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ABSTRACT

Sets and catches of Atlantic menhaden, BTevooTtia tymnnus, made in 1985-96 by purse
seine vessels from Virginia and North Carolina were studied by digitizing and analyzing
Captain's Daily Fishing Reports (CDFR's), daily logs of fishing activities completed by
captains of men haden vessels. 33,674 CDFR's were processed, representing 125,858 purse
seine sets. On average, the fleet made 10,481'1 sets annually. Virginia vessels made at least one
purse-seine set on 67%-83% of available fishing days between May and December. In most
years, five was the median number of sets attempted each fishing day. Mean set duration
ranged from 34 to 43 minutes, and median catch per set ranged from 15 to 30 metric tons
(t). Spotter aircraft assisted in over R3% of sets overall. Average annual catch in Chesapeake
Bay (149,500 t) surpassed all other fishing areas, and accounted for 52% of the fleet's catch.
Annual catch from North Carolina waters (49,100 t) ranked a distant second.

Fishing activity in ocean waters clustered off the Mid-Atlantic states inJune-Septem bel',
and off orth Carolina in ! ovember-JanuaI)I. Delaware Bay and the lew Jersey coast were
important alternate fishing grounds during summer. Across all ocean fishing areas, most
sets and catch occurred within 3 mi. of shore, but in Chesapeake Bay about half of all fishing
activity occurred farther offshore. In Virginia, areas adjacent to fish factories tended to be
heavily fished. Recent regulatory initiati\'es in various coastal states threaten the Atlantic
menhaden fleet's access to traditional nearshore fishing grollnds.

Introduction

Atlan tic men haden, Brevoortia t)'rannus, form large,
dense, near-surface schuuls which are the targets of a
larg-e industrial purse-seine fishery for reduction from
Nurth Carolina to the Gulf of Maine (Smith, 1991).
The chief products of the industry are fish meal, fish
oil, and fish solubles. The fishery is prosecuted mostly
by larg-e (up to 200 ft) ocean-going- purse-seine vessels,
a majority of which are based in Virg-inia and North
Carolina.

During- most fishing- years, initial catches are made in
Mayas spring- migratory schools move north in nearshore
ocean waters along- the North Carolina and Virginia
cuasts. By early summer, Atlan tic men haden stratify
along the Eastern Seaboard by size and age, with the

oldest and largest fish (up to ag-e 7 and 500 g) mig-rat
ing- as far north as southern Maine. During- summer,
Atlantic menhaden reside in all major estuarine sys
tems and in nearshore ocean waters along- the U.S. east
coast (Ahrenholz, 1991). Must catches in summer oc

cur within the Virginia portion of Chesapeake Bay. The
regulatury code of Virginia allows reduction purse-seine
vessels to fish in Chesapeake Bay proper, but prohibits
these vessels from small tributaries and major rivers
above desig-nated lines, mostly near river mouths.
Catches north of Virginia in summer occur in ocean
waters, Delaware Bay (until 1992, when fishing was
prohibited), and Long- Island Sound. During fall, larg-e
menhaden schools migrate south past the Virg-inia and
North Carolina capes, and are intenselv pursued by
vessels from these two states.
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Bf'tween 1950 ami 1988, up to 23 shoreside factories
from northern Florida to Maine processed Atlantic men
haden (Smith, 1991). Sincf' 1~89, U.S. shoreside reduc-

tion facilitif's for Atlantic menhaden have been located
exclusively in Beaufort, North Carolina (a single plant;
Fig. 1) and Reedville, Virginia (two plants; Fig. 2). Of

Area 9 Maryland

Area 16
VA-Eastern Shore

Area 18
NC-Cape Hatteras

Area 17 VA-Va. Beach

Area 21
NC-Wrightsville

Area 22
NC-Long Beach

VA

NC

Beaufort

Figure 1
Captain's Daily Fishin~ Report (CDFR) fishin~ areas for Atlantic menhaden, Rhode Island to North Carolina.
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the extant facilities, the two Virginia factories support
the largest fleet of purse seiners, up to 20 vessels com
bined (9-10 vessels per factory), compared to 2-6 ves
sels supported by the North Carolina factory. Conse
quently, landings at Reedville account for up to 80% of
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the annual menhaden landings for reduction along the
Atlantic Coast. From 1988 to J993, several Russian fac
tory ships processed Atlantic menhaden caught in the
Gulf of Maine hy U.S. vessels during summer. In addi·
tion, from 1987 to 1993 two Canadian factories in ew

Maryland

~Chesapeake Bay
Bridge Tunnel

Atlantic Ocean

Figure 2
Captain's Daily Fishing Report (CDFR) fishing areas for Atlantic menhaden in Chesapeake Bay, Virginia.
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Brunswick and Nova Scotia processed Atlantic menha
den caught in southern Maine.

Modern purse-seine vessels are capable oflong-range,
multiple-day fishing trips mainly because they are
equipped with large fish holds and refrigerated seawa
ter systems. Fishing is conducted Monday through Fri
day, and rarely on Saturday. Generally, vessels from
North Carolina make trips of 1-3 days, and fish wit.hin
t.he st.at.e's territ.orial wat.ers; t.hey seldom vent.ure far
ther north than Chesapeake Bay, and rarely south to
Georgia. On the other hand, if fish become scarce in
Chesapeake Bay during summer, Virginia vessels regu
larly fish off Delaware and ewJersey, and occasionally
t.ravel to Long Island Sound and Rhode Island. During
fall, Virginia vessels range south to Cape Hatteras and
Cape Lookout, North Carolina.

Since the mid-1950's, the Beaufort Laborat.ory of t.he
National \1arine Fisheries Service (formerly the Bu
reau of Commercial Fisheries, prior to 1971) has moni
tored landings, fishing effort, and size and age compo
sit.ion of the cat.ch in the Atlantic menhaden fishery
(Smit.h, 1991). During t.he 1950's and 1960's, and ancil
lary to biological sam pIing, men haden vessel captai itS

were asked to complete logbooks Uune and Reinljes,
1959) designed to assess daily fishing activities and pat
terns. Annual summaries oflogbook data were reported
byJune and Rein~es (1959, 1960) and June (1961;.
More synoptic logbook summaries were published by
Roithmayr (1963) and. icholson (l g7l).

In the late 1970's, menhaden companies and \'esst'l
capt.ains were asked by the Atlantic Menhaden Advisory
Committee (AMAC) of the Atlantic States Marine Fish
eries Commission to participate in a new logbook project
called Captain's Daily Fishing Reports (CDFR's). The
project evolved as a joint industry, state, and federal
effort, with many of t.he original formats and guidelines
developed by St.andard Products of Virginia, Inc.
CDFR's are deck logs of daily menhaden fishing activi
ties (Fig. ;:I). For each fishing and non-fishing day, cap
t.ains (although the t.ask is uften accomplished by the
\'essel pilot) are asked to specifY dates and times of
departure and rt'turn; time and location of each purse
seine set. (or reason no sC'tS were made, if t.his is the
case); and, fur each set, the estimat.ed catch, distance
and direction to shure, and weat.her conditions.

The Virginia and North Carolina fleets have been
continuous participants in the prugram since its incep
tion, while vessels landing at various now-defuner. plants
alung the coast (in Maine, ~1assachusetts, ~ew Jersey,
0:orth Carolina, and Flurida) contrihuted thruugh the
early to mid-1980's. Vessels active in the menhaden

I Reler<:>nc<:> to trade nam,', or commercial firms does nOI impl'"
<:>ndor'<:>llwnt bl' tht' 7'lational Marine Fisherit', Sen'ict', :\0.\.\.

fishery in the Gulf of Maine through the early 1990's
did not participat.e in the CDFR Program.

Through 1991, CDFR's existed primarily as paper
files, although limited attempts were made t.o digitize
t.he data. Beginning in 1992, menhaden program per
sonnel began entering CDFRdata into database files on
persunal comput.ers.

In this paper, I report on summaries of CDFR dat.a
fur the At.lantic menhaden purse-seine fishery for 1985
96. Included is information on the latit.udinal and t.em
poral distribution of purse-seine sets and catches from
southern New England to North Carolina, and the dis
tribution of purse-seine set.s by dist.ance from shore.

Materials and Methods

Vessel capt.ains completed CDFR forms (Fig. 3) on a
daily has is, and menhaden company personnel mailed
batches of CDFR's to the Beaufort Laborat.ory on a
weekly hasis. Set-specific dat.a were manually coded on
CDFR furms by a captain after each individual purse
seine set. Set st.art and set finish times were given as
milit.arv time. The capt.ain's est.imate of the catch was in
thousands of "standard fish" (1,000 standard fish = 670
Ib; see Smith, 1991). If a set was assisted by an airplane
spotln pilut, the company's two-digit spotter code was
used. Lnassisted sets were coded as "0" or "self," indi
cating a "self-set".

In a manual distributed tu menhaden vessels, each
state's coastline along the east.ern seahoard was high
lighted and coded wit.h a unique one- or two-digit num
ber (Fig. 1). The North Carolina coast, Virginia's ocean
shoreline, and t.he Virginia portion of Chesapeake Bay
were further divided int.o [ive, two, and seven areas,
respectively (Fig. 1, ~); each was named fur a promi
nent geographic feat.ure. Wit.hin each area, specific
fishing sites, usually adjacent to well-known geographic
puints, wen' codf'd with three-digit numbers. For ex
ample, Antipoison Creek off the mout.h of the
Rappahannock River (Area 10) in Virginia was coded as
"10-310". Captains were asked to identify new fishing
areas not listed in the CDFR manual, and these areas
were later assigned new codes.

For each purse-seine set, distance (in miles) and
direction to the nearest shoreline were recorded, as
well as weather conditions at the time of the set (cloud
co\'er, air tf'mperalUre, and wind direction and speed).

,\t tIlt' laboratury, each CDFR form was stamped with
a unique eight-digit collection number. Annual CDFR
data sets were key-entered into relat.ional dat.abases and
edited fur errors. Later, dat.abases were merged and
analvzed using SAS (SAS Inst.itut.e, Inc., 1995).

Initially, 1 examined general catch trends by subdi
viding the study area int.o five geo-temporal regions: 1)
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Figure 3
The Captain's Daily Fishing Repon form for reporting daily Atlantic menhaden fishing activities.

Mid-Atlantic, frum Rhode Island to Delaware; 2) Mary
land and Virginia ocean waters; 3) Chesapeake Bay,
Virginia, waters in ide the Chesapeake Ray Bridge Tun
nel; 4) North Carolina summer, from April through
October; and 5) North Carolina fall, from Noyember
through January. For more refined analyses, I summa
rized number of sets and catches by month and by
distance from shore using the area definitions in the
CDFR manual (Fig. 1,2). Ocean areas (Rhode Island
through Maryland; Eastertl Shore ami Virginia Beach,
Virginia; and North Carolina) and Delaware Bay were
examined separately from areas within Chesapeake Bay,

Menhaden captains are particularly adept at estimat
ing the size of individual purse-seine catches. For ex
ample, in 1995, vessel-specific ratios ufannual catch (as
recOl-ded from daily catch record routinely supplied to

the NMFS by menhaden companies) to CDFR estimates
of catch ranged from 0.90 to 1.0:i for the 20-vessel fleet.
Nevertheless, captains' catch estimates for individual
sets were adjusted slightly using vessel-specific correc
tion factors. Daily records of vessel landings provided
hy menhaden companies were summed uver the fish
ing year. Tutal annual landings for a vessel were rlivirkd
hy the respective captain's estimate of annual catche in
CDFR's. Individual catch estimates in CDFR's were mul
tiplied by the appropriate correction factur, then by
0.30:i9 to convert to metric tons (Smith, 1991).

The CDFR data set is comprehensiYe, as most vessels
from Virginia and North Carolina completed CDFR's
on a daily basis during the fishing season (approxi
mately May to mid-December for Virginia vessels, and
May to mid-JanualY for ;'\Jorth Carulina vessels), although
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there were a few exceptions. Virginia captains main
tained CDFR's even if no sets were made, and indicated
the reason for no fishing activity (weather unfit for
fishing, mechanical problems). orth Carolina cap
tains only completed CDFR's for days that they caught
fish. Several small vessels (less than about 100 ft in length)
in both states kept incomplete CDFR's. They generally
fished in estuarine waters close to a factory, and did not
account for a major portion of the annual landings. For
these reasons, I excluded these small vessels from my
analyses. On the other hand, during 1990 and 1991 three
large ocean-going vessels had incomplete or missing
CDFR's. I assumed that the vessels in question fished
similarly to the rest of the fleet. Based on the percentage
of the catch by these vessels relative to the fleet's total
an nuallandings, I adjusted total number ofsets and catches
upward to account for the mis ing CDFR data.

Results

CDFR's Processed

A lotal of 33,674 CDFR's were processed, representing
125,858 purse-seine sets. During 1985-96, between 12
and 22 purse-seine vessels annually participated in the
CDFR program (Table 1). On average, the fleet corP.
pleted2,806 CDFR's per year, representing 10,48K purse
seine sets. 1986 was an anomalous year, with only 12
vessels participating, because one company in Virginia
did not fish for economic reasons. The following yeal,
the company fished four vessels; by 1988, the firm was
sold, and the new owners fished up to eighl vessels.

Fishing versus Non-fishing Days

The annual percentage of days fished (where at least
one set was completed) by the Virginia fleet was rela
tively cunsistent, ranging from 67% to 83% (Table 2).
O"er the 12-yr period, the three most-often-cited rea
sons for remaining in port on days when Virginia ves
sels did not leave the dock were "weather unfit for
fishing" (54%), "waiting to unload" (20%), and "me
chan ical problems" (4%). On days when vessels wen t to
sea but failed to make a set, the three most-often-cited
reasons for no sets were "no fish showing" (41 %), "rough
seas" (34%), and "changing location" (10%).

Distribution of Sets and Catch

Over the entire study period, the median number of
pursl"-seine sets per day wa five, except for 1991 when
it was four Cfable 1). Median catch per set ranged
annually from 15 to 30 t. Ylean set time was 34-43 min,
and the proportion of an nual sets assisted by spotter
aircraft was 83%-93%.

In all regions, the distributions of set (catch) size
were highly skewed towards larger size intervals; a ma
jorit)" of catches were 30 t or less (Fig. 4). Median catch
per set in ocean rf'gions was comparable for all regions
during slimmer. Median catch was 24 t in the Mid
Atlantic region, 23 t in the Maryland-Virginia ocean
region, and26 t in the. orth Carolina summer region.
\1edian catch was lowest in Chesapeake Bay, at 18 t.

The orth Carolina fall region had the highest median
catch of all regions, at 3H t.

Table 1
Summal)' statistics for Atlantic menhaden CDFR data set, 1985-96.

Catch size (t)
COFR's % Spotter Median Mean set

Year processed Vessels Sets pilot-assisted sets/day :\/edian 25th-75th percentiles time (min)

1985 2,636 20 11,075 87.6 5 18 II-3D 39
1986 1,619 12 5,703 88.3 5 30 15-53 43
1987 ~,128 16 9,312 85.6 5 23 12-4J 39
1988 ~.362 22 9,7fil 93.4 :; 20 11-30 37
1989 3,335 21 11,13,-, 89.5 5 J8 11-30 37
1990 3.382 21 12.1\017 H6.5 5 18 9-30 38
1991 3,739 n 13,379 83.1 4 15 8-30 35
1992 3.5~2 22 11.740 89.9 5 15 8-30 35
1993 2,565 22 9.694 89.2 5 23 12-38 38
1994 2,909 20 10,917 91.4 5 15 9-30 34
1995 2,866 2U 11,234 90.0

'"
~2 11-38 37

1996 2,611 20 9,71 J 86.7 5 23 11-38 38

Totals 33,674 125,858

:\lean 2,H06 10,488
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Annual catches of Atlantic menhaden in Chesapeake
Bay surpassed catches in other areas along the eastern
seaboard (Fig. 5; Table 3). Over the study period, esti
mated total annual catch in Chesapeake Bay averaged
149,500 t (Table 3). The catch from orth Carolina
ranked a distant second, averaging 49,1 00 t, followed by
Virginia ocean waters (Eastern Shore and Virginia Beach
areas combined, 44,900 t), New Jersey (20,600 t), Dela
ware Bay (8-yr average through 1992 only, 13,000 t),
Rhode Island to New York (4,400 t), Delaware ocean

waters (4,300 t), Maryland ocean waters (3,200 t), and
lastly South Carolina and Georgia ocean waters (200 t).

In general, the distribution of the mean number of
purse-seine sets by ocean area and month tended to
mirror the distribution of mean catches by area and
month (Fig. 6, 7; Append. Table 1,2). Excluding Chesa
peake Bay, most effort and catch in ocean areas were
concentrated between Virginia Beach and New Jersey
from May through August. Peak catches for this period
were from Delaware Bay inJune and from NewJersey in

Table 2
Fishing and non-fishing days for Virginia vessels in the Atlantic menhaden purse-seine reduction fleet, 1985-96.

1\on-fishing days

Fishinp; Did nOI Did nOI TOlal days
CDFR's days leave dock sel at sea nOI fisherl

Yf'ar cOl11pit'ted II (%) II (%) II (%) 11(%)

1985 2,540 1,8H9 (74) 398 (16) 253 (\0) 651 (26)

1986 1,289 877 (68) 330 (26) 82 (6) 412 (32)
1987 1,967 \ ,625 (83) 178 (9) l64 (8) 342 (17)

1988 2,213 1,738 (79) 185 (8) 290 (13) 475 (21)

1989 3.044 2.047 (67) 526 (17) 471 (16) 997 (33)
1990 3,122 2,295 (74) 364 (12) 463 (14) 827 (26)

1991 3,612 2,612 (72) 433 (12) 567 (16) 1,000 (28)
1992 3,406 2,289 (67) 514 (15) 603 (18) 1,117 (33)

1993 2,425 1,84J (76) 293 (12) 291 (12) 584 (24)
1994 2,826 1,983 (70) 422 (15) 421 (15) f\4:\ (3e)
1995 2,783 2,008 (72) 390 (14) 385 (14) 775 (2R)
1996 2,564 1,894 (74) 306 (12) 364 (14) 670 (26)

Table 3
Annual and mean catch (in thousands of metric tons) of Atlantic menhaden by fishing area, 1985-96, as estimated from
CDFR data.

12-yr
Area 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 Olean

:'-:f'W York-
Rhode Island 33.0 3.0 4.0 0.4 1.5 08 0.1 0.3 63 29 4.4

:'-JewJersey 26.9 1.2 12.2 10.H 24.2 12.8 10.8 32.4 22.6 125 52.1 29.\ 20.6
Delaware 3.0 1.2 0.2 0.6 0.9 15.2 0.7 5.2 5.5 4.9 8.2 5.7 4.3
Delaware Bay 9.5 7.4 3.4 9.0 14.5 2l.8 20.4 17.6 13.0 1

\1aryland 0.1 1.6 1.2 0.6 5.3 1.5 2.8 0.1 7.9 9.6 7.5 3.2
Chesapeake Bay 127.2 14l.4 177.4 155.9 156.0 149.5 161.R 135.7 1685 125.9 147.4 147.8 119.5
Virginia (ocean) 52.4 36.4 58.5 25.6 413 52.7 ':15.7 21.8 60.7 412 49.R 431 14.9
North Carolina 28.2 27.9 34.3 52.8 35.2 7':1.6 67.4 46.8 37.3 65.6 62.2 55.3 49.1
South Carolina-

Ceorgia 0.4 2.2 0.1 0.2
Total 280.7 217.1 290.2 260.9 273.1 332.9 319.8 263.1 2949 258.3 335.6 291.4 289.2

1 8-yr mean for Df'laware Bay.
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Figure 4
Frequency distributions of Atlantic menhaden catch per set in five geotelllporal regions, 1985-96. Number of sets
in each size inter\'al is a mean for the 12-year period. Note different y-axis scales.
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Figure 5
Proportions of the annual catch (in metric tons) of Atlantic menhaden caught in different fishing areas, 1985-96, as
estimated from CDFR's.

July. During September and October, most effort and
catches shifted south to Virginia's Eastern Shore and
Virginia Beach areas. By November, virtually all fishing
activity occurred between Virginia Beach and the Bogue
Banks area off North Carolina. DuringJanuary through
March, most activity was in the Cape Lookout and Bogue
Banks areas of North Carolina.

Within Chesapeake Bay, peak fishing effort and
catches occurred in most areas during August (Fig. fI, 9;
Append. Table 3, 4). Across all months, the Smith
Point, Rappahannock River, and York River areas ranked
One through three in importance, respectively, in terms
of number of sets and catch.

Rhode Island to New York-Occasionally, as catches in
Chesapeake Bay declined or became sporadic during
summer, vessels from Virginia, and rarely North Caro
lina, ranged farther north in search of fish. Vessels
fished in Rhode Island waters (Narragansett Bay) only
during 1985,1988,1991, and 1995; this was the farthest

north that the Virginia fleet traveled. On average, the
fleet made 106 sets in the Rhode Island to New York
area (l % of coastwide sets), and harvested 4,400 t (2%
of the coastwide catch; Fig. 6, 7; Append. Table 1, 2).
Fishing activity during 1985 was atypical for this area in
that 33,000 t of Atlantic menhaden were harvested (thf'
second highest harvest, 6,300 t, occurred in ] 995). If
the 1985 catch is excl uded, average harvest from this
area for 1986-96 declined to 1,800 l.

New Jersey-In 19R9, the state of New Jersey enacted
regulations to prohibit menhaden vessels from fishing
within 1.2 mi. of the New Jersey ocean shoreline; previ
ously, the restricted area had been within 0.6 mi. of
shore. Menhaden fishing along the New Jersey coast
occurred almost exclusively from June through Sep
tember, with the greatest activity in July. On average,
the fleet made 5] 2 sets off the New Jersey coast (5% of
the coastwide sets), and harvested 20,600 t of Atlan tic
menhaden (7% of the coastwide catch; Fig. 6, 7; i\p-
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pend. Table 1, 2). Prior to 1992, when purse-seine
fishing for reduction was permitted in Delaware Bay,
the catch along the New Jersey coast averaged 14,100 t
per yr (1985-91; Table ~). After Delaware Bay was closed
to the menhaden fleet in July 1992, fishing activity in
creased off the NewJersey coast and annual average catch
in NewJersey waters doubled to 29,700 t for 1992-96.

Delaware and Delaware Bay-Fishing in Delaware wa
ters commenced in May and continued through Sep
tember, with only minor activity in October. Fishing
effort and catches by month were bimodal; peak activity
occurred in June with a minor peak in September.
Prior to 1992, purse seining for reduction was permit
ted in an ellipse-shaped area within lower Delaware
Bay, more than 3 mi. from Delaware's shoreline. InJuly
1992, Delaware enacted regulations prohibiting men
haden reduction vessels from fishing in Delaware Bay.
Thus, vessels were limited to fishing beyond 3 mi. from
the state's ocean shore. Within Delaware Bay, during

1985-92 the fleet averaged 48~ sets per yr (5% of
coastwide sets) and harvested 13,000 t of fish (5% of the
coastwide catch; Fig. 6, 7; Append. Table 1, 2). Off the
Delaware coast, the fleet on average made 123 sets (l %
of coastwide sets) and harvested 4,300 t of Atlantic
men haden (2% of the coastwide catch).

Maryland-Maryland prohibits purse-seine fishing
within its portion of Chesapeake Bay and state territo
rial waters. Hence, menhaden fishing off Maryland's
coast occurred in ocean waters beyond 3 mi. from shore.
Relative to coastwide activity, fishing activity off Mary
land was minimal. On average, the fleet made 77 sets
(l % of coastwide sets) off the Maryland coast and har
yested 3,200 t (~% of the coastwide catch; Fig. 6, 7;
Append. Tahle 1, 2). Peak fishing activity occurred in
September and October.

Virginia and Chesapeake Bay-Annual fishing activity
in Virginia waters (Chesapeake Bay and ocean areas
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combined) predominated over all other areas. On aver
age, the fleet made 8,230 sets in Virginia waters (78% of
coastwide sets), and harvested 194,400 t of Atlantic
menhaden (67% of the coastwide catch). In Virginia's
ocean areas (Eastern Shore and Virginia Beach), the
fleet averaged 1,530 sets per yr (15% of coastwide sets)
and harvested 44,900 t (16% of the coastwide catch;
Fig. 6, 7; Append. Table 1,2). Peak catches occurred in
October along Virginia's Eastern Shore and in Novem
ber off Virginia Beach.

Within Chesapeake Bay the fleet averaged 6,700 sets
annually (63% of coastwide sets) and caught 149,500 t
of Atlantic menhaden (52% of the coastwide catch; Fig.
8, 9; Append. Table 3, 4). Peak fishing activity occurred
in August, when on average the fleet made 1,51~ sets
(23% of sets in Chesapeake Bay) and caught 36,100 t of
Atlantic menhaden (24% of the catch in Chesapeake
Bay). DuringJune,July, and September, monthly varia
tion in number of sets was slight, ranging from 1,016
sets inJuly to 1,091 sets in September (15%-16% of the

total sets in Chesapeake Bay), as was the variation in catch,
which ranged from 23,200 t in September to 24,800 t in
July (16%-17% of the catch in Chesapeake Bay).

By area within Chesapeake Bay, the Smith Point area
(adjacent to the fish factories) led all areas in number
of sets with 1,843 (28% of the total sets in Chesapeake
Bay), and in catch with 40,900 t (27% of the catch in
Chesapeake Bay). The Smith Pain t area and the adja
cent Rappahannock River area combined accounted
for 3,490 sets (52% of the total sets in Chesapeake Bay)
and 75,300 t (51 % of the catch in Chesapeake Bay).

North Carolina-Through 1993, a few small (less than
90 feet long) purse-seine vessels fished for menhaden
in the estuarine waters of North Carolina's sounds near
Beaufort. CDFR data from several of these vessels were
judged complete, and were included in the analyses;
however, these vessels rarely ventured into ocean wa
ters, and total annual catch for an individual vessel was
usually less than 4,000 t. Thus, their contribution to
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overall North Carolina fleet effort and catch was minor.
Beg-inning in 1994, North Carolina purse seining fo(
Atlantic menhaden for reduction was exclusively in
nearshore ocean waters.

Fishing- activity in all areas along- tht' North Carolina
coast on averag-e amounted to 1,032 sets (10% of
coastwide sets), yet the catch averaged 49,100 t (17% of
the coastwide catch; Fig. 6, 7; Append. Table 1, ~).

Although menhaden fishing off North Carolina oc
curred during all months, a majority of the activity
occurred during November and December as fish mi
grated south along the state's coastline. Peak fishing
activity occurred in the Cape Hatteras area during these
months. ByJanuary-March, fishing was mostly restricted
to the Cape Lookout and Bogue Banks areas.

South Carolina and Georgia-Menhaden fishing activ
ity south of North Carolina was minimal for several
reasons. First, a small factory in Fernandina Beach,
Florida, closed in ] 987. Its single vessel had fished off
northern Florida and southern Georgia, but rarely

landed more than 4,000 t an n ually. Second, in 1985
South Carolina prohibited purse-seine fishing for men
haden within its territorial waters. Third, although Geor
gia permits purse seining in its ocean waters, the dis
tance and time (up to 24 h one-way) required for ves
sels to reach the Georgia fishing grounds from North
Carolina was excessive. Despite refrigerated fish holds,
carrier vessels often had difficulty delivering a quality
product to dockside in mid-summer. Moreover, catches
off Georgia generally consisted of age-1 and age-2 At
lantic menhaden less than 200 mm in fork length (FL =
distance from the tip of the snout to the central rays of
the fork in the tail); these are less desirable for the
industry because of their low oil yield. Nevertheless,
!\orth Carolina vessels made trips to Georgia waters in
summer 19H5, 1!:JH8, and ]993. Peak catch occurred in
1!:JHH, when 2,200 t of men haden were harvested.

Distribution by Distance from Shore-An analysis of
fishing activity for Atlantic menhaden by distance from
shore underscored the nearshore and estuarine nature
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of the fishery. Along the shores of NewJersey, Virginia,
and North Carolina, where menhaden fishing is per
mitted in nearshore ocean waters, a majority of the sets
and catches occurred within 3 mi. of ocean beaches
(Fig. 10, 11; Append. Table 5, 6). For example, along
the ew Jersey coast, the fishery annually made on
average 482 sets and caught 16,300 t offish (represent
ing 81 % of sets and RO% of catch off NewJersey) within
3 mi. of the state's shoreline. Similarly, in Virginia's
Eastern Shore area, vessels made 506 sets and caught
17,500 t within 3 mi. of shore (representing 78% of sets
and 75% of catch from this area); in the Virginia Beach
area, vessels made 717 sets and caught l7,ROO t within 3
mi. of shore (representing 83% of sets and 83% of
catch from this area). Along the North Carolina coast,
sets and catches were even more concentrated inshore.
This was most pronounced off the Bogue Banks area,
where menhaden vessels on average made 176 sets and
caught 7,400 t annually (62% of sets and 57% of catch
for this area) within 0.5 mi. of shore. Moreover, a total

of 223 sets were made and 9,500 t of fish caught (7R%
of sets and 74% of catch for this area) within 1 mi. of
the shore.

Across all fishing areas within Chesapeake Bay, must
menhaden fishing activity occurred more than 1 mi.
from shore (Fig. 12, 13, Append. Table 7, 8). On aver
age, only 64 sets, accounting for 1,500 t of fish, came
from within 0.5 mi. of shore (1 % of sets and I % of
catch from the Bay), while only 547 sets, accounting
for 12,100 t of menhaden, came from within 1 mi. of
shore (8% of sets and 8% of catch from the Bay). The
next two farthest strata from the shore, 1.1-2.0 mi. and
2.1-3.0 mi., were nearly equivalent in fishing activity,
each accounting for about one-quarter of sets within
the Bay, and one-fifth to one-quarter of the catch.
Clearly, almost one-half of all fishing activity in the Bay
occurred beyond 3 mi. from the shoreline; on average,
3,125 sets occurred in this stratum, accounting for 69,700 t
of men haden (47% of sets and 47% of catch from the
Bay).
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Discussion

Digitization and summary of CDFR data have yielrlcd
greater insights into the fishing activities of the Atlantic
menhaden purse-seine fleet, especially in terms of catch
and effort (sets) by state and by distance from shore.
Prior to this study, with few exceptions, older and slower
\'essels of the 1950's and 1960's had limited range and,
in general, fished in the vicinity of their home port
(Nicholson, 1971). Accordingly, catches and landings
were roughly equivalent, and were summed by arbitrary
coastal area Uune and Rein~es, 1959), e.g. North At
lantic, Middle Atlantic, Chesapeake Bay, and South
Atlantic areas. Exceptions included vessels from New
Jersey (Middle Atlantic area) that fished in Long Island
Sound (!\orth Atlantic area), and vessels from New
York that fished off New Jersey (Nicholson, ] 971).
Through the late 1970's and 1980's, the premise that

catch and landings within each coastal area were roughly
equivalent became invalid as newer and larger purse
seine vessels from Virginia and North Carolina l-anged
fanher from their home ports (north to Rhode Island
and south to Georgia). Unlike earlier logbook pro
grams, CDFR's provided a complete daily history of
vessel activity, including the means to estimate menha
den catch by state and by distance from shore.

Studies of previous Atlantic menhaden logbook
projects had several shortcomings in comparison with
the present study. Roithmayr's (1963) report examined
the number and distribution of purse-seine sets, but
did not provide areal catch information. Nicholson's
(1 ~71) study included estimates of mean catch by geo
graphic area (e.g. Middle Atlantic, etc.; see above) and
hy set, but his catch data were obtained from daily
records of vessel landings (i.e. combined dock
unloadings of multiple sets), not from set-specific infor-
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mation. Again, vessels during the 1950's and 1960's
tended to fish near their home port. Nevertheless, some
comparisons with earlier reports are possible.

Fishing effort, in terms of number of sets, in the
Chesapeake Bay area has remained relatively stable since
the late 1950's. Roithmayr (1963) estimated that be
tween 1955 and 1959, the menhaden fishery averaged
R,:)42 sets annually in the Chesapeake Bay area (which
roughly included this study's Eastern Shore and Vir
ginia Beach areas in Virginia), while Nicholson's (1971)
annual estimates for the Chesapeake Bay area during
1956-66 averaged 9,102 sets. To compare CDFR data
with these earlier studies, I combined the Eastern Shore
and Virginia Beach areas with Chesapeake Bay and
determined that in these areas, the fishery averaged
8,230 sets per year in 1985-96.

Elsewhere along the Atlantic Coast, menhaden fish
ing activity has declined since the 1950's and 1960's.
Roithmayr (1963) estimated that 5,818 sets occurred

annually in 1955-59 in the South Atlantic area (sensu
June and Rein~es, 1959; roughly Cape Hatteras to north
ern Florida), while _ icholson (1971) estimated that
4,641 sets were made each year in 1955-66 in the same
area. Contemporary CDFR data indicated that sets in
North Carolina waters averaged] ,032 annually in 19H5
96. This decline in fishing activity in the South Atlantic
area was primarily due to plant closures. As recently as
1983, five reduction plants operated in North Carolina
and Florida (four and one, respectively). However, by
1987 all but the facility at Beaufort, North Carolina,
had closed (Smith, 1991).

The decrease in number of sets was even more strik
ing in the Middle Atlantic area (sensuJune and Rein~es,

1959; roughly New Jersey to Maryland). My estimate of
1,195 sets made annually during 1985-96 in waters
from New Jersey to Maryland showed a tenfuld decline
in effort for the area, compared to Roithmayr's (1963)
estimate of 14,265 annual sets during 1955-59 and
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Nicholson's (1971) of 10,569 sets during 19f'i5-66. Th:'
decline in effort in the Middle Atlantic area was mostly
attributable to plant closures; the area's last fish factory
at Port Monmouth, New Jersey, closed in late 19b1
(Smith, 1991). Since 1982, all sets for reduction in the
Middle Atlantic have been made by vessels from Vir
ginia or, rarely, Jorth Carolina.

Nicholson (1971) documented numerous technologi
cal improvements in the menhaden fishery through the
1960's which improved fishing efficiency, one of which
was the spotter aircraft. That spotter airplane pilot
an nually assisted with 83%-93% of purse-seine sets dur
ing the present study attests to the importance of air
craft in locating menhaden schools.

The number of purse-seine sets completed per day
during 1985-96 was higher than during the 1950's and
1960's, although the reasons are not as readily appar
ent as in the examples documented by Nicholson (l971~'.

0:icholson (1971) esti mated that between 1955 and
1966, the mean number of sets per day for the Atlantic
menhaden fleet ranged from 1.97 to 4.56, depending

upon year and location. Although not directly compa
rable, CDFR information revealed that during 1985-96
the median number of sets per day was five except
during 1991, when it was four.

On the other hand, median catches per set by area as
calculated from CDFR's (24 t in the Middle Atlantic, 18
t in Chesapeake Bay, and 3H t during fall off North
Carolina) were comparable to mean catch-per-set val
ues estimated hy :--.Jicholson (1971). Perhaps larger and
faster carrier vessels and purse boats account for the
greater number of sets per day in the modern menha
den fleet (average time for set completion was 34-43
min; Table I). Also, intra-vessel competition for fish
schools is apparently less in the modern fishery (with
about 20 vessels) than it was in the 1950's and 1960's,
when up to 100 ves els operated during summer from
the Middle Atlantic coa t to northeast Florida (Smith et
a!., 1987).

The large size of the menhaden schools that migrate
along the North Carolina coast in fall Gune and Reintjes,
1959; :--.Jicholson, 1971) no doubt accounts for the North
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Carolina fall region having the highest median catch
(38 t) of all regions. On the other hand, it is nut
surprising that Chesapeake Bay had the lowest median
catch (18 t), given that vessel competition within the
Bay (among 18-20 vessels) is intense, and that the
number of purse-seine sets within the Bay is an order of
magnitude greater than in other regions. Nicholson
(1972) concluded that fishing in tensi ty above a certain
level in Chesapeake Bay tended to decrease menhaden
availability. Although set-specific catch data were un
available to him at the time, he speculated that intense
fishing pressure affected the mechanism bywhich small
menhaden schouls cualesced into larger unes. CDFR
in formation frum 198f) Crable J) may con firm his sus
picions, as only ten vessels fished in Chesapeake Bay
that year (one plant was inactive) and median catch per
set for the fleet increased to 30 t.

In terms of catch, Chesapeake Bay is the center of the
modern Atlantic menhaden fishery, as revealed by CDFR
data summaries. Over the study period, catch within
Chesapeake Bay averaged 149,500 t, wh ic h accounted

for 52% of the catch by the Virginia ami North Carolina
fleets. If catches from Virginia's Eastern Shore and
Virginia Beach areas are added 10 catch in Chesapeake
Bay, catch in Virginia waters amuunted to 194,400 1

annually, or 67% of the total catch by vessels fmrn
Virginia and North Carolina. Other areas along the
coast were seasonally important to the ftshery. Catches
uffNorth Carolina annnally amounteo to 49,100 t (17%
uf the catch), with the bulk of the catch during Novem
ber and December as migratory fish moved south past
the Torth Camlina capes. Despite the travel time of
almost 24 h one-way from Reeoville, Virginia, 10 the
Middle Atlantic area, Delaware Bay (thmughJ uly 19!:J2)
and the New Jersey coast were important alternate fish
ing grounds for the Virginia fleet (and, rarely, r\orth
Carolina vessels) rromJune to September. Vessels gen
erally visited these areas when fish became scarce in
Chesapeake Bay, and/or when intra-vessel competitiun
for fish intensified within Chesapeake Bay. Extra travel
time and expense were offset by the grL'ater fish-oil
yields from the larger and older fish usually found in
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the Middle Atlantic. Closure of Delaware Bay to pur~e

seine fishing in 1992 reduced historical fishing grounds
available to the menhaden fishery, and probably served
to increase fishing activity off the New Jersey coast.

Information attained from CDFR's confirmed the
coastal nature of the Atlantic menhaden fishery, al
though historical comparisons of sets by distance from
shore are unavailable. Along the. ewJersey coast (where
since] 989 fishing has been prohibited less than 1.2 mi.
from shore), 50% of the catch came from within 2.0 mi.
of the ocean beaches. Along Virginia's Eastern Shure
and Virginia Beach areas, 75% and 83% of the catch,
respectively, were harvested within 3 mi. of the coast.
Off lorth Carolina, where until recently few restric
tions on distance from shore existed, 70% of the catch
on average came from within 1 mi. of the shoreline.
Recent regulatory measures established in North Caro
lina to prohibit purse seining within 1.5 mi. of some
densely populated beaches in Dare County (nonhern
Outer Banks) in summer, and within O.S mi. of these
beaches in fall, have reduced the fleet's access to
nearshore waters.

More stringent regulatory actions are pending or
have recently been enacted in New Jersey, New York,
Connecticut, and Rhode Island. As conflicts between
user groups arise, state regulatury agencies have often
responded by closing nearshore areas to menhaden
purse seining. In general, these measures have not been
based on sound biological evidence (AMAC2), and they
jeopardize the menhaden industry's ability to season
ally utilize traditional nearshore fishing grounds.

Counter to the nearshore nature of the menhaden
fishery along ocean beaches, catches in the main stem
of Chesapeake Bay occurred farther from shore, as 47%
of the catch within the Bay (69,700 t on average) was
harvested more than 3 mi. from shore. The CDFR data
suggest that menhaden are more abundant in the deeper
portions of Chesapeake Bay, farther from the shore
line, although vessels may actively avoid shallow
nearshore areas and potential gear conflicts with the
myriad of blue-crab pots that saturate shalluw areas of
the Bay.

An additional phenomenon in Chesapeake Bay was
the fact that a majority of the fishing activity was in
areas adjacent to the Reedville fish factories. Reasons
for this are probably threefold. First, if fish were scarce
or reluctant to "show" in near-surface waters, captains
were more likely to wait for schools to appear near their

2 Atlantic Mt'nhaden Advisory Committee (AMA(:). 1992. Fishery
management plan for Atlantic menhaden, 1992 revision. Atlantic
States Marine Fisheries Commission Fishery Management Report
22, 159 p. Available from ASMFC. 1444 Eye Street, N.W., 6th
floor. Washington, D.C. ~W005.

home port, rather than to travel to more distant fishing
grounds. Second, captains often choose to "top-off' the
fish hold with a set near the factory upon return from
more distant fishing grounds. Third, and perhaps more
important, Maryland has historically prohibited purse
seining for menhaden within its state waters. Thus, the
Maryland portion of Chesapeake Bay is an enormous
refuge for men haden schools. If fish schools along the
border line move slightly south into Virginia waters,
they become available to the Virginia fleet in an area
adjacent to the port of Reedville.
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Appendix Table 1
Mean number of purse-seine sets for Atlantic menhaden in ocean areas (including Delaware Bay) by month, 1985-96.

% of
Mean sets/ coastwide

Area Apr May Jun Jul Aug Sep Oct Nov Dec Jan-Mar fishing yr sets l

New York-Rhode Island 25 18 33 11 13 6 106 1.0
New Jersey 12 121 195 110 66 8 512 4.9
Delaware 2 17 II 11 63 19 123 1.2
Delaware Bay 71 227 65 32 B7 1 483 4.6
Maryland 2 5 6 3H 26 77 0.7
Virginia

Eastern Shore 22 122 108 87 1211 18'\ 3 6 657 6.2
Virginia Beach 121 125 83 83 85 137 146 93 873 B.3

North Carolina
Cape Hatteras 8 28 18 12 4 46 180 13H 2 436 4.1
Cape Lookout 2 6 4 17 4 12 15 71 63 15 209 2.0
Bogue Banks 8 17 11 17 20 45 15 42 Bl 17 273 2.6
Wrightsville 2 6 5 2 2 3 8 11 2 41 0.4
Long Beach 6 9 14 15 18 9 1 1 73 0.7

J Includes sets in Chesapeake Bay.

Appendix Table 2
Mean catch of Atlantic menhaden In thousands of metric tons from ocean areas (including Delaware Bay) by month,
1985-96.

M:ean catch/
Area Apr 'vIay Jun ]ul Aug St>p OCl No\' Dec Jan-Mar fishing yr l

'\ew York-Rhodt> Island 0.9 0.6 J .6 0.5 0.6 02 4.4

I\ew Jersey 0.4 4.0 8.5 5.0 3.2 02 21.3

Delaware <0.1 0.4 0.4 0.'1 2.4 0.7 4.3

Delawart> Bay 1.4 5.3 2.1 0.9 32 <0.1 12.9

'vlaryland 0.1 0.3 0.2 1.4 1.2 3.2
Virginia

Eastern Shore 0.7 38 '1.1 2.9 :).8 6.9 0.1 02 23.5
Virginia Bt>ach 2.5 3.0 2.0 21 2.5 3.3 3.7 2.6 21.6

:\Ionh Carolina
Cape 11atteras 0.2 08 0.5 0.4 0.3 1.9 8.3 5.9 0.1 18.6
Cape Lookollt 0.1 0.3 0.1 0.4 O. I 0.4 0.5 4.0 4.4 U 11.4
Bogue Banks 0.3 0.7 0.4 0.4 0.4 2.0 0.4 22 5.3 1.0 l3.2
"highlsville 0.1 0.3 0.3 0.1 <0.1 0.1 0.2 05 1.0 0.2 2.7

Long Beach 0.1 05 u.7 O.H 1.0 0.4 <0.1 <0.1 3.5

I Values differ slightlv from 12-yr means in Table 'I due 1.0 rounding.
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Appendix Table 3
Mean number of purse-seine sets for Atlantic menhaden in Chesapeake Bay areas by month, 1985-96.

Mean sets/ % of Chesapeake % of coast-
Area May Jun .lui Aug Sep Oct Nov fishing yr Bay sets wide sets l

Smith Point 93 211 298 373 339 394 135 1,843 27.5 17.5

Pocomoke 137 184 62 111 72 .~7 24 647 9.7 6.1

Rappahannock River 165 235 332 361 302 185 67 1,647 24.6 15.6
Si Iver Beach 32 61 25 67 39 53 17 294 4.4 2.8

York River 112 131 149 294 136 70 18 910 13.6 8.6

Cape Charles 125 141 57 152 105 119 40 739 11.0 7.0

Ocean View 107 96 93 J55 98 44 27 620 9.3 5.9

1 Includes ocean areas.

Appendix Table 4
Mean catch of Atlantic menhaden in thousands of metric tons from Chesapeake Bay areas by month, 1985-96.

Mean catch/ % of Chesapeake % of coast-
Area May Jun .lui Aug Sep Oct Nov fishing yr Bay catch wide catch I

Smith Point 1.9 4.7 7.0 8.9 6.8 R.2 3.3 40.9 27.4 14.1
Pocomoke 3.0 4.0 1.1 2.5 1.3 1.0 0.5 13.3 8.9 4.6
Rappahannock River 2.8 4.2 8.1 8.2 6.1 3.2 1.8 34.4 231 11.9
Silver Beach 0.7 1.3 0.6 1.4 0.7 1.0 0.5 6.3 4.2 2.~

York River 2.1 3.0 3.9 7.3 3.3 1.3 0.5 21.3 14.3 7.3
Cape Charles 2.6 3.8 1.6 3.8 2.3 2.3 1.2 17.5 11.7 6.0
Ocean View 2.~ 2.5 2.5 4.0 2.7 09 0.7 15.6 10.4 5.6

1 Includes ocean areas.

Appendix Table 5
Mean number of purse-seine sets for Atlantic menhaden in ocean areas (including Delaware Bay) by distance from shore,
1985-96.

,\rea sO.5 mi 0.6-1.0 mi .1-2.0 mi 2.1-3.0 mi >3.0 mi

;-.Jew York-Rhode Island 14 32 3R 12 9

~ew Jersey' 153 247 82 117
Delaware 121

Delaware Bay 51 426
~aryland 77
Virginia

Eastern Shore 72 139 186 109 146
Virginia Beach 179 238 188 112 144

;-.Jonh Carolina
Cape llatteras 183 145 75 19 16
Cape Lookout 9R 54 34 13 17
Bogue Banks 176 47 33 13 16
Wrightsville 25 R 4 I 4
Long Beach 31 12 19 10 I

1 ~ew Jersey permitted purse seining beyond 0.6 mi. frum the coast until 1989, thereafter beyond 1.2 mi.
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Appendix Table 6
Mean catch of Atlantic menhaden in thousands of metric tons from ocean areas (including Delaware Bay) by distance
from shore, 19R5-96.

~.3 4.6 6.5
4.5 6.0 4.6

7.2 5.9 3.6
4.9 2.4 22
7.4 2.1 1.6
1.5 0.5 0.3
1.5 0.6 0.8

Area

New York-Rhode Island

New Jerseyl

Delaware

Delaware Bay

Maryland

Virginia
Eastern Shore
Virginia Beach

North Carolina
Cape Hatteras
Cape Lookout
Bogue Banks
Wrightsville
Long Beach

sO.5 mi

0.7

0.6-1.0 mi

1.4

2.3

J.l-2.0 mi

1.4

10.3

2.1-3.0 mi >3.0 mi

0.4 0.4

3.7 4.2

4.2

1.2 9.7

4.4

4.1 5.8
2.7 3.6

1.0 0.8
0.8 1.0
0.7 1.1
0.1 0.3
0.6

I New Jersey permitted purse seining beyond 0.6 mi. from the coasl until 1989, thereafter beyond 1.2 mi.

Appendix Table 7
Mean number of purse-seine sets for Atlantic menhaden in Chesapeake Bay areas by distance from shore, 1985-96.

Area sO.5 mi 0.6-1.0 mi 1.1-2.0 mi 2.1-3.0 mi >3.0 mi

Smith Point 12 74 277 475 1,003
Pocomoke 7 54 JR6 188 209
Rappahannock River 21 1!'~ 336 340 799
Silver Beach 3 19 57 63 150
York River 3 5fi 168 193 484
Cape Charles 10 RI 212 201 232
Ocean View 8 47 145 169 248

Appendix Table 8
Mean catch of Atlantic menhaden in thousands of metric tons from Chesapeake Bay areas by distance from shore, 1985-96.

Area sO.5 mi 0.6-1.0 mi 1.1-2.0 mi 2.1-3.0 mi >3.0 mi

Smith Point 0.3 1.7 63 10.fi 21.8
Pocomoke 0.2 1.2 3.9 3.9 4.2
Rappahannock River 0.4 2.9 7.1 7.2 16.8

Silver Bear h 0.1 0.5 1.3 1.2 3.2

York River 0.1 1.1 3.5 4.6 11.8

Cape Charles 0.2 2.0 4.9 4.7 5.7

Ocean View 0.2 1.2 3.7 4.4 6.2


