NMFS), Michael K.
Orbach and Vito J. Blomo (both of East Carolina University) a draft
Request for Proposal (RFP) has been prepared. We estimate a study of 12
to 18 months with cost not to exceed $60,000. A study was conducted in
North Carolina in 1983. A study is needed in all areas at the same time
to produce a comparable database and estimate management impacts.
Neither the state agencies nor NMFS can supply the data needed to update
the socioeconomic database (1977-78 period) included in the 1981 FMP.
The proposed study is necessary to update that database. The RFP
follows.
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REQUEST FOR PROPOSAL
FOR
A COASTWIDE STUDY OF THE SOCIO-ECONOMIC ASPECTS OF THE ATLANTIC MENHADEN
FISHERY, AND ANALYSIS OF THE SOCI0-ECONOMIC IMPACTS OF SELECTED PUBLIC
AND PRIVATE SECTOR MANAGEMENT DECISIONS AND ALTERNATIVES
1. Background and Need

The Atlantic menhaden fishery is the largest fishery on the
Atlantic Coast. The combined fisheries for Atlantic and Gulf menhaden
account for over 45% of the marine finfish and shellfish landings of the
United States. The fishery is characterized by highly efficient harvest
and processing procedures, with vessels, processing plants, and
marketing under the control of vertically integrated companies. The
major products, meal, oil, and solubles, are involved in national and
international trade.

In 1981 the Atlantic States Marine Fisheries Commission (ASMFC)
adopted a cooperative interstate fishery management plan (FMP) for the
Atlantic fishery. No regulations were proposed, but several possible
conservation approaches were discussed. In 1982, a specific measure was
proposed and adopted by the ASMFC to reduce the traditional fishing
season in all areas by approximately one month. This proposal became
known as “"Option 7" and has been jmplemented in six states. Further,
the plan calls for elimination of rules contrary to its management goal.

During the 1981-1985 period conflicts occurred in several areas
among various recreational concerns, coastal development and menhaden
fishing. Resulting management restrictions and changing economic
conditions during this period resulted in company decisions to close
plants and reduce fleets. These changes have affected the menhaden work
force which consists largely of minority persons.

At the same time the Atlantic menhaden stock has expanded from Tow
points in the early and mid-1970s. Current stock size (in numbers of
fish) is similar to that existing during the peak of the fishery
(1953-1962) .

Potential socioeconomic impacts of management alternatives and
recent changes in industry conditions have been evaluated only in North
_Carolina. The actual changes in the total fishery, its work force,
" regulatory scheme, and economic condition have not been evaluated. The

changes and impacts are believed to be significant.
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State, federal and interstate fisheries management agencies and
the industry have worked jointly since 1976 to foster management of the
Atlantic menhaden fishery. This cooperative program has brought a
number of regulatory and operational changes to the fishery. Other
changes have also occurred because of economic and social conditions.
For management decisions to properly balance the needs of the resource,
the industry, the public, and the management agencies, the resons for
and effects of recent changes in the fishery must be identified and
understood. The results of this study will provide the basis for that

understanding.

II. Objectives of the Study

This study will have two general objectives:

A. To compile socioeconomic data and information on the menhaden
industry of the Atlantic coast of the U.S. for each year from
1977 through the current year, and to describe and document
the trends in socioeconomic factors in the industry during
this period;

B. To assess the actual and potential socioeconomic impact of
specific public and private sector management decisions and
alternatives on the industry. For example, such decisions
and alternatives could include regulations or new product

forms.

I1I. Statement of Work

The contractor will compile and document the recent history,

present status, and potential future socioeconomic condition

of the Atlantic menhaden fishery in the following manner:

A. Establishment of baselines
The contractor shall compile and document the following
categories of information on the socioeconomics of the
Atlantic menhaden industry for each year from 1977 through
the current year. All data and information shall be compiled
for the entire Atlantic coast, and shall be broken down by
state. It is recognized that breaking down this information
by state involves matters of confidentiality. The
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contracting agency will work closely with the contractor and

the industry to achieve a mutually agreeable format for the

collection and dissemination of this information. Because

the regional and distributive impacts of management decisions

and alternatives are of paramount importance to this study,

breakdowns by state are necessary.

Economics
A.1.1. Catch and Landings
A.1.2. Value
a. Value by product type
b. Value by age/size of fish
c. Total value based on retail value of products
d. Assessment of measure of value used by NMFS
A.1.3. Industry structure and organization
a. Number, location and size of firms
b. Industry capitalization and investment patterns
A.1.4. Products flow and market interactions
a. Traditional products and markets
b. Potential products and markets
c. Competing products
A.1.5. Profitability
a. Harvesting and processing costs
b. Important sources of cost and revenue changes
c. Rate of return on investment
Sociology
A.2.1. Employment
a. Total employment by category
b. Total employment and income by job classification
c. Annual rounds of remunerative activities
A.2.2. Labor force and fishing community characteristics
a. Demographic data
b. Occupational alternatives
c. Community structure
- A.2.3. Labor migration patterns
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Cc.1

c.2.

C.3

54

A.2.4. Local and regional demographic data

a. Income distributions

b. Unemployment rates

c. Job opportunities
This should be a listing of the actions taken by the menhaden
companies and management agencies and other events and
circumstances that affected the menhaden industry during the
period between the two baselines.
Analysis of the trends in A.1 and A.2 between the baseline
periods
Impact analysis
This task would involve specific analysis of the effects of
items listed in (A.3) and (B) on thé socioeconomic factors
outlined in (A.1) and (A.2), including:

Impact of past public and private sector management actions

c.1.1 Plant closures and effort reductions or shifts
c.1.2. Market changes
C.1.3. Public sector management actions

Potential impacts of management alternatives
c.2.1 Option seven of the ASMFC menhaden plan

c.2.2 Other alternatives (to be specified after contrac-
tor consultations with AMAC).

Potential impacts of new industry options (to be specified
after contractor consultations with AMAC).

Work on the program will be closely coordinated with the
Atlantic States Marine Fisheries Commission's Atlantic
Menhaden Advisory Committee (AMAC). During the period of
this contract, the contractor will be required to meet
periodically with AMAC, as part of the project, to review the
direction and progress of the research. Quarterly progress
reports will also be submitted to AMAC for review and
comment. The AMAC will review research proposals and
recommend the contractor in conjunction‘-with the funding

agency.
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IV. Proposals will be evaluated on the following points, weighted as

noted:
Weight
60% A. Proposed research and analytical methods and how
they are to be applied to achieve the project ob-
jectives
20% B. Applicability of the applicant's background to the
research problem
10% C. Qualifications of the applicant's organization to
support the proposed research
10% D. Cost, not to exceed $60,000

Project duration is estimated at 12-18 months.
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ULCERATIVE MYCOSIS DISEASE

Atlantic menhaden and several other estuarine fishes at multiple
sites along the Atlantic coast have exhibited deep lesions on the flank,
caudal peduncle, head and vent areas. Menhaden have been the species
most frequently noted; some others include weakfish, summer flounder,
silver  perch, gizzard shad, mullet, and spot. Infected
young-of-the-year menhaden (1984 and 1985 year-classes) collected in
1984-5 in the Pamlico River (NC), St. Johns River (FL), Charleston SC
area, Chesapeake Bay tributaries (VA and MD) and Delaware Bay
tributaries (DE and NJ) have been examined by pathologists from the
Florida Department of Natural Resources, North Carolina State University
Veterinary School, Virginia Institute of Marine Science, and NMFS-Oxford
laboratory. The lesions are believed to be caused by or associated with
oomycete fungi (genus Aphanomyce) . It is not know whether these
outbreaks of lesions are rare events, epidemic cases of disease or
symptoms of environmentally stressed estuaries.

Menhaden sampled from purse-seine landings during the 1984 North
Carolina fall fishery revealed only a few specimens with lesions (62 out
of 3,394 fish sampled, or 1.6% during January 8-16, 1985). Effects (if
any) of the disease on the size of the 1984 year class would first be
seen during the 1986 season, since this is their first year of full
recruitment to the fishery. In the summer and fall of 1985 the
incidence of lesioned menhaden was low in North Carolina, Virginia, and
Florida streams where the disease had flourished earlier. Reports of
high incidence of ulcers on Atlantic menhaden in 1985 were limited to
two tributaries of Delaware Bay and one river in the Maryland portion of
Chesapeake Bay. Individual state's projects are monitoring estuarine
fish populations and will track incidence of diseased and lesicned
fishes coastwide. Beaufort laboratory staff will continue to sample
purse-seine catches throughout the range of the fishery, conduct
sampling surveys for juvenile abundance, and engage in a coastwide
tagging program each fall. They will examine sampled fishes for the
presence of lesions and evidence of old lesions (healed). Results will
be reported to AMAC, AMMB, industry and individual states.
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A technical committee (with members from NMFS, NC, VA, FL and the
Fish and Wildlife Service) has been formed to coordinate research and
distribute results. Field and laboratory research focus on geographic
and temporal incidence of the disease, descriptive pathology, identifi-
cation of causative organism(s) and epidemiology. Projects in North
Carolina, Virginia, and Florida are underway in 1986. A summary of
research by Dr. E. J. Noga (North Carolina State University) and others

follows.
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Ulcerative Mycosis of Atlantic Menhaden: Biology,
Epidemiology and Pathogenesis

by

Edward J. Nogal, Michael J. Dykstral, Jay F1 Levinel,

Jess H. Hawkins®, and David W. Moye

Ulcerative mycosis (UM) is a skin disease primarily affecting

Atlantic menhaden (Brevoortia tyrannus) that was first recognized as a

serious disease problem in 1984. First observed in the Pamlico River in
North Carolina, it was soon also reported from other North Carolina
estuarine systems including the New River, Neuse River, and Albemarie
Sound. Investigations in other states, including Delaware, Maryland,
Virginia and Florida have reported fish having similar ulcers. Our
examination of tissues from these areas lead us to believe that a
similar disease is occurring in these areas.

Since 1984, UM has continued to cause repeated 6utbreaks along the
eastern seaboard of the United States that in some instances has
resulted in up to 90% infection rates in randomly sampled populations of
Atlantic menhaden. The highest prevalence rates for UM are seen in Tow
to moderate salinities within the Pamlico River. Many fish that inhabit
this ecological zone appear susceptible to UM. We have observed the
disease on southern flounder (Paralichthys lethgostigma), gizzard shad

(Dorosoma cepedianum), striped bass (Morone saxatilis), weakfish

(Cynoscion regalis), silver perch (Bairdiella chrysura), spot

(Leiostomus xanthurus) and hogchoker (Trinectes maculatus).

Ulcerative mycosis has several characteristic features that help to
distinguish it from other diseases that cause sores on fish. First and
most obvious is the very deep penetrating lesions caused by this
disease. These lesions are so aggressive that they commonly penetrate

through the body wall, exposing the internal organs. When the dead

1Schoo] of Veterinary Medicine, North Carolina State University,
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tissue sloughs, it leaves a crater-shaped lesion that appears as if a
bite had been taken out of the fish. Such lesions had been previously
attributed to bites from predaceous fish. Usually only one lesion is
found on a fish.

The lesions in menhaden are caused by infection with water molds
of the genus Aphanomyces. Another water mold, Saprolegnia, has been
jsolated from lesions in other species. Studies are currently underway
to determine the genetic similarities of the Aphanomyces isolates to one
another. These fungi have never been previously known to cause disease
in any estuarine species. The water molds or Qomycetes are common
freshwater inhabitants that usually cause a fuzzy cotton-ball type of
growth on the skin of freshwater fishes. Such lesions do not penetrate
deeply into the body as is the case for ulcerative mycosis. The host's
response to UM is also unusually severe for a water mold infection but
may reflect the fact that the fungus aggressively grows into the tissue.
We have also found that our Aphanomyces isolate is stimulated by Tlow
concentrations of salt. The water molds affecting fish are normally
inhibited by any salt. This salt tolerance correlates with the
ecological range of UM and may also explain why this fungus can
penetrate deep into fish's tissue, which has a relatively high salt
concentration.

Bacteria do not appear to be important in initiating UM lesions,
but a number of different types of bacteria are commonly present in the
larger sores and may contribute to the death of the fish. However, no
predominant bacterial species has been consistently isolated from UM
lesions of any stage, indicating that these organisms are opportunistic
secondary invaders.

While these Oomycete fungi appear to be the primary infectious
pathogen associated with these ]esions, further studies are needed to
confirm this hypothesis. In cooperation with the National Marine
Fisheries Service Laboratory, Beaufort, NC and the North Carolina Sea
Grant Aquaculture Facility, Aurora, NC, we have initiated studies to
determine if our fungal isolates can reproduce the disease in menhaden
and how stress may influence the development of the disease. Stress may
be extremely important in initiating these lesions since fungi, in
general, do not cause disease in healthy hosts but can rapidly take



advantage of an individual with compromised immunity. Our Tlaboratory
studies are being performed in conjunction with a field survey that is
being used to pinpoint areas in the Pamlico River that are at high risk
for fish developing UM.

There remain many important questions about ulcerative mycosis,
but hopefully finding answers to them will help us to understand the
cause of this and other disease problems in our fisheries.

This research is supported by the University of North Carolina
Water Resources Research Institute and the North Carolina Division of
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