i

[

- . y L

( v
- T .

,
.

m EE .

SH
167
A7
N67
1989

NORTH CAROLINA ALOSID FISHERIES MANAGEMENT PROGRAM

by

Sara E. Winslow

North Carolina Department of Natural Resources
and
Community Development

Division of Marine Fisheries
.. Morehead City, NC 28557 -~ .- -

Completion Report for Project AFC-27

May 1989

This project was supported under the Anadromous
Fish Conservation Act {PL 89-304, as amended)
and funded, in part by the U.S. Department of
Commerce, National Marine Fisheries Service,
under Project No. AFC-27.

204



- .-

i
R
‘ ! o - - - - - - -
[l
Yo

T

Ay
N T

SHIvEAF MbT 87

AUG 11 w7

-

TABLE OF CONTENTS

INTRODUCTION . 1
STUDY AREA . . 4
MATERIALS AND METHODS 5
Spawning Area Survey 6
Nursery Area Survey . 6
Albemarle Sound Area . . 6
Currituck Sound Area . . 6
Commercial Harvest Survey . . 6
Adult Sampling 9
Contribution of Year Class (Number of . . 11
Indijviduals) to Harvest A
American Shad Report . . . . . . . . . . . . . . . . ... 11
RESULTS AND DISCUSSION . . . . . . . . . . . . . . . . . . . .. 11
Spawning Area Survey . . . . . . . . . . . . . ... ... 11
Pasquotank River and Tributaries . . . . . . . . . . . 11
Little River and Tributaries . . . . . . . . . . . .. 15
Perquimans River and Tributaries . . . . . . . . . . . 15

Yeopims River and Tributaries
isenybicediSanpliag :
Albemarle Sound Area . .

Nursery Area . . :7u . . . R
Growth . . . . . . . .. e e e e e e e e e e e e e 32
MOVEMENt . . . . . e o e e e 32
Relative Abundance . . . . . . . . . . . . . . . ... 32
Currituck Sound Area . . .
il Nursery Areas wooiiimllo L B R 13
Growth . A
Movement . . . . . . . . . .. . L0000l 36
Relative Abundance . . . . . . . . . . . . . ... L. 39
Commercial Harvest Survey . . . . . . . . . . . . . . . .. 39

Adult Sampling . . . . . . . . . . . . e e e 39
Species Composition . . . . . . . . . . .. . .. .. 39

US Department of Commercea

NOAA Coastal Services Center tibrary
2234 South Hobson Avenue

Charleston, SC 29405-2413

i



Sex Ratios .

River Herring . .

American Shad . ..

Hickory Shad . . . . . . .
Mortality . . . . . .. e e e e e e e e e e

Blueback Herring . . . . . . .

Mewife . . . . . . . . . . ..

American Shad . . . . . . . .

Hickory Shad . . . . . . . .

Age and Spawning Class Composition
Blueback Herring . . . . . . . . . . . . . . ..
Mewife . . . . . . . . . .. ... e e e e e
American Shad . . . . . . . . ..

Albemarle Sound Area . . . . . . . . ..

Quter Banks . . . . . . . . ..

Pamlico River . . . . . . . . . . e e e e

Neuse River . . . . . . . . . . . . ...

Cape Fear River . . . . . . . e e e e .
Hickory Shad . . . . . . e e e e e e e e

Contribution of Year Classes . . . . . . .. e e e e e e

(Number of Individuals) to Harvest A
DEVELOPMENT OF MANAGEMENT AND RESEARCH ALTERNATIVES .
Discussion . . . . . . L L0 L oL L0 e Do
ACKNOWLEDGEMENTS . . . . . . . . . . . e e e ..
LITERATURE CITED . . . . . . . . . ..
APPENDIX

44
44
48
48
49
49
49
50
50
50
50
64
66
66
74
74
79
80
80

85

99
.99

101
102

1



[N
3

INTRODUCTION

Anadromous fishes have been important to North Carolina fishermen
for many decades. Fisheries in the Albemarle Sound area predate the
American Revolution. The principal commercial gears used to capture
these alosids have been pound nets and gill nets in the Coastal Sounds
and tributaries. Table 1 clearly shows that the Albemarle Sound area is
the center of the state's anadromous fisheries industry. Combined
landings of blueback herring (Alosa aestivalis), alewife (Alosa
pseudoharengus), American shad (Alosa sapidissima), hickory shad (Alosa
mediocris), striped bass (M saxatilis) and sturgeons (Acipenser sp.)
have fluctuated over the years, principally due to the fluctuations in
river herring landings (blueback herring and alewife). The decline from
1969 to the extremely low 1981 level is unprecedented. River herring
landings have rebounded somewhat from the low in 1981 to a level in 1985
comparable to 1970-72. In 1977 and 1988, the lowest river herring
landings, respectively were recorded (Table 2). The river herring
landings during these years do not necessarily reflect the amount of
fish present but reflect the environmental and market conditions.
Sturgeon and striped bass landings are included in Tables 1 and 2, so

- all _anadromous species taken in North Carolina's. commercial fisheries---

are shown. Sturgeon landings probably do not reflect the population as
these fish are incidental by catches of other fisheries.

Project AFC-27 is a continuation of anadromous fisheries research
and management activities initiated in the Albemarle Sound area during
1971 (Project AFC-8). The original objectives of the project were to

designate spawning and nursery areas, monitor juvenile year class

~ ~abundance, > ‘adult year class composition, to collect catch-effort

statistics form the Chowan River pound net fishery, and analyze and
report on American shad data that have been collected in the Albemarle
Sound area during 1972-1987. A
Since the landings of river herring, American shad and hickory shad
declined along the Atlantic Coast, all of the coastal states marine
fisheries management agencies have joined together with the National
Marine Fisheries Service and the U.S. Fish and Wildlife Service to

prepare a Cooperative Management plan for the resources. Data from past



Table 1. Relative importance of anadromous fish in North Carolina and in the
Albemarle Sound area as shown by commercial landings {from published
and unpublished data: NMFS, Branch of Statistics, Beaufort, NC; NC
Division of Marine Fisheries, Morehead City; and Zoology Department,
NC State University at Raleigh).

Percent of

Anadromous  anadromous

fish Albe- fish from

Total edible Anadromous  Percent ana- marle Sound Albemarle

Year finfish (1bs) fish (1bs) dromous fish area (lbs) Sound

1960 30,470,000 14,308,000 46. 13,469,000 94.1

1961 30,029,000 13,490,000 44, 12,766,000 94.7

1962 31,887,000 16,037,000 50. 15,101,000 94.2

1963 32,348,000 16,864,000 52. 15,979,000 94.8

1964 24,562,000 9,183,000 37. 8,402,000 91.5

1965 33,538,000 14,658,000 43. 13,570,000 92.6

1966 32,567,000 14,130,000 43, 13,114,000 92.8

1967 40,880,000 21,250,000 51. 19,678,000 92.6

1968 36,102,000 18,467,000 51. 17,016,000 92.1

1969 41,099,000 22,282,000 54. 20,831,000 93.5

1570 29,832,000 14,974,000 50. 12,475,000 83.3

1971 31,380,000 14,991,000 47. 13,542,000 90.3

1972 40,731,000 13,190,000 32. 11,952,000 90.6

1973 41,203,000 10,121,000 24. 8,594,000 84.9

1974 47,243,000 16. .2

7,730,000

@PWW\J@ON\JOJOON;HPO’-PCXJNNH@P\J-DH(.»)&OLO

6,357,000

0 - oo 14,
T S g e AR e R 1Y ; et R Ty :
1977 61,755,000, . 9.268,307  15.0 . 9.085.400 .  98. o
1978% | i 67,072,000.55 T 7,750,418 . | 11.6 -7 7,260,100.5 506318
82,248,000 6,047,481 7 5,468,600 T 80.47
- 91,528,000 7,011,745 7 _6,686,570k . .95.4
- 68,826,000 5,635,341 8 5,015,155 88.9
63,909,000 10,235,974 16 9,775,230 95.5
53,634,000 6,730,714 12 6,121,934 91.0
_ 68,706,000 7,586,407 11 7,010,639
fVﬁGQ 945 000~~‘— 7 ? 226~923 U7 11 979‘927“
60,089,000 7,418,490 12 7,067,319
51,813,000 3,843,751 7 3,583,587
61,571,596 4,669,266 7. 4,145,355

*Preliminary data, subject to revision in Fishery Statistics of the United

States.
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Table 2. Commercial landings of anadromous fishes in North Carolina,
1965 - 1988 (thousands of pounds).
River American Hickory Striped
Year herring shad shad bass Sturgeon
1965 12,826 1,069 202 484 77
1966 12,520 701 197 653 ' 59
1967 18,486 777 131 1,817 39
1968 15,525 842 141 1,912 47
1969 19,762 719 101 1,568 132
1970 11,521 953 61 2,318 120
1971 12,722 680 63 1,449 78
1972 11,237 468 69 1,261 154
1973 7,932 321 66 1,752 56
1974 6,237 369 42 1,016 93
1975 5,952 241 29 1,303 44
19786 6,401 167 19 1,038 46
1977 8,524 121 22 572 30
.1978* e 6,608 . 402 21 . . 698 .. ..
i e A R T e

i AR RS
32 S G

1980% : e 92 477 . 30
1981% " S ‘.J4,754-”2" B V-0 R U | RS '"*‘giiﬁrw-v”-' "”31“
1982% 9,438 412 25 _ 338 oz
1983* 5,868 446 70 361 18
1984% 6,515 585 60 - 513 45
1985 11,588 330 S o128
1986% T TTeLg1eT T T T cayy o T g T M ge T T T g
1987% 3,195 327 45 262 13
1988* 4,191 261 92 115 7

*Preliminary landings subject to revision in Fishery Statistics of the United
States.



projects as well as this project will be part of the database for this
plan, which is being coordinated by the Atlantic States Marine Fisheries
Commission's Interstate Fisherijes Management Program.

STUDY AREA

The Albemarle Sound area was thoroughly described by Street et al.
(1975), and Winslow et al. (1983 and 1985) (Figure 1).

MATERIALS AND METHODS
Spawning Area Survey

The designation of anadromous fish spawning areas was based on the
occurrence of one or more of the following criteria: (1) capture or
observation of running ripe females, (2) the actual observation of
spawning activity, or (3) the capture of eggs and larvae.

Potential river herring spawning areas were sampled in the
Pasquotank, Little, Perquimans and Yeopim rivers and their tributaries.
A1l are tributaries of the Albemarle Sound.

Monofilament gill nets from 4.57 m (15 ft) - 9.14 m (30 ft) long
with stretched mesh ranging from 57.2 mm (2,25 m) to 82.5 mm (3.25 in)
were fished in the above mentioned rivers and their tributaries during

1987 and ;1988 to-.determine ‘distribution of adult .river :herring. -Mets..
were set for up to 24 hours periods. Captured adult river herring were
idéntified, counted, measured, and _examined for spawning conditions.
Other species captured were also counted and noted. Surface water
temperatures were taken at the time the net was set and picked up.

Eggs and larvae were sampled during 1987 and 1988 with a 0.5 m
plankton net of #00 Nitex mesh with a wide mouth 0.95 1 jar attached to
the cod end. Plankton net samples were taken from bridges, with sample’
time being 15 minutes. Samples were preserved in 5% formalin and
returned to the 1laboratory where eggs and larvae were sorted,
identified, counted, and measured with a binocular microscope fitted
with an ocular micrometer. Water chemistry data, including

temperatures, dissolved oxygen and pH were recorded for each sample.

|

w



*RUL|0JR) YIAON €53L4RINGLA} S]L puUB BAJR pUnog djJeudqly 1 94nb1 4

aKNoe OJITRW

ALY . JULTTIRITY
voAvONTY HANOWAYS ONYO¥
vIAIN
f) oNONW3ddnOS

WIAIY JIHEYD

ANNOS 3NYW3INY

WAA I
NidO3A

| VA NIvY3109
) | SHMYMNDYe

¥aAl N .
tRYYRA]

Q1LNVILY 3
W3AL ,.. C MAAIM
ANVIONDF V¢ : ._ . WINMIKIN

GNNOS JTuvRmIN Y
40 NOILYIOY ODNIMONS
= YNITOWYD HINON




Nursery Area Survey

Albemarie Sound Area

Eleven previously established stations were sampled monthly by
seine in the western Albemarle Sound area June-November 1986 through
1988 (Figure 2). During September of each year, an additional 14 seine
samples were taken throughout the Albemarle Sound area to determine
overall distribution and utilization of nursery areas (Figure 2).

The stations were sampled with a 18.5 m (60 ft) bag seine with a
6.3 mm (1/4 1in) mesh bag. One seine haul was considered one
unit-of-effort.

Samples were sorted to species, and up to 30 individuals of each
alosid specijes present were measured to the nearest millimeter, fork
length {mm, FL). Species other than anadromous fishes were also noted,
as were environmental parameters such as surface and bottom water

temperatures, dissolved oxygen levels and salinities.

Currituck Sound Area

In the Currituck Sound area, 16 previously established stations (1
trawl and & seune), were sampled month]y dur1ng June-October 1986-1988,

) Samp11ng.gear cons1stedbof a (1) 6 1m (20 ft) twoAseam‘f1at trawl‘

w1th 1.2 mm L_75 1n1_bar mesh in the body and 6.3. .mm { 25 1n}nbar ~mesh.”
in the tail bag, and (2) an 18.3 m (60 ft) bag seine with a 6.3 mm (.25

in) mesh bag. The f¥at trawl was towed for 5 mm at 1,500 rpm by'a:6.7

m (22 ft) boat equipped with a 150 horsepower outboard engine.
A1l fish species were identified and counted in each sample, with a

_maximum of 3G'fmshwperrspectes measured at -each-: statton,, Envwrenmemtal»

S o e e R

parameters such as ‘water temperature and sa11n1ty were measured at each

sample site.

Commercial Harvest Survey

During the fishing season (approximately February-May), weekly

pound net landings were obtained by statistics program port samplers

from cooperating dealers and fishermen in the Albemarle Sound area. The
number of pound nets fished each week was obtained every other week.
Weeks were serially numbered beginning with the first full week in
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Nursery area sampling sites in Currituck Sound area, NC, 1985-1988.
(IWW=Atlantic Intracoastal Waterway.)
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January. The catch/effort (kg/pound net week) was calculated for the
Chowan River by dividing the total number of kilograms landed by the
total weekly number of active pound nets. This work was calculated in
conjunction with the North Carolina-NMFS Cooperative Statistics Program.

Adult Sampling

Commercial harvest sampling sites were the same as those reported
by Winslow et al. {1985). Data collected at these sites (Figure 4) were
assumed to be representative to total commercial landings in the
Albemarle Sound area. During February-May of each year, project
personnel visited at least three Albemarle Sound area fish dealers
weekly to obtain unculled samples of blueback herring, alewife, hickory
shad, and American shad. Commercial American shad fisheries were also
sampled in the Cape Fear River, Neuse River, Pamlico River, and along
the Outer Banks (ocean catch). These samples were taken on an
opportunistic basis by Division of Marine Fisheries staff, working in
each of those areas. Therefore, the samples may not be entirely
representative of the total populations found in each area.

Data from each site was obtained from unculled samples, whenever
possib]e, for determ1n1ng spec1es composition and sex rat1os In the

" “AlbemarTe Sound” area, up to 30 individuals of each species were’ ‘examined

weekly to determine fork length, sex, and weight. Fork lengths (FL)
were measured to the nearest millimeter, and weights were taken in
kilograms. Scale samples were taken and processed in the same manner as
described by Street et al. (1975). Up to 200 American shad were
examined from each of the other areas to determine size (mm, FL) and
sex, and scale samples were taken for ageing. .

Due to the large number of alosid scales samp\es taken and the
time-consuming process of ageing, stratified subsampling for ageing was
used during the project. The techniques used in which modal length
groups were subsampled were similar to those developed by Ketchen
(1950). Blueback herring and alewife were separated by sex into 10 mm
modal size groups. American shad and hickory shad were separated by sex
into 25 mm modal size groups. At least half of the scales in each size
group were aged if 15 or more samples were present; in those with less
than 15, all were aged. The subsamples were expanded to obtain the age
composition estimates for each species.
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Contribution of Year Class (Number of Individuals) to Harvest

Blueback herring and alewife from the Chowan River for which age,
sex, and weight data were available were placed in the appropriate year
classes for each week sampled during 1986, 1987, and 1988. The number
of 1individuals of each year class was followed weekly through the
sampling period. The number of blueback herring and alewife landed for
a week of a particular sex and age class was calculated by multiplying
the landings (kg) by the percent weight of the landings made up of that
sex and age class divided by the mean weight of that sex for that year
class during that week. To obtain the estimated number of individuals
the following calculations were performed:

Number of individuals landed = Landings (kg) x % wt of sex + year class
wt of sex, of year class

To obtain % wt of sex, year class:

wt of sex of year class
wt of all year classes, both sexes

American Shad Report

Data co\1ected on A\bemar]e shad from 1972_1987&1n the Albemarle

S G B e
%naf@zéﬁ and a report wr1tten und’ rate COVar.

v _»_RESULTS AND DISCUSSION - oL :;lgiif"
Spawn1ng Area Survey

Locations and times of river herring spawning were determ1ned for
the Pasquotank, Little, Perquimans, Yeopim rivers and their tributaries

S, SO A ST e -y

Pasquotank River and Tributaries

The dates of capture, ]ocat1on, number, and species of running- ripe_
female taken by gill net from the Pasquotank area are shown in Table 3.
A1l of the running-ripe females were captured in 1987. Table 4 shows
the number and general locations of capture of alosid larvae from the
study area. The approximate spawning area of blueback herring, as shown
by observation of running-ripe females or spawning observed, are shown

in Figures 5 and 6. 1n 1988, no river herring larvae were captured, but
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Table 3. Observation of running-ripe female river herring in the Pasquotank
River and its tributaries 1987. (None captured in 13888.)

Date Location Number of fish Species
04/09/87 Mill Dam Creek, NC Hwy 343 1 Blueback
04/13/87 Knobbs Creek, US Hwy 17 1 - Blueback
04/16/87 Sawyer's Creek, NC Hwy 343 2 Blueback
04/16/87 Sawyer's Creek, SSR* 1200 Spawning observed Blueback

*SSR: State Secondary Road

Table 4. River herring larvae collected by egg net in Pasquotank River and its
tributarijes, 1988. (None captured in 1987.)

Date Location Number of larvae
05/05/88 Joyce Creek, NC Hwy 343 .2
Cosfos/88" T T New Begun Creek, NC Hwy 34 T TRy o

" Table 5. Observation of funning-ripe female river hérfihg‘fh the Little River

and its tributaries, 1987. (None captured in 1988.)

Date Location Number of fish . Species
04/10/87 Little River, US Hwy 17 1 ’ Blueback
04/14/87 Halls Creek, SSR* 1140 1 Blueback

*SSR: State Secondary Road
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the approximate spawning location, as indicated in 1987 by capture of

larvae, are shown in Figures 7 and 8.

Little River and Tributaries

Locations and times of blueback herring spawning in the Little
River area, as indicated by capture of running-ripe females, are given
in Table 5. No running-ripe females were captured during the 1888
sampling season. Running-ripe female blueback herring captured in the
Little River are shown in Figure 9. No river herring eggs or larvae
were captured either year.

Perquimans River and Tributaries

River herring spawning area in the Perquimans River area, as
indicated by capture of running-ripe females in 1987 and 1988, are shown
in Table 6. One river herring larvae was captured during 1987 in
Brights Mill Creek (Table 7); 1988 yielded no larvae. Figures 10 and 11
show the approximate spawning areas of alewife and blueback herring in
the Perquimans River area as shown by observation of running-ripe
females. The approximate spawning area locations for river herring as
1nd1cated by the capture of 1arvae is presented in Figure 12.

’Yeopfmsﬁkfver “TRe

Tﬁu?arwes

ATl observations of running-ripe female blueback herring oCcun}ed
in 1987 (Table 8). The general location of capture of river herring
larvae from the Yeopim River area is shown in Table 9. The approximate
spawning locations of blueback herring is presented in Figure 13. River
herring spawning area, as indicated by capture of larvae, is shown in
F}gure 14 ST S S S R R e oot Sl

R T

Some of the areas determ1ned by Street et al. (1975) ahd Johnson
et al. (1977) to functions as river herring spawning areas did not do so
during this study. The Albemarle area experienced a very wet and cold
spring in 1987 (Figure 15). The 1988 season was also variable--the
weather was cold; thus, water temperatures fluctuated over a wide range
{(Figure 16). Due to weather conditions {cold temperature and high
water), these may have been an impact on traditional spawning areas. 1In
1987, as a result of the heavy rains and run-off, dissolved oxygen
levels were extremely low in the tributaries to the rivers. The
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Table 6. Observation of running-ripe female river herring in the Perquimans
River and its tributaries, 1987 and 1988.

Date Location Number of fish Species
04/02/87 Goodwin Creek, SSR* 1111 1 Alewife
04/09/87 Goodwin Creek, SSR 1111 1 Blueback
04/24/87 Sutton's Creek, SSR 1300 Spawning observed Blueback
04/04/88 Walter's Creek, Church St. Ext. 1 Blueback
 04/06/88 Bright's Mill Creek, 1 Blueback
US Hwy 17 Business
04/06/88 Goodwin Creek, SSR 1111 2 Blueback
04/07/88 Bright's Mill Creek, SSR 1220 1 Blueback
04/07/88 Walter's Creek, SSR 1107 1 Blueback
04/28/88 Bright's Mi11 Creek, SSR 1220 1 Blueback
04/28/88 Goodwin Creek, SSR 1111 1 Blueback

*SSR:  State Secondary Road

Table 7 River herring larvae collected by egg net in Perqu1mans R1ver and its

B - tributaries, 1987.. (None captured in 1988.) R r;'CTT-ﬂ-fﬁé,lif
Number

Date Location ' of larvae

05/06/87 Bright's Mil11 Creek, US Hwy 17 Business : 1
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Table 8. Observation of running-ripe female river herring in the Yeopim River
and its tributaries, 1987. (None captured in 1988.)

Date Location Number of fish Species

04/15/87 Bethel Creek, SSR* 1101 1 Blueback
04/24/87 Yeopim Creek, SSR 1347 Spawning observed Blueback
04/24/87 Burnt Mil1l Creek, SSR 1343 Spawning observed Blueback
04/24/87 Middleton Creek, SSR 110 Spawning observed Blueback

*SSR: State Secondary Road

Table 9. River herring larvae collected by egg net in Yeopim River and its
tributaries, 1988. (None captured in 1987.)

Hie: LT T T e
05/09/88 Bethel Creek, SSR*1101 5

SSR: State Secondary Road
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dissolved oxygen levels during 1988, were higher than those of 1987, but
during week 16 through 19, it was less than optimum (Figure 15 and 16).
The Jow dissolved oxygen levels could have caused eggs and/or larvae to
have died. The mean water temperature and dissolved oxygen levels by
week, associated with capture of river herring larvae for 1987 and 1988,
are shown in Figure 15 and 16, respectively.

Those areas identified as spawning sites are extremely important
for the maintenance and preservation of anadromous fish populations and
should be protected from alteration and pollution.

Nursery Area Sampling

Albemarie Sound Area

A total of 10,479 juvenile anadromous fishes was captured in 278
seine samples in the Albemarle Sound area, June 1985-October 1988. The
major objectives of the sampling was to determine a relative abundance
index of the 1985-1988 year classes. The number of individuals and
samples taken each year are shown in Table 10.

In 1985, a total of 102 juvenile American shad was captured; the
Yargest number during any previous year. Ninety-three of these

individuals_were--captured at.one_ station during Jduly. . -Since.:se.few
e : s - IS R T R e e ]

*Amer1caﬁnshed“121)vWere captured“fhe*dﬁher years, and no hickory shad,

these spec1es_w111fnqtmpe-pgp§1dered furtherr1n_tbe_report.  Winslow et .

al. (1983) described severé]'possib1e reasons why these juveni]es'are:
not captured during the sampling period. ER TR
The seine again proved a very effective gear for the capture of
juvenile blueback herring during 1985-1988. These data agree with that
;reported by Street . et al (1975),: Johnson et al. (1981}»andaWJnlehg

oo Y

et al. (1983 and 1985) The mean catch- per unit- of effort (CPUE) by
month for blueback herring and alewife, for seine, is shown in Figure
17.

Nursery Area

Nursery areas of blueback herring and alewife generally coincided
with each other. Again, nursery areas identified during 1972-1976
continued to yield large numbers of juvenile anadromous fishes (Street
et al. 1975, Johnson et al. 1977). Nursery areas in the Albemarle Sound

area are shown in Figure 18. These nursery areas are vitally important
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Table 10. Number of samples, catch, and catch/effort of juvenile anadromous
fishes by seine in the Albemarle Sound area, NC, 1985-1988.

1985 1986 1987 1988

71 samples 69 samples 69 samples 69 samples
Species No. C/E No. C/E No. C/E No. C/E
Blueback herring 7,131 100.4 781 11.3 1,378 19.9 602 8.7
Alewife 201 2.8 127 1.8 0 0 10 0.1
American shad 102 1.4 6 0.1 8 0.1 7 0.1
Hickory shad 0 0 0 0 0 0 0 0
Striped bass 50 0.7 12 0.2 7 0.1 57 0.8
Total 7,384 926 1,393 676
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the Albemarle Sound area. NC., 1985-1988.
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for the maintenance of river herring populations and should remain
protected and unaltered as stated by Street et al. (1975).

Growth

The 1985-1988 year classes of blueback herring and alewife were
followed June-October of each year for growth. The mean fork length of
juvenile blueback herring and alewife for each month of sampling, by
year, are presented in Figure 18. These data generally agree with that
reported by Street et al. (1975), Johnson et al. (1977, 1981) and
Winslow et al. (1983,1985). Figure 20 shows the mean fork lengths of
juvenile for the month of October during 1972-1988. As reported by
Winslow et al. (1983), mean lengths compared with the relative abundance
index of juveniles for those years (Figure 21) suggest that growth may
be density dependent.

Movement

The movements of the 1985, 1986, 1987, and 1988 year classes of
blueback herring and alewife were virtually the same as those reported
by Street et al. (1973), Johnson et al. (1977, 1981), and Winslow et al.
(1983, 1985).

+7. Relative: Abundance -

Sampling with seines, which Street et al. (1975) proved effective,
was again used in order to compare resuits from difficult samples taken
with the same gear. Changes in juvenile abundance from year to year
should be apparent from such data.

Relative abundance data have been collected on seventeen year
classes (1972-1988) of blueback herring and alewife. For comparative
purposes, data are presented on a growth year basis rather than by
calendar year; that is,June through December, rather than January
through December.

Street et al. ({1975) , Johnson et al. (1977, 1981) and Winslow et
al. (1983, 1985) reported that blueback herring were far more numerous
than alewife, and this trend continued in 1985-1988. The catch-per-unit-
of-effort data from the monthly seine stations during 1972-1988 are
presented in Figure 21. The 1985 year class strength for blueback
herring was comparable to that of 1975 and the highest of the four

B
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Figure 19. Mean fork length of blueback herring and alewife by

from Albemarle Sound area, NC, 1985-1988.
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Figure 21. Catch-per-unit-of-effort by seine for blueback herring and alewife
1972-1988 year classes, from Albemarle Sound area, NC.
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years included in this report. The 1988 year class strength was higher
than that of 1981,but the second lowest on record.

The CPUE for alewife in 1985 was the largest of the 1985-1988 year
classes and comparable to that found in 1979. No juvenile alewife were
captured in 1987--this 1is unprecedented. In 1988, the year class
strength was comparable to that reported for 1972.

Currituck Sound Area

During June 1985-October 1988, a total of 85 juvenile anadromous
fishes was captured in 269 samples. Blueback herring was the most
abundant species (Table 11).

The seine proved to be the most effective capture gear for blueback
herring (37) and alewife (10). This agrees with Winslow et al. (1983)
for 1982, that the seine was the most effective gear. Throughout this
project, so few juvenile alosids were captured, monthly and well as
total, any comparisons would be difficult. In July 1985, 67 individuals
of the four year total (85) were captured.

Nursery Areas

Those areas found to function as nursery areas for Jjuvenile

-anadromous - species- in- the «Currituck Sound area -during this preoject -

closely agree with those reported by Winslow et al. (1983, 1985) (Figure
22). Additional nursery areas in Currituck Scund area may be delineated
with further'samp1ing. Again, it must be stressed that those waters
designated as nursery areas are -critical for the maintenance of
anadromous fish and should be protected.

Growth

Due to so few blueback herring and alewife being captured and the
“irregular capture rates mean monthly fork lengths of the 1985-1988 year
classes could not be followed.

Movement

So few individuals were captured during the project that movements

could not be defined.

‘N G B P I N TN N O E =
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Table 11. Number of samples, catch, and catch/effort of juvenile anadromous
by trawl and seine in the Currituck Sound area, NC, 1985-1988.

Trawl 1985 1986 1987 1988

40 samples 40 samples 50 samples 54 samples
Species No. C/E No. C/E No. C/E No. C/E
Blueback herring 26 0.6 1 0.02 0 - 0 -
Alewife 5 0.12 1 0.02 0 - 0 -
Hickory shad 4 0.1 0 - 0 - 0 -
Total 35 2 0 0
Seine 1985 1986 1987 1988

20 samples 20 samples 25 samples 20 samples
Species No. C/E No. C/E No. C/E No. C/E

-2 Blueback herring . .27 - . 1.3 ....1 .. -.0.05 0 - 9 - 0.85

Alewife 10 0.5 0 - 0 - 0 -
Hickory shad 0 - 0 - 0 - 0 -
Striped bass 0 - 0 - 0 - 1 0.05
Total 37 1 0 10
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relative Abundance

The 1985 relative abundance (1.4) of blueback herring from the
Currituck Sound area is comparable to that in 1983 (1.5) with the seine
(Figure 23). However, that found for 1986-1988 was even less. During
1985, a CPUE of 0.5 alewife was determined with the seine; no juvenile
alewife were captured 1986-1988.

Commercial Harvest Survey

The Chowan River river herring pound net fishery catch-effort
statistics for 1986-1988 are presented in Tables 12-14. During 1986, no
significant catches of river herring occurred prior to week 9 or after
week 20. In 1987 and 1988, no significant catches were made prior to
week 10 or after week 10 and 21, respectively.

The catch of river herring during 1986 (2,627,036 kg) was higher
than that of 1984 (2,071,070 kg) (Winslow et al. 1985). The 1987 and
1988 total catch of river herring for the Chowan River were the lowest
on record, 1,062,469 kg and 1,117,181 kg, respectively. The total catch
for 1987 was down 59.6% and 57.5% for 1988 compared to the 1986 catch.

The decrease in the 1986 harvest may have been a result of the

-Fishermen-being- put-on:tay.days by -the: dealers.:= The fishermei feported:
that there were fish available but no market existed. In 1987, the
spring season was characterized by extremely high waters and co\d-Water
temperatures. As well, the 1988 season experienced cold weather, thus,
low water temperature throughout the season. However, during both years
fishermen reported large numbers of fish were present, but remained in
the channel portion of the river, thus, not entering the pound nets.
(week 19), and 1988 (week 17). During the three year project period,
1987 had the largest amount of effort, while 1988 effort was greater
that that for 1986.

Adult Sampling

Species Composition

Weekly river herring and shad sampling for species composition
began in mid-February. Weeks were serially numbered as in the

commercial harvest survey for consistency.

. The peak week.occurred - earlier in 1986 - {week 13}, then~in 1987 .~ . =



— — — Blueback herring

30 —
Alewife
25 _l
‘ \
= !
o {
(S
w 204\
[UE]
0 \
= \
s |
= ‘
= \
10~ |
X
Q \
'_
< i
(& ]
5-7 \
\
ke o N ek e E e e e
\ ~ // \\‘- —_—‘_‘ [
0 =y ﬁq;.r_-}——r ] I I . =
1982 1584 1986 1988 - 1990 1992
YEAR CLASS

Figure 23. Catch-per-unit-of-effort by seine for blueback herring and
alewife, 1982-1988 year classes, for Currituck Sound area,
NC.

40

B Il S R An AN BE BN BE BT By EE B TS D EE BE Sa Em
. !



41

Table 12. Catch/effort statistics for river herring taken in Chowan River,
NC, pound net fishery, 1986.

Effort

Weekly landings (Number of Catch per effort

Week (kg) {1b) pound nets) {kg) (1b)
9 5,432 11,964 104 52.2 115.0
10 6,537 14,398 295 22.1 48.8
11 54,495 120,034 382 142.6 314.2
12 72,129 158,874 451 159.9 352.2
13 697,635 1,536,642 451 1546.8 3407.2
14 689,986 1,519,793 451 1529.9 3369.8
15 381,089 839,403 451 844.9 1861.2
16 202,191 445,355 451 448.3 987.5
17 408,688 900,194 400 1021.7 2250.5
18 101,212 222,934 380 266.3 586.7
19 . 6,867 . 14,245 308 209  46.2
" éO o 1,135 2,500 117 9.7 21.4

Total 2,626,996 5,786,336*

* Total Chowan River pound net landings of 5,786,422 1b (2,627,036 kg) dur1ng
1986 include 86 1b. taken before the samp11ng per1od
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Table 13. Catch/effort statistics for river herring taken in Chowan River,
NC, pound net fishery, 1987.

Effort
Weekly landings (Number of Catch per effort
Week (kg) {(1b) pound nets) {(kg) (1b)
10 3,242 7,141 202 16.0 35.3
11 6,274 13,819 399 15.7 34.6
12 6,832 15,048 501 13.6 30.0
13 8,877 19,554 501 17.7 39.0
14 24,025 52,920 501 47.9 105.6
15 178,959 394,185 501 357.2 786.8
16 254,235 559,989 501 507.4 1,117.7
17 132,395 291,621 501 264.3 582.1
18 26,022 57,318 501 51.9 114.4
19 332,716 732,855 501 664.1 1,462.8
20 84,288 185,658 360 234.1 515.7

Total 1,057,865 2,330,108

* A ' ) -
Total Chowan River pound net landings of 2,340,239 1b {1,062,469 kg) during
1987 include 10,131 1b taken before and after the sampling period.
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e k1
Il AN N S =B a B B e (§!Ill B BN R N N BN Th O e =



43

Table 14. Catch/effort statistics for river herring taken in Chowan River,
NC, pound net fishery, 1988.

Effort
Weekly landings (Number of Catch per effort
Week {kg) {1b) pound nets) (kg) {(1b)
10 1,575 3,470 223 7.1 15.6
11 1,653 3,640 454 3.6 8.0
12 1,581 3,483 508 3.1 6.9
13 19,809 43,633 508 39.0 85.9
14 214,088 471,559 506 423.1 931.9
15 7,340 16,168 506 14.5 31.9
16 114,320 251,807 506 225.9 497.6
17 369,529 813,940 506 730.3 1,608.6
18 119,496 263,207 467 255.9 563.6
19 188,021 414,144 303 620.5 1,366.8
20 17,2317 170,125 101 164.7 1,684.4
21 ;8945 HIF 1017 118780 SHS e S

Total 1,116,543 2,459, 340%

*Total Chowan River pound net landings of 2,460,751 1b (1,117,181 kg) during
1988 include 1,402 1b taken before and after the sampling period.
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Commercial harvest sampling sites during the project (Figure 4)
differed somewhat for those reported by Winslow et al. (1985). American
shad and hickory shad were also sampled during 1986 from nets being
fished by division personnel as part of a gill net test project (Henry
1987).

Species composition of both alewife and blueback herring (by
number) were determined from unculled samples of commercial catches take
in the Chowan and Scuppernong rivers during 1986-1988. Early catches of
river herring examined at sampling locations during 1986-1988 were
dominated by alewife, with blueback becoming the dominant species at
approximately mid-season (Figures 24-26). During 1986, no alewife were
sampled in the Scuppernong River. Fishermen in this system were
extremely late setting their pound nets, resulting in only blueback
herring being captured.

Unculled samples taken from these sites were 1imited to 30 fish per
species, per week, because of time and personnel 1limits. Species
composition for the entire 1986 season, determined from sampling in
Scuppernong and Chowan rivers, was 76% blueback herring and 24% alewife.
The 1987 season yielded a species composition of 58% blueback and 42%

_ alewife. Dur1ng 1988 .the compos1t1on was 64% blueback herrlng and 36% ’
'a1eWife. These percentages genera]]y agree w1th percentages reported by

Johnson et al. {1981) and Winslow et al. (1983, 1985). The percentages
obtained were from the actual number of fish sampled. 1If the species
composition was calculated from the estimated number of individuals in
the harvest, the percentages would be significantly different. The
percentages obtained from the actual sample is probably representative
of the-stocksT

Sex Ratios

River Herring

During 1985-1988, sex ratios were obtained from combined data taken
of all sample sites. Pound nets in these areas are believed to be non-
selective. The male to female sex ratios for blueback herring in 1985
and 1987 were 1.5:1. Chi-square analysis for both years indicated a
significant difference from the expected ratio at the .05 level. A sex
ratio of 1.1:1 was found for 1986; Chi-square analysis at the .05 level
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Figure 24. Weekly species composition of the 1986 samples for the

Chowan River and Scuppernong River pound net fisheries.
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Figure 25. Weekly species composition of the 1987 samples for the

Chowan River and Scuppernong River pound net fisheries.
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was not significantly different. 1In 1988, a ratio of 1.9:1, male to
female, was obtained. A significant difference from a 1:1 ratic for
blueback herring at the .05 confidence level was determined in 1988.
The sex ratio of blueback herring obtained for each year are similar to
those that would result from the use of the estimated number of indivi-
duals data. A set ratio of 1.1:1, male to female, for alewife was
obtained in 1985 and 1988. Based on the Chi-square analysis (.05
level), the ratio was very similar to the expected. Sex ratios of 2.7:1
and 2.0:1, were obtained for alewife in 1986 and 1987, respectively;
analysis of Chi-square was significantly different for both years at the
.05 level. Utilizing the estimated numbers of individual data, the sex
ratios differ from the actual obtained but are very similar to the

hypothetical ratio.

American Shad

In 1985 and 1988, the American shad ma]e:fema1e ratio from the area
was 1.1:1; which was not significantly different at the .05 level. A
sex ratio of 2.8:1 was obtained from pooled data from the Albemarle
Sound area during 1986. Chi-Square analysis 1indicated the ratio

differed from the theoretically expected ratio (1:1) very significantly

(.05 level). The 1987 data yielded a ratio of 1.5:1 male to female.
This was found to bé.significantly different from the expected ratio,
utilizing the Chi-square analysis at the .05 confidence level. These
data are biased because the gill nets employed are selective for females
(Street et al. 1975). The actual sex ratio of the American shad
population is unknown.

Hickory Shad

Hickory shad sex ratios were also determined from combined data
taken at all sites. A sex ratio of 0.1:1, male to female, was obtained
from 1985 and 1988 data. Ratios were also determined in 1986 (0.3:1)
and 1987 (0.5:1). Chi-square analysis was highly significant during all
years at the .05 confidence level. Again, it should be noted that gill
nets are the predominate gear for hickory shad and are selective for
females (Street et al. 1975).
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Mortality

Survival estimates for 1985-1988 were computed using the Robson and
Chapman (1961) method. They showed that estimates of annual rates of
survival can be made from the catch curve of a single season if the
population 1is exposed to unbiased fishing gear beyond the age of
recruitment and if year class strength and survival rate remain constant
from year to year. Assuming these two requirements are met, total
annual survival rate(s) of blueback herring, alewife, American shad, and
hickory shad, were computed using the formula:

S = T where: T = N1+2N2+3N3+...+Nt, Nt=numbers in the t the age
N+T-1

group and N = N0+N1+N2+...Nt

Total annual mortality rates were calculated as the reciprocal of
survival. In this procedure the initial age in the samples (age I1II -
0) cannot be used since that year-class has not fully recruited to the
fishery; instead, the data for age I1V-0 must be coded to 0, V-1, coded

to 1 etc. This will probably make the survival rates lower and
mortality rates higher.

Blueback Herring-

The total annual mortality estimate for blueback herring during
1985 was 48.7%, the Towest value for the project period. An estimate of
51.1% was determined for 1986, similar to that found in 1980 (53%)
{Winslow et al. 1983). During 1987, the blueback herring mortality
estimate was 64.5%. Winslow et al. (1983) reported the annual mortality
estimate for 1981 was 74%; this agrees with that for 1988.

Alewife

Alewife annual mortality estimates for 1985 through 1988 were
51.7%, 64.7%, 69.6% and 64.4% respectively, for these years. A1l of

these estimates were less than those reported by Winslow et al. {1985)
for 1983 (74%) and 1984 (81.3%).
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American Shad

Total mortality estimates for American shad were determined for
1985-1988. ‘An estimate of 54.5% was found for 1985. During 1986, total
mortality was estimated at 51.7%, while the 1987 estimate was 51.2%. 1In
1988, the lowest estimate (47.4%) of the project period was obtained.
These estimates are similar to those reported by Winslow et al. (1985).
The variability of the mortality estimate is probably due to the biased

fishing gear.

Hickory Shad

The mortality rate for hickory shad in 1985 was 48.9% and 42.5% for
1986. These estimates are similar to that reported by Winslow et al.
(1985) for 1984 (44%). During 1987, the estimate of 65.7% was
determined. Total mortality in 1988 (53.0%) was similar to that of 1982
(50.0%) Winslow et al. (1983).

Age and Spawning Class Composition

Age and spawning class composition data for the total commercial
harvest and of the commercial harvest in each of the areas sampled
during 1985-1988 are presented in Tables 15 through 42. The data
presented in these tables are the expanded. number for stratified
subsampling of each area. These subsampling techniques were the same as
those utilized in Winslow et al. (1983, 1985). The 1985-1988 results
generally agree with those reported by Street et al. (1975), Johnson et
al. {1977, 1981) and Winslow et al. (1983, 1985).

The Scuppernong River fishermen were later than normal setting
their pound nets in 1985 and 1986. Thus, the alewife population was not
available to sampling. The Alligator River data probably do not
adequately represent the river herring population of this system since
the fishermen were active only during the early part of the season each

year.
Blueback Herring

In 1985, a total of 387 blueback herring scale samples was taken;
250 scale samples were subsampled for age determination. A total of 345
blueback herring scale samples was obtained in 1986; 223 were subsampled
for ageing. Two-hundred and ten were subsampled from the 1987 total

!

v
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N (317) for age determination. In 1988, blueback herring scale samples
were taken and 203 individuals were subsampled for ageing. For each
~ year, the subsamples were expanded for each modal size group (10 mm

groups) to obtain the age of the total sample.

Combined data from all sampling locations showed that males during
1985, 1987 and 1988 ranged from 3 to 7 years old, while in 1986, ages
ranged from 3 through 6 years. Female blueback herring in 1985 and 1988
ranged from 4 to 7 years old. 1In 1986, ages of females were found to be
from 4 to 8 years; while in 1987, ages ranged from 3 to 7 years. Age
groups 4-6 comprised 97.4% of the males and 96.2% of the females sampled
in 1985 (Table 15). These same age groups in 1986 accounted for 93.2%
of the ma]es and 94.8% of the females sampled (Table 16) During 1987,

age groups 4-6 (Table 18). This percentage is lower than the others
found during the project period. 1t should be noted, however, that
approximately 24% of the males sampled were age 3. This was probably a
result of the strong year class that was produced in 1985. Females in
»age groups 4 6 accounted for 98 1% of the samp]e 1n 1988 (Tab]e 18).

S T g L g A e A

I reported by Johnson et al. (1981) and Winslow et al (1983, 1985) f'
- - B\ueback herr1ng data combined from all" sampl}ng }ocattons durlng‘

l (Tab1e 17) Seventy-five percent of the males sampled in 1988 were in
1

“58.1%, 54.5% “73. 8% “and " 81.3%,7" respect1ve1y' “(TabTes™ “15- 18) Thef
percentages of virgin fish for the project period are similar to those

I 1985 1988 showed spawmng popu]atwns (sexes combmed) compr1sed of .
l reported by Johnson et al - (1981) for 1977-1979 and Winslow et

up to two spawn1ng marks 1985- 1988 Dur1ng 1985 1988, on\y 3.4% 5. 8%
2.2%, and.1.6% respectively, had spawned more than once. These values
are higher than those reported by Winslow et al. (1985) for 1983 "and
1984, but lower than"those veported for 1977-1982 (Johnson et al. ‘1981, =~~~

l Winslow et al. 1983).

These percentages continue to indicate a lack of older fish in the
spawning population. During 1985 (41.9%) and 1986 (45.5%), spawning
repetition (sexes combined) increased from that reported by Winslow
et al. (1985) for 1983 (32.7%) and 1984 (20.7%). That found for 1987
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Table 15. Age and spawning frequency of blueback herring and alewife from the
Albemarle Sound, NC, area. Data are combined from all sample sites,
1985 (M=male, F=female).

Blueback herring

Number of times spawned

Age 0 1 2 Total
Sex M F M F M F M F
Imr 5 0 _ 5 0
1V 48 13 48 13
v 80 78 67 23 147 101
Vi 0 1 25 34 4 2 29 37
VII 1 6 1 6
Total . 133 92 . 92 57. 5 8 230 157
Percent - 57.8 58.6 50.0 °  36.3 2.2 5.1
by sex
Percent 58.1 38.5 3.3
of sexes
combined
. A}ewifé' e e e Salt T aTmemniem e
Number of times spawned
Age . . . 0. ... . 1 . 2 i on. . . Total o -
Sex e e M R F R M L FZ o M EE Do F [ - M - osie " F

Total - 718 79 - . 59_ 42 1_ 5 . .;44 126
Percent. .. .54.2 . ... 62.7._..41.0 ....33.3......4.8_ .. 4.0 ..

by sex .

Percent : 58.2 37.4 4.4

of sexes v

combined
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Table 16. Age and spawning frequency of blueback herring and alewife from the
Albemarle Sound, NC, area. Data are combined from all sample
sites, 1986 (M=male, F=female).

Blueback herring

Number of times spawned

Age 0 1 2 Total
Sex M F M F M F M F
111 13 0 13 0
1V 80 33 80 33
v 20 38 49 22 69 60
VI 1 3 22 44 7 5 30 52
ViI 0 8 0 8

Total | 114 74 71 66 | 7 13 192 153

Percent 59.4 48.4 37.0 . 43.1 3.6 8.5

by sex : - : : : ~

Percent 54.5 ' 39.7 5.8

of sexes .

combined

(Mewifer

—_ Number of times spawned

- Age- - -0 N 1 - - 2 .. .- _-Total .. -
Sex M F M F M F L T
111 7

:'»',.,I\,,__' - 82
VI 2 7
Total 101 34 42 i9 2 - 0 145 53 -

Percent  69.6 = 64.2 29.0 358 1.4 0
by S@X eeEr oot o e coana eemBles s
Percent 63.2 - , 30.8 1.0 -
of sexes

combined
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Table 17. Age and spawning frequency of blueback herring and alewife from the
Albemarle Sound, NC, area. Data are combined from all sample
sites, 1987 (M=male, F-female).

Blueback herring

Number of times spawned

Age 0 1 2 Total

Sex M F M F M F M F

III 16 8 16 8
JRY) 104 64 1 0 105 64
vV 16 26 39 11 55 37
VI 10 14 3 0 13 14

Vil 0 1 2 2 2 3

Total 136 98 50 26 5 2 191 126

Percent 71.2 77.8 26.2 20.6 2.6 1.6

by sex

Percent 73.8 24.0 2.2

of sexes '

combined

3

Number of times spawned

L S Y o o il 2 o oo Tokak s
B e E oM S Bl oM T E
111 28 P SR .28 i kg
1V 141 69 4 1] 145 69
N 33,
..3;_-.
VII 0 1 0 1
Total, ~_. 26 . 106 . .. 44 . 20. .. .. 0. . 1. . .260 _ 127-
Percent 83.1 83.5 16.9 15.7 0 0.8
by sex
Percent 83.2 16.5 0.3
of sexes
combined

b

”r .
E IR B S En EN e
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Table 18. Age and spawning fregquency of blueback herring and alewife from the

Albemarle Sound, NC, area.

1988 (M=male,

Blueback herring

F=female).

Data are combined from all sample sites,

Number of times spawned

Age 0 1 2 Total

Sex M F M F M M F

111 51 0 51 0
1V 120 63 4 0 124 63
v 5 13 20 20 25 33
VI 3 6 1 4 7

VII 1 1 2

Total 176 76 27 26 2 205 105

Percent 85.8 72.4 13.2 24.8 1.0

by sex

Percent 81.3 17.1 1.6

of sexes

combined

Alewife

Number of t1mes spawned

Percent |,
of sexes
~_combined

1.6
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{26.2%) was larger than that in 1884. The spawning repetition value has
varied considerably over the years in the Albemarle Sound area; however,
the 1988 value, 18.7%, is the lowest on record.

Age composition for each of the areas sampled in the commercial
harvest surveys during 1985-1988, were similar to those collected for
1972-1984 (Street et al. 1975, Johnson et al. 1977, 1981, and Winslow
et al. 1983 and 1985).

The spawning populations (sexes combined) of blueback herring
in the Scuppernong River for 1985-1988 was comprised of 56.1%, 65.3%
79.4%, and 82.3% virgin fish, respectively, (Tables 19-22). The highest
proportion of virgin fish in the Albemarle Sound area normally occurs
from the Scuppernong River. Male blueback herring ranged from 4-7 years
old in 1985 and 3-5 years of age in 1988. During 1986 and 1987, males
were found from ages 3 through 6. Females ranged from 4 to 7 years in
1985 and 1986. In 1987, females were 3 through 6 years old; while in
1988, the age range was 4-6 years. Age groups 4-6 comprised 96.8%
(1985), 93.9% (1986), 88.8% (1987), and 82.3% (1988) of the samples,
sexes combined. The percentages found in 1985 and 1986 are similar to
those found in 1983 (94.6%) and 1984 (93.9%) (Winslow et al. 1985). 1In
1985, 12.2% of the fish samp]ed (sexes comb1ned) from the Scuppernong

’“ﬁ’?@?ﬁm"téﬁﬁﬁg"*ﬁéyéars oF age=and 2T 0% ‘in I?BG”“"T?EEE“and“Egs are
JSImllar;tq-those reported by Winslow™ et al. t1983) for 1980 (27 %) and
11982 (13.4%). The percentage of fish was age 5*in 1987, was 6.5% and
-3.9%, 1n 1988 .similar to that found 1n 1984 (4 7%) . (wlnslow et al. 1985)
‘and pr1or to 1980 (Street et al. 1975 “Johnson et al. 1977, 1981)
The Meherrin River haul seine fishery did not operate during the
__pro;ect perwod 1985 1988_ thus no. data were obta1ned o m

Approx1mate]y B85% ofrthe tota] ATbemarIe Sound area r1ver herrxng

landings occurs from the Chowan River pound net fishery. Thus, data
collected from the Chowan River sampling location should most 11ke\y
reflect the popu]at1on parameters of the total river herrlng run 1n the
A]bemar]e Sound area {Tab]es 23- 26) ,

Chowan River data for blueback herring from 1985 showed that 56.2%
were virgin fish, sexes combined, and 46.5% in 1986. These proportions
are similar to those found in 1980 (46.0%) and 1981 (58.7%) by Winslow
et al. (1983). During 1987 and 1988, virgin fish (sexes combined)

o o At )
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Table 19. Age and spawning frequency of blueback herring from the Scuppernong
River, NC, pound net fishery, 1985 (M=male, F=female).

Blueback herring

B]ueback herr1ng

Number of times spawned

Age 0 1 2 Total

Sex M F M F M F M F
1v 23 6 23 6
v 30 27 37 13 67 40
VI 0 1 4 8 1 0 5 9

VII 1 4 1 4

TOTAL 53 34 41 21 2 4 96 59
Percent 55.2 57.6 42.7 35.6 2.1 6.8

by sex

Percent 56.1 . 40,0 3.9

of sexes ' .

combined

iTablg 20 .Age and spawning frequency of blueback herring from. the Scuppernong_ .

Rlver NC, pound net f1shery, 1986 (M’ma}e F-fema1e)

By g Number of times spawned - -~ - - ol
Age 0 1 2 Total
Sex M F M F M F M F

L0 .8,
=194 487
14 12 9 " 18
Vi - 0 1 6 . 16 . 4 3 10
VII. O | lufum_w,ﬂ
Percent 73.8 54.0- 21.4°. © 39.7 "4.8 6.3 R
by sex '
Percent 65.3 Co 29.3 5.4
of sexes o
combined
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Table 21. Age and spawning frequency of blueback herring and alewife from the
Scuppernong River, NC, pound net fishery, 1987 (M=male, F=female).

Blueback herring

Number of times spawned

Age -0 1 Total
Sex M F M F M F
I 8 4 8 4
IV 32 21 32 21
v 9 11 10 5 19 16
VI 3 4 3 4
Total 49 36 13 9 62 45
Percent 79.0 80.0 21.0 20.0
by sex
Percent 79.4 20.6
of sexes .
combined
=
Tewife
T o wi-Numbex Jef times:spawnéd - -0 -
R e e Y W

Total ~ = 41 - 23 - 18 8 R 59 31

Percent . 89.5 a2 T T ses T asg T T
by sex

Percent 71.1 28.9
of sexes
combined

L ope

- G T I I N G N B B .

117N
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II Table 22. Age and spawning frequency of blueback herring and alewife from
the Scuppernong River, NC, pound net fishery, 1888 {M=male,
F=female).
l Blueback herring
Number of times spawned
Age 0 1 2 Total
l Sex M F L 3 M F M F
111 - -9 0 9 0
l 1V 21 12 21 12
v : 2 5 2 5
Vi 0 2 0 2
I Total - 30 12 2 7 32 19
Percent 93.8 63.2 - 6.2 . 36.8
l by sex
Percent of 82.3 17.7
l sexes
combined

B i

1

s
it
H

Age. L 0
c Sex crerrEe AW e

111 1
v 29
M .20

_ - 54 .
Percent . 69.9 L. 29.2 0:9-1
of sexes A
combined
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Table 23. Age and spawning frequency of blueback herring and alewife from
the Chowan River, NC, pound net fishery, 1985.

Blueback herring

(M=male, F=female)

Number of times spawned

Age 0 1 Total
Sex M F M F M F M F
111 5 0 5 0
1V 22 5 22 5
v 48 38 28 10 16 43
VI 21 26 3 2 24 28
VIl 0 2 0 2
Total 75 43 49 36 3 [} 127 83
Percent 59.0 51.8 38.6 43.4 2.4 4.8
by sex
Percent 56.2 40.5 3.3
of sexes
combined
A]éWifeff;’T'7€F»}'.ij—' Rt D
AR Number -of -times:.spawned - .- P PRI
Age 0 ) Total
. Sex oM  E; S Mdp“‘” i :M,; 7 Ef
III 0
1V 18
v 21 19 .
Total 7 52 41
Percent 86.5 80.5 13.5 19.5
by sex - '
Percent 83.9 TR
of sexes
combined

I i B T .
e . . v

I |
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Table 24. Age and spawning frequency of blueback herring and alewife from

Blueback herring

the Chowan River, NC, pound net fishery, 1986 (M=male, F=female).

Number of times spawned

Age 0 1 Total
Sex M F M F M F M F
111 5 0 5 0
IV 32 14 32 14
¥ 14 24 37 13 51 37
Vi 1 2 16 28 3 2 20 32
VII 0 7 4] 7
Total 52 40 53 41 3 9 108 90_
Percent  48.2 44 .4 49.1  45.6 2.7 - 10.0
by sex
Percent 46.5 47.5
of sexes
combined
HR?éwiféh e
S e Number of times spawned " - -
Age :.7.' e ..-". R 0 RS B - R . S 1 : - = R - _’ - Tota] T
Sex M F M F M F 7 M F _
I S B R
Iv 11 6 1 0 12 6
') 5 6 8 7 13 13
V1 2 - 4 =2 &
Total 18 13 11 .11 29 24
Percent - 62.1  54.2 37.9  45.8 ‘
by sex I IR
Percenf’~:fi 58.5 ' 41.5
of sexes
combined N
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Table 25. Age and spawning frequency of blueback herring and alewife from the
Chowan River, NC, pound net fishery, 1987 (M=male, F=female). I
Blueback herring
Number of times spawned l
Age 0 1 2 Total
Sex M F M F M F M F
II1 8 4 8 4 II
IV 72 43 1 0 73 43 I
v 7 15 29 6 36 21
VI 7 10 3 0 10 10 I
VII 0 1 2 2 2 3
Total 87 62 37 17 5 2 129 81 I
Percent  67.4  76.5 28.7  21.0 3.9 2.5 I
by sex
Percent 71.0 o 25.7 3.3 l
of sexes
combined
Alewife

- __ - - _Number. of -Eimes -spa
Tetn " G T -’--‘ e : - '.-,:';" R 1 "i

: G

I3 . fe

s EAY]

¥ 1, e P

. )
Al . .

X LA

VII S ' 0 1 .. 0 - 1

Total g2 481 1% 6 0 1 98 48

Percent 83.7 85.4 16.3 12.5 0 2.1
by sex

Percent 84.2 15.1 0.7
of sexes
combined




I I I B I EE B SN R BN BN B B T S O = Es

63

Table 26. Age and spawning frequency of blueback herring and alewife from the
Chowan River, NC, pound net fishery, 1988 (M=male, F=female).

Blueback herring

Number of times spawned

Age 0 1 2 Total
Sex M F M F M F M F
III 36 0 36 0
IV 95 48 4 0 99 48

v 5 13 18 14 23 27

Vi 3 4 1 1 4 5

VII 1 2 1 2

Total 136 61 25 _ 18 2 3 163 82

Percent 83.4 14.4 15.3 22.0 1.3 3.6

by sex

Percent 80.4 17.6 2.0

sexes

combined

AMewife o o

TR R et b e TUMDORAOT: CIMES SPAWRGG. - < i oo oatrs, 1V s

Age 0 , i

,il i _,i E ‘-hﬁ" i

Il 16 oo sl e sonia o
wr 25713 2 0
v 3 7 6 0

VI 3 2

Percent

8.3 1.8 . 4.2 )
by sex .
Percent ' 81.5 ' " 16.0 ) 2.5 : .
.s5exes - - - — - L el e I e e e e
combined ' '
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comprised 71.0% and 80.4% of the sample, respectively. The increase in
the population of virgin fish in 1987 and 1988 indicated a return to
similar levels found in 1977 and 1978 (Johnson et al. 1981). During
1985 and 1986, male blueback herring were found to be 3 to 6 years old
{Table 23 and 24). Male bluebacks in 1987 and 1988 ranged in age from 3
to 7 years old (Table 25 and 26). Females in 1985, 1986 and 1988 were
ages 4 through 7 years; but in 1987, ages ranged from 3-7 year old
(Table 23-26). Age groups 4, 5, and 6 (sexes combined) comprised
between 84.0% (1988) and 94.2% (1985) of the samples during the project.
These percentages closely agree with those found for 1980-1982 (Winslow
et al. 1983) and 1983 and 1984 (Winslow et al. 1985). The Chowan River
sampies for 1985 and 1987 showed that 3.3% of the fish, sexes combined,
had spawned more than once previously. In 1986 6.0% had spawned more
than once and 2.0% in 1988. These values are comparable to those found
for the Chowan River in 1975-1976 (5%) (Johnson et al. (1977).

As reported by Johnson et al. (1977), fishermen in the Alligator
River area concentrated their effort during the early part of the
season. Blueback herring samples were obtained from the Alligator River
during 1985 (22) and 1988 (14). So few samples were obtained during the

.prOJect and prev1ous pro;ects that meanlngful eva\uat1ons of the--

‘sp wn1ng popuTatﬁon Canfiot Be e déférmi d " The 1985‘d§ta 1s presente
Table 27 and for 1988 1n Table 30 s T P

A]ew1fe

A total of 270 a1ew1fe sca\e samp]es was taken from “Ehe A]bemarTe’i

Sound area in 1985. One hundred ninety-seven were subsampled for age

.determ1nat1on In 1986 198 scale samples were. obta1 ed_and a subsample_a

samp]es were taken; 287 were subsampled and aged. Throughout the

Albemarle area, 313 alewife were sampled in 1988, and a subsample of 243

were aged. The subsamples each year for each moda1 size group were

‘expanded to obtain the total number sampled. e
Combined data from the Albemarle area sampling locations in 1985
showed that male alewife ranged from 3 to 7 years of age, while in 1988
males were 2 to 6 years old (Tables .15 and 18). Males in 1986 and 1987
were found to be from 3 to 6 years old {(Tables 16 and 17). Female
alewife ages ranged from 4 to 7 years of age in 1985 (Table 15) and 3 to

S

. B .
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7 in 1987 (Table 17). During 1986 and 1988 female ages ranged from 3-6
years old (Tables 16 and 18). The alewife harvest was dominated by ages
4-6 in 1985 (95.3%), 1986 (97.5%), 1987 (92.2%), and 1988 (89.5%).
These percentages are very similar to those found for 1972-1984 [Street
et al. 1875, Johnson et al. 1981, Winslow et al. 1983, 1985).
The alewife spawning population, data combined from all locations,
was composed of 58.2% virgins in 1985, 68.2% in 1986, 83.2% in 1987, and
67.1% in 1988 (Tables 15-18). These data closely agree with the 1983
(67.9%) and 1984 (80.6%) values (Winslow et al. 1985). Male and female
alewife had up to two spawning marks, 1985 and 1988. In 1986, males had
up to two; while in 1987 .up to two were found in females. In 1985-19883,
of the alewife sampled (sexes combined), 4.4%, 1.0%, 0.3%, and 1.6%;
respectiveiy, had spawned more than once. These percentages are similar
to those reported for 1981-1984 (Winslow et al. 1983 and 1985).

During 1985 and 1986, no alewife samples were obtained from the
Scuppernong River due -to fishermen being late in the season setting
their nets. Alewife sampled during 1987 showed that both males and
females ranged from 3 to 6 years of age (Table 21). During 1988, males
ranged from 3 to 5 years; while females were 3 to 6 years (Table 22).

_ Data showed:that forq1987 and 1988 71 1% and 69 9% respect1ve1y, (sexes_

P DRI LY S

' comb1ned) wére v1rgﬁns These data generally agree with that reported.
by Winslow et al. (1983) for 1980-82. No alewife were determined to
have Spawned more than once in 1987 and only 0.9% in 1988. The:1987'and
-1988 values tend to agree with those of 1977 and 1978_(Johnsonfét}a}ff

» 1981). The amount of effort in the Scuppernong River has decreased over
the past decade. Thus, the number of samples has dec]ined and these
—data may not: actua11y reflect the spawn1ng populat1on of thjs system—x;fg

L‘,J e St T T R s el R A et et e T T L T e T e T e

" As prev1ous]y stated the Chowan River data probab1y are the most
representative age and spawning class data for the Albemarle Sound area
alewife. Male alewife in 1985-1987 ranged in age'from 3 to 6 years old

.and 2 to 6 years in 1988.. Female .alewife .in .the -Chowan- River -ranged- -
from 3 to 6 yaa?s old in 1936 and 1988. In 1985, females were found to
be 4 to 6 years oid and 4 to 7 in 1987. Virgin fish comprised 83.9%
(sexes comb1ned) of the samp]e in 1985 (Table 23) and 58.5% in 1986

_ (Tab]e 24) In 1987 it was determined that 84.2% of the sample and
81.5% in 1988 were virgins (Tables 25 and 26). These data are similar
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to those reported by Street et al. (1975), Johnson et al. {1981) and
Winslow et al. (1983 and 1985). The percentage of fish that had spawned
more than once 1in 1987 (0.7%) and 1988 (2.5%) were similar to that
reported for 1982 (0.5%) and 1983 (2.5%) (Winslow et al. 1983, 1985).
Male alewife sampled from the Alligator River in 1985 ranged from 3
to 7 years in age and 3 to 6 years old in 1986-1988 (Tables 27-30).
Females in 1985 were found to be 4 to 7 years old, 1986 and 1987, 4 to 6
years old and in 1988, 3 to 6 years old (Tables 27-30). Virgin alewife,
sexes combined, comprised 44.6% of the sample in 1985, 71.2% in 1986,
89.4% in 1987 and in 1988, 55.6%. These findings generally agree with
that of 1983 (63.6%) and 1984 (84.5%) percentage of virgins {Winslow et
al. 1985). During the project period, 1985-1988, only 6.8%, 1.4%, 0 and
1.5%, respectively, had spawned more than once. Winslow et al. (1985)
reported similar findings. Once again, it should be noted that the
Alligator River samples may not be truly representative due to the
fishery occurring only during the early part of the total river herring
season.

American Shad
Albemarle Sound Area

of the Amer1can shad taken from the drea the‘rema1nder are captured
'f&;total

ﬁxnc1denta1 to the pound net flshery d1rected for r1ver herr1ng,

of 446 Amer1can shad scale samp]es were taken in 1985 “and 282 sca]e

‘“sampTes ‘Were " subsampTed for age- determ1nat10n N Two hundred nTneteen
scales samples were taken throughout the area in 1986; of which 153 were

subsamp1ed and aged In 1987 440 scales samples were taken and 252
"subsamp}fed f‘or ag'emg: Ui ing” 1988 tota} of” 55r Bméctcanr.s&aé“vweze
sampled; 317 were subsamp]ed and aged The subsamp1e was expanded,
each sample year, for each modal size group (25 mm group) to obtain the
ages of the total sample. ‘ '
Male American shad ranged in age-from 3 to 8 years old in-1985 and
4 to 8 years in 1986-1988 (Tables 31-34). During 1985, females were 4§
to 8 years of age, but in 1986-1988 they ranged from 4 to 9 years
(Tables 31-34). Age groups 4-6 comprised 90.2%, 84.8%, 89.2% and 88.0%,
respectively, of the males in 1985-1988. Females in age groups 5,6, and
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Table 27. Age and spawning frequency of blueback herring and alewife from the
Alligator River, NC, pound net fishery, 1985 (M=male, F=female).

Blueback herring

Number of times spawned

Age - 0 1 Total

Sex M F M F M F
IV 3 2 , 3 2
v 2 13 2 0 4 13

Total 5 15 2 0 7 15

Percent 71.4 100 28.6 0

by sex

Percent ~90.9 ' 9.1

of sexes

combined

AA]ewife

oo o - Number of times spawned L
CAge T i@ v oo L e e g
Sex M F M F M F

I
1v
Vv 35 16
VI .

Tota) 33 46 52 34 7 5 92,
Percent ~ 35.9  54.1  56.5  40.0 7.6 __ .5.9_ .
Percent 44.6 ' 48.6 . 6.8

of sexes
combined
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Table 28. Age and spawning frequency of alewife from the Alligator River,

NC, pound net fishery, 1986 (M=male, F=female).

Number of times spawned

Age 0 1 2 Total

Sex M F M F M M F

111 5 0 5 0
1V 71 13 n 13
v 7 8 29 5 36 13
V1 3 3 2 5 3

Total 83 21 32 8 2 117 - 29

Percent 70.9 712.4 27.4 21.6 1.7

by sex

Percent 71.2 27.4 1.4

of sexes

combined

B T R

-Tables29:-Age and spawning. frequency of .alenife from the: Rlligator.Biver, Mol
T pound met fishery, 1987 (M=male. F=female). e

: Nuhbef.df“timéé'spawﬁed : 'i -
Age . 0 . B 1 .. Total o
Y R e I S et T F M
II1 4 0 4 0
W= 90 :

v 29 8 5 )

') 0 1 2 1 2 2
Total =~ 93 a2 107 6 103 a8
Percent 90.3 87.5 9.7 12.5
by sex
Percent =~ '89.4 10.6 ) a

of sexes
combined

¥ i
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Table 30. Age and spawning frequency of blueback herring and alewife from the

Alligator River, NC, pound net fishery, 1988 (M=male, F=female).

Age
Sex

Number of times spawned
0 1 2 Total
M F M F M F M F

111
1V
v

Total

Percent
by sex

Percent
sexes
combined

w o
oL
—=Wwo

100  75.0 0 25.0

92.9 7.1

Alewife

Number of times spawned
0 : -1 e 2

e ] F:tht_—,:':_: M, AR F ;:_:;__...I_’L—;_M RPN

R T SR SR

_ Sl D30 23
2 10 16 25 ) 18 35
L -t S 10 o 1_ —%'"Al : ‘ . _{_2:I SETRN 3

33 36 19 35 R 53 72

Percent
sexes
combined

55.6 .o 42.9 1.5
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Table 31. Age and spawning frequency of American shad and hickory shad for the
Albemarle Sound area, NC, 1985 (M=male, F=female).

American shad

Number of times spawned

Age 0 1 2 3 Total
Sex M F M F M F M F M F
111 2 0 |
Iv 44 1 44 1
v 65 4] 42 7 107 48
VI 9 48 47 53 6 1 62 102
VIl -0 4 4 24 13 27 17 55
VIII 1 3 3 1 4 4
Total 120 T 93 . 84 20 31 3 1 236 210
Percent 50.8 44.8 39.4 40.0 8.5 14.8 1.3 0.4
by sex
Percent 48.0 39.7 11.4 0.9
of sexes
combined

~N
o
R N Iy N T N G N BE .

e TS

dickory shad

|
|
il
-

VI
VIl

-Total:

Faell el

Percent 50.0 51.9
by sex

Percent 51.7 34.3 14.0
of sexes ™7~
combined

P . .'.’--
o ..
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Table 32. Age and spawning frequency of American shad and hickory shad for the
Albemarle Sound area, NC, 1986 (M=male, F=female).

American shad

Number of times spawned

Age 0 1 2 3 Total .

Sex M F M F M F M F M F
IV 17 1 17 1
v 47 7 34 1 81 8
Vi 6 5 28 9 2 0 36 14

VIl 4 9 18 11 22 20

VIII 0 2 0 8 2 3 2 13
IX 0 1 0 1

Total 70 13 66 21 20 19 2 4 158 57

Percent  44.3 22.9 41.8 36.8 12.7 33.3 1.2 7.0

by sex

Percent 38.6 40.5 18.1 2.8

of saxes

combined

"

!
b

Hickory shad . oo . BTl UL Lo ol
: Number of times spawned ~

Age -. .. .. .0 - R S . -Total <
Sex “= T EWT T F W F- M F " "M _-F M -

III 2 0
v 1521

VIt _
VIII 0 1

Total ., 19 .62 14 50 2 .18 .0 _1... 35..127:
Percent’ 54.3 48,8  40.0 39.4 5.7 11.0 o0 0.8
by sex T : : . S

~Percent _ 50.0 . 39.5 9.9 0.6
of sexes
combined

Vo :
B BN BN N oS B Es
S H h
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Table 33. Age and spawning frequency of American shad and hickory shad for the
Albemarle Sound area, NC, 1987 (M=male, F=female).

American shad

Number of times spawned

Age 0 1 2 3 Total I
Sex M F M F M F M F M F

1V 76 2 76 2 l

v 53 22 51 10 106 32

VI 9 37 39 36 4 4 52 77 l

V1l 0 4 5 27 20 19 25 50 I

VIII 0 1 2 14 1 2 317

X 0 1 0 1 4 l
Total 138 65 95 74 26 37 1 3 260 179 l
Percent 53.1  36.3 36.5 41.3 - 10.0 20.7 0.4 1.7
by sex I
Percent 46.2 18.5 14.4 0.9
of sexes
combined o . ] : I
vl-.lickoiry shad : _ o L . e 3 I
T T T T Nimber. of Limes spawned - . - - '
Age 0 i 2 . __3 . Total .
~Sex TEETIM s T ;’r"__'f-:‘_—ir’m R k- il M R TR M e B . l
111 43 23 43 23 l

VI 2 9 2 8 4 17

Vi1 0 6 0o -2 o 8 |
Total 89 180 21 39 2 14 0 2 112 235 '
Percent 79.5 76.6 18.7  16.6 1.8 6.0 0 0.8
by sex ' a o ' I
Percent 77.5 17.3 4.6 0.6
of sexes
combined l
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Table 34. Age and spawning frequency of American shad and hickory shad for the
Albemarle Sound area, NC, 1888 (M=male, F=female).

American shad

Number of times spawned

Age 0 1 2 3 Total
Sex M F M F M F M F M F
1V 36 4 36 4
'} 64 34 56 9 120 43
VI 2 28 62 38 36 9 100 715
VII V] 4 4 36 26 54 2 4 32 98
VIII 0 2 0 19 3 16 3 37
IX 0 3 0 3
Total 102 70 122 85 62 82 5 23 291 260
Percent 35.1 27.0 41.9 32.7 21.3 31.5 1.7 8.8
by sex
Percent 31.2 37.6 26.1 5.1
of sexes
combined

Hickory shad

Number of times spawned

srAgessremer e e T E e s T i e 2ar 2 IR s s Fotahea
Sex M M F M F M F
,.I 11~ 6:- ~ R 8: E EARRne e “6 :-_':_ 8
v - 11 88 17 -7 i 12 95

SV 2. .46 5-.108 . 2 . 4 , .. 9 158"
VII 2 7 0 1 2 8
VII ' 0 1 0 1

Percent
by sex

Percent ..

61.2 45.1

46.7 -~ -

_of sexes .

combined

129 S W S U
19.4 41.1

19.4 12.7 -~ 1.0 -

: 39.1 oL s 13.,3"'.". = __*"O-g R
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7 during 1985-1988, made up 97.6%, 73.7% 88.8% and 83.1%, respectively,
of the sample. The percentages of these age groups are similar to those
reported for 1983 and 1984 (Winslow et al. 1985). The Albemarle Sound
area American shad population, sexes combined, was comprised of 48.0%
(1985), 38.6% (1986), 46.2% (1987), and 31.2% (1988) virgin fish (Tables
31-34). Data from 1985 showed that 12.3% of the fish sampled (sexes
combined) had spawned more than once and.20.9% for 1986. The shad
population was comprised of 15.3% (1987) and 31.2% {1988), both sexes,
of fish that and spawned more than once. The percentage of repeat
spawners from 1985-1988, fell between that reported by Johnson et al.
{(1977) of 7% and 37.9% as reported by Winslow et al. (1985). These data
have generally shown a wide range of year classes in the population.

Quter Banks

During 1985, no American shad samples were obtained from along the

Quter Banks. Six samples were taken and aged in 1986 (Table 36). Only

14 samples were taken in 1987 and 3 in 1988. Fish sampled were aged and

the information for 1987 (Table 37) and 1988 (Table 38) were reported.

Since so few American shad were sampled each year, comparisons with
_hIStOT1C data would be inappropriate.

'"Pam ico R1vef"

A total of 192.Amer1can\shad scale samples uas,obtatned fromgtﬁem:
Pam11co R1ver area dur1ng 1985, and 119 subsamp]ed and aged (Tab]e 35).
Dur1ng 1986 179" shad'scate-sampTes “Were “taken and‘IIf ‘subsampTed” fbr
ageing (Table 36). Scale samples (110) were also taken in 1987 and a
subsample of 73 were aged (Table 37). In 1986, 119 American shad
“Subsam and7ag a ‘Edtal’“’m&;j _amp?eSf
(Table 38). For each year of the project, the subsamples were expanded

nsamples_wer ;}3_etetm1ned out:;fj
to obtain the age composition of the total sample.
Male American shad in 1985 and 1988 ranged from 4 to 6 years old,
but during 1986 and 1987, the range was from 4 to 7 years. DBuring all
years of the project, 1985-1988 females were found to range from 4 to 7
years old. The percentages of virgin fish (sexes combined) during
1985-1988, were 83.9%, 90.0%, 72.2%, and 64.7%, respectively. These
percentages of virgin fish are lower than those found for the Pamlico
River as reported by Winslow et al. {1983), for 1980 and 1981, but

e v, L s
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Table 35. Age and spawning frequency of American shad from the Pamlico River
area of NC, 1985 {(M=male, fF=female).

Pamlico River

Number of times spawned

Age 0 1 2 Total

Sex M F M F M F M F
1v 8 5 8 5
v 25 64 1 5 26 69
VI 10 47 10 12 : 20 59

Vil 0 2 0 1 0 2 0 5

Total 43 118 11 18 0 2 54 138

Percent 79.6 . 85.5 . 20.4 ... 13.0 0 1.4 e

by sex

Percent 83.9 15.1 1.0

of sexes

combined

Yoo i
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Table 36. Age and spawning frequency of American shad from the Outer Banks
area and Pamlico River area of NC, 1986 (M=male, F=female).

Quter Banks

Number of times spawned

Age 0 Total

sex M F M F
IV 2 0 2 0
v 0 3 0 3
VI ] 1 0 1
Total 2 4 2 4
Percent 100 100 -

by sex

Percent 100

of sexes

combined

"Paml i

Number of times spawned

hge o TT0 -

F
1
78
24
1
14
Percent 86.4 91.2 13.6 7.9
by sex
Percent ~ 7 90.0 ~ "~ 1000
of sexes
combined

|
|
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Table 37. Age and spawning frequency of American shad from the Quter Bank area
and Pamlico River area of NC, 1987 (M=male, F=female).

Duter Banks

Number of times spawned
Age 0 1 2 Total
Sex . M F M F M F M F

v 5 0 5

- O

v 1 2 0 2 1
VI 2 1 1 0 3 1

Total & . 2 2 3 1 0 9 5

Percent 66.7 40.0 22.2 60.0 11.1
by sex

Percent 57.1 35.8 7.1
of sexes '
combined

~Pamlico River , ) _ L -
EEEITTEO ok o0 Number of times spawned L . D0 AL T s il
Age 0 1 7 __Total _
sex M £ M F M - F - M F -

iv . "5:'.. '..5' . T P ’ - g 5

EITL I U2 NI O Ut T T T R N

Total 16 62 Y 21 1 0 25 . 83

Percent  64.0  74.7 - 32.0 253 40 O
by sex . _ ' | o

Percent 72.2 26.9 0.9
of sexes
combined
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Table 38. Age and spawning frequency of American shad from the Outer Banks
area and Pamlico River area of NC, 1988 (M=male, F-female).

Quter Banks

Number of times spawned

Age 0 1 Total

Sex M F M F M F
v 0 1 0 0 0o 1
V1 0 1 1 0 1 1
Total 0 2 1 0 1 2
Percent 0 100 100 0

by sex

Percent 66.7 ©33.3

of sexes

combined

Pamlico River

Number of times spawned

Total
M

F

of sexes
combined

Il Bl N D B B e .gllll Il N B B BN D D B B ..
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comparable to those in 1975 (Marshall 1976) and 1983 and 1984 (Winslow
et al. 1985).

Neuse River

Scale samples (193) were taken from American shad in the Neuse
River for age determination during the spring of 1985. One hundred
sixteen were subsampled for ageing. In 1986, 234 scale samples were
taken and a subsample of 143 were aged. Only 14 samples were obtained
in 1987 and all were aged. A total of 97 scale sample was taken in
1988. Sixty-nine fish were subsampled and the ages determined. For
each year that a subsample of the total was taken, the ages were
expanded by the appropriate modal size groups to determine the total age
of the sample. The ages and spawning frequencies are shown in Tables
39-42 for 1985, 1986, 1987, and 1988, respectively.

Male American shad ranged from 4 to 6 years old in 1985-1986 and 4
and 5 years old during 1987-1988 (Tables 39-42). Female fish ranged
from 4 to 7 years of age during 1985 and 1987. However, in 1986 females
were 4, 5, and 6 years old, but ages in 1988 ranged from 4 to 8 years
old. Data from 1985 for sexes combined showed a population containing
92.2% virgins, while 87.6% was determined in 1986. From the 1987 and.

"I§8&“é§té?%%ﬁ“7percé“tage~of?VTrg1n-fTsh was~ﬂ%te?ﬁ%né&§?”§ﬁ€*%5:7%;§ﬁﬁﬂs
76 6% respect1ve]y,_sexes comb1ned These percentages are hlgher than _
those reported for 1983 (60'3%) and 1984 {62. 7%) (thsTow et;aT 1985)
The 1985-1988 values are.lower than. those . reported by W1nslow et al
"(1983) of 100% (1980) and 93.5% (1981).

The overall low proportions of virgin American shad found in the

Other possible factors may be naturally low spawning surv1va1 or a

strong year class moving through the population, as was evidenced in

Winslow et al. (1983) by an increased juvenile. abundance in these areas.

American shad landings have declined and aroused concern a\ong the

east coast. North Carolina landings have fallen steadily from 1,069,000
1b in 1965 to a record low in 1977 of 121,000 1b. Landings since the
1977 low have recovered somewhat during the project period, averaging
318,704 1b per year {Table 2).
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Cape Fear River

The Cape Fear River area was sampled during 1985 to obtain scale
samples of American shad for age determination. A total of 192 samples
was taken and 118 were subsampled and aged (Table 39). In 1986, 128
samples were obtained and 82 subsampled for age determination (Table
40). Ninety-seven samples were taken in 1987 and a subsample of 65 aged
{Table 41). Scale samples were obtained from a total of 184 American
shad in 1988; of which a subsample of 107 were aged (Table 42). The
subsamples each year were expanded to obtain the age composition of the
total catch as previously described by Winslow et al. (1985). Male shad
in 1985 ranged from 3 to 6 years old; however, in 1986 the range was 4-5
years. In 1987 and 1988, male American shad were 4, 5, and 6 years old.
Females in 1985-1987 were 4 through 6 years of age, while the range in
1988 was 4 to 7 years. Virgin fish accounted for 88.5% (1985), 93.6%
(1986), 89.7% (1987) and 83.6% {(1988) of the sample (sexes combined)
during this project. A1l of the percentages were higher than that
determined in 1983 (70.3%), but comparable to that found in 1984 (87.1%)
(Winslow et al. 1985).

H1ckory Shad

adééscaTe samﬁ?zs were faken from the

= ";EQTn 19§§2ﬂ32§€§Qh1cﬁbry:‘

Albemarle Sound area, and . 168 - samples were subsampled for _age-.
“detérmination (Table 31).7 'Dufing the “1086" spawning Season, 162" scaTe

.samples were taken (Table 32) One hundred and _seven were subsampled and :
aged Scale samples (349) were also taken in 1987 and a subsamp]e (208)
aged (Tab]e 33). A total of 345 hickory shad scale samples was
’ ' he_age determined .

“Was expanded for
each modal size group (25 mm groups) to obtain the age compos1t1on of
the total sample size.

Male hickory shad ages ranged from 3 to 6 years old 1n 1985 and
1987 but in 1986 and 1988 from 3 to 7 years old. Dur1ng 1985 and 1987,
ages ranged from 3 to 7 years old for females. Ages of females in 1986
were 5 to 8 years of age, but 3 to 8 years old in 1988. Data from
1985-1988 showed a spawning population {sexes combined) comprised of
51.7%, 50.0%, 77.5%, and 846.7%, respectively, virgin fish. The percent
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Table 39. Age and spawning frequency of American shad from the Neuse River
area and the Cape Fear River area, NC, 1985 (M=male, F=female).

Neuse River

Number of times spawned

combined .

Age 0 1 Total

Sex M F M F M

F_

1V 39 6 39 6

v 48 64 8 0 56 64

VI 0 21 3 3, 3 24
Vil 0 1 0 1
Total 87 91 11 4 98 95
Percent 88.8 95.8 11.2 4.2

by sex

Percent 1 92.2 7.8

of sexes

combined
"Cépe Féar River
L L Number of times spawned C e T
cAge s i L T 7 Total .
Sex M F M F M F

v 28 7 28 7
B = 621 A e SIS )

vl T 9 21 o 11 9 38 .
Total 74 96 7 15 81 111
Percent 91.4 865 8.6 . -13.5 .

by sex

Percent 88.5 11.5

of sexes




Table 40. Age and spawning frequency of American shad from the Neuse River
area and the Cape Fear River area, NC, 1986 (M=male, F=female).

Neuse River

82

Age
Sex

Number of times spawned

0

F

M

Iv
v
V1

Total

Percent
by sex

Percent
of sexes
combined

32
43

17
85
25

14
2

32
57

18
83.0

87.6

127
90.7

16
17.0

12.4

13
9.3

94

w
w
j . '
{an um mn mw SN "0 BN Gm AN BN Em

e e e

imes Spawned _

1_

15
64
15“

S

Percent 88.9

by sex

Percent
of sexes
combined

93.6

4
94.0

6.4
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Table 41. Age and spawning frequency of American shad from the Neuse River
area and the Cape Fear River, NC, 1987 (M=male, F=female).

Neuse River

Number of times spawned

Age 0 1 Total
Sex M F M F M F
v 1 1 1 1
VvV 4 4 1 0 5 4
Vi 0 2 0 2
V11 0 1 0 1
Total 5 7 -1 1 6 8
Percent 83.3 87.5 16l7 12.5
by sex
Percent 8.7 _ - 14.3 .
of sexes i
combined
Cape’Fear River- _ . . e
S Number of times spawned - o )
Age oo 0 e s e o} e oosnYetal vl =
PR EER T T ST T S — SRR
v 4 12 . | 4 13

2 3 2
Total ‘ 8 79 2 8 10 87
Percent © 80.0 “90.8 " 200 9.2 7
by sex
Percent 89.7 . 10.3
of sexes
combined
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Table 42. Age and spawning frequency of American shad from the Neuse River
area and the Cape Fear River area, NC, 1988 {(M=male, F=female).

Neuse River

Number of times spawned

Age 0 1 2 Total

Sex M F M F M F M F
v 21 11 21 11
v 9 28 3 13 12, 41
VI 0 3 0 5 0 8

VII 0 0

AR 0 1 0 1

Total 30 42 3 18 0 1 33 61

Percent 90.9 68.9 9.1 29.5 0 1.6

by sex

Percent 76.6 22.3 1.1

of sexes

combined

Cape Fear River ~

Number of times spawned .

Age’ P e e 0 T 1 2;_'1;-,_.__._,‘;.'.'5 z ”;TotaT"“:~
Sex M F M F M F
Iv _ 1 31
ST “pE B Rl 1
VII .6 0 7
Total 30 123 26 34 149
Percent  88.2 82.6 1.8 17.4
by sex - A -2 Ll
Percent 83.6 16.4
of sexes
combined

<
|
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virgin fish during this project are comparable to that reported by
Street et al. (1975) for 1972-74 (50% range) and the 75.3% in 1983
(Winslow et al. 1985). The percentage of fish that had spawned more
than once previously during the project ranged from 5.2%-14.2%. Johnson
et al. (1981) reported similar percentages for hickory shad in 1977-79.
These data probably do not accurately represent the hickory shad
population due to gill nets being selective for females and the
variability of market demand.
Contribution of Year Classes
(Number of Individuals) to Harvest

The river herring age data from the Chowan River for 1985-1988 was
utilized to calculate the number of individuals in the commercial
harvest for each year class by week. These data were used because
approximately 85% of the blueback herring and alewife landings usually
occur in this system. Thus, it should best represent the total river
herring population.

The blueback herring contribution of each year class to the harvest
from the Chowan River pound net fishery by sex and by week for 1985 are
shown in Tab]e 43 The b\ueback herr1ng harvest was dom1nated by the
'1980 and I979)year classes (ages V and=VI), contr1but}on~1& 2% 50 thes
total. A lower percentage (4.0%) of three year old fish (1982 year
c]ass)'waS“fOund in ‘the '1985 harvest. than reported Ey WinsTOW“et“eT*-
(1985) for 1983 (7.9%) and 1984 (9 3%) The contr1but1on of each year
‘c1ass byAeex“1n summary for 1985 are represented in Tab1e 44 RNt

The 1986 blueback herring data by week and sex are presented in
Table 45. Ages 5 and 6, 1982 and.. 1981 year. classes, dom1nated)the
‘harve cohp§1s1ng'74 4% “The " overal} ‘summary- “of ‘the: year claesee'by'
sex are presented in Table 46. ‘

" The 1983 and 1982 (age 4 and 5) year c]assesﬂéontrihutéﬁ}?3:2% to
‘the harvest in 1987 .~ The weekly contribution of blueback herring by -sex
is presented in Table 47. An increase in three year olds (1984 year
class) (7.0%) was noted, compared to that found in 1985 and 1986. Table
48 shows the year class contribution by sex for the 1987 harvest. o

The pound net fishery year class contribution by sex and week for
the 1988 season is shown in Table 49. Thirteen percent of the harvest
was from the 1985 year class {3 year olds). This has increased
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Table 4#3. Contribution of each year class to the blueback herring harvest for the Chowan River, NC, pound
net fishery by sex, by week, 1985. l
Male Female Total
Week Year Number of Number of number of
number class Percent individuals Percent individuals individuals l
12 1982 22.2 44,235 - 0 44,235
1981 11.1 22,118 - 0 22,118
1980 66.7 131,543 80.0 88,471 220,014
1979 - o] 20.0 22,118 25,118 l
13 1982 9.1 418,784 - 0 418,784
1981 27.3 1,605,338 - 0 1,605,338
1980 45.4 2,261,433 66.7 1,698,401 3,959,834
1979 18.2 863,742 33.3 837,568 1,701,310
14 1982 7.1 256,885 - 0 256,885
1981 35.8 1,323,947 14.3 256,885 1,580,832
1980 50.0 1,782,141 42.9 784,927 2,567,068 l
1879 7.1 256,885 28.5 526,003 782,888
1978 - 0 1%.3 256,885 256,885
15 1981 33.3 889,899 - 0 889,899
1980 33.4 885,444 55.6 1,491,056 2,376,500 .
1979 33.3 852,032 by 4 1,167,599 2,019,631
16 1982 2.1 198,596 - 0 198,596
1981 9.1 198,596 - ) 0 198,596 l
1980 63.6 1,429,897 77.8 1,390,178 2,820,075
1979 18.2 410,433 22.2 397,194 807,627
17 1981 - o] 16.7 26,373 26,373
1980 75.0 158,241 33.3 54,299 212,540
1979 25.0 52,747 50.0 79,121 131,868
18 1981 7.1 448 18.2 895 1,343
1980 57.2 3,6M 36.4 1,817 5,428 l
b Ty P 1,5,2%_;;* s 35_42::» SEEAL e Dl 2 3‘{’3 = s 36‘"’”—- i Y 1.4.&;13:%:;- K 9-756' 3
Total ) ] ) ) 14,049,338 7 9,082,051 23,131,389

Table 44. Contribution of each year class of the blueback herring harvest from the Chowan River, NC,
pound net fishery, by sex, for 1985.

: Percent
Year = - No. of . No. of . L Total N . of
class — T "'males T ¢ ) T females_ - ) number ” total
1982 - 918,500 - ) 918,500 4.0
1981 B 4,040,346 284,153 4,324,499 18.7
1980 6,652,310 5,509,149 12,161,459 52.6
1979 2,438,182 3,031,416 5,469,598 23.6
1978 . 0 257,333 257,333 1.1
Total 14,049,338 9,082,051 23,131,389
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Table 45. Contribution of each year class to the blueback herring harvest for

. the Chowan River, NC, pound net fishery by sex, by week,1986.

I Male Female Total
Week Year Number of Number number of
number class % individuals % individuals  individuals

l 12 1983 14.3 50,795 - - 50,795

1982 42.9 152,385 100 50,795 203,180
1981 28.5 100,320 0 0 100,320

l 1980 14.3 51,899 0 0 51,899
13 1982 14.3 279,054 20.0 279,054 558,108

I 1981 57.1 1,101,529 60.0 849,295 1,950,824

1980 . .28.6 558,108 20.0 279,054 837,162 .
14 1092 25.0 343,277 8.3 171,638 514,915
I 1981 50.0 686,553 25.1 506,742 1,193,295
1980 25.0 343,277 33.3 702,157 1,045,434
1879 - - 3313 700,856 700,856
l 15 1982 28.6 205,582 38.5 501,107 706,689
1981 42.8 302,452 15.3 201,928 504,380
I 1980 28.6 197,968 38.5 490,521 688,389
1979 - - 7.7 98,984 98,984
16 1982 25.0 158,581 14.4 79,290 237,871
b . e 3 T L BT
ﬁ{%;; ; :”.f::ﬁ.’l’:‘i._,...:.::" 98 .:,,.z% = b mm;s@' A Hbm * -. SHAR: ] o
) I _'17_.__ 1982 .. - Lo em o 1102 _133,558; . 133, 558
- - R .;198}~_£i”57»1 4—ww::524;5803P4;a~-44.4- -534,233 - 1 076,813 -
1980 42 9 409,022 " - 44.4 540 303 - 949,325
I ) %'No samp1e EemlfeE IRl L
20 1983 9.1 331 -
I 1982 _ 36.4 1,523 .11.1
febetad : 21981 364 £z ;Ii:§49* 2336 ¥ =
B N 1+ 1] 8.1 18 3 928

Total 5,963,363 - 6,599,790 12,563,153

!
i
]
t
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Table 46. Contribution of each year class to the blueback herring harvest from
the Chowan River, NC, pound net fishery, by sex, for 1986.

Percent
Year Number Number Total of
class of males of females number total
1983 51,176 0 51,176 0.4
1982 1,140,402 1,215,823 2,356,225 18.8
1981 3,210,726 2,336,953 5,547,679 43 1
1980 1,561,059 2,247,174 3,808,233 30.3
1979 "0 799,840 799,840 6.4
Total 5,963,363 12,563,153

6,599,790
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Table 47. Contribution of each year class to the blueback herring harvest
I for the Chowan River, NC, pound net fishery, by sex, by week, 1987.
I Male : Female Total
Week Year Number of Number of number of
number  class % individuals % individuals individuals
I 12 1983 28.6 7,402 0 0 7,402
1982 57.1 14,895 33.3 1,784 16,679
1981 14.3 3,468 33.3 1,784 5,352
I 1980 0 0 33.3 1,784 1,784
13 No sample
' 14 1988 9.1 8,580 0 0 8,580
1983 81.8 79,747 50.0 17,590 97,337
l 1982 9.1 8,580 25.0 8,580 17,160
1981 0 0 25.0 8,580 8,580
15 1984  14.3 53,741 0 -0 53,741
l 1983 52.3 165,063 75.0 507,185 672,248
1982 28.6 107,484 16.6 107,484 214,968
1981 0 0 8.4 53,741 53,741
I 1980 14.3 53,741 0 . 0 53,741
16 1984 14.3 73,905 13.3 147,811 221,716
I 1983 57.1 314,098 40.0 464,549 778,647
: S -1982.. 14.3- e 73 905 . .20.0 . 221,717 - 295,622 -
ST = ST e e 73 905'“” 20,8+ 229,496~ - 303;80F-
I 1980 0 6.7 73,905 73,905
17 e o .o 8.3 - 37,085  37,085°
) 1983 66.7 211,917 41.8 185,427 397,344
l -~ 1982 .z..22.2- 78,1710 - 33.3 ~..166,884- - 241,055
1981 11.1 37,085 8.3 37,085 74,170
1980 0 0 8.3 37,085 37,085
n A8 ;1983 727 | 2.8 32,315+ + 121,096 - -
2 TEE 21982757182 , 205 W 1..20,80977 305618
I 1982 9.1 10,205 .6 20,895 31,100
19 1984 7.1 115,526 0 0 115,526
1983 35.7 587,259 33.3 239,939 827,198
l 1982 28.6 477,509 50.0 346,579 824,088
S 1981 - - -2k.5 - - 353,800 16.7 -115,526 - - - - 469,326 -
: 1980 7.1 115,526 0 0 115,526
Total 3,120,598 3,085,219 6,205,817
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Table 48. Contribution of each year class to the blueback herring harvest from
the Chowan River, NC, pound net fishery by sex, for 1987. l
Percent
Year Number Number Total of l
class of males of females number total
1984 251,752 184,896 436,648 7.0 l
1983 1,454,267 1,447,005 2,901,272 46.8
1982 766,749 873,437 1,640,186 26.4 l
1981 478,563 467,107 945,670 15.2
1980 169,267 112,774 282,041 4.6 I
Total 3,120,598 3,085,219 6,205,817 . I

L L



iz

91

Table 49. Contribution of each year class to the blueback herring harvest
for the Chowan River, NC, pound net fishery, by sex, by week 1988.

Male Female Total
Week Year Number of Number of number of
number class % individuals % individuals individuals
12 1984 100 9,300 - 0 9,300
13 1985 23.1 16,281 - 0 16,281
1984 53.8 38,947 33.3 10,854 49,801
1983 15.4 11,125 50.0 16,567 27,692
1982 - 0 16. 7 5,427 5,427
1981 7.7 5,421 0 5,427
14 1985 8.3 64,008 - 0 64,008
1984 58.4 448,687 40.0 128,196 576,883
1983 25.0 189,089 40.0 130,867 319,956
1982 8.3 64,098 20.0 64,098 128,196
15 1985 30.0 8,582 - 0 : 8,582
1984 50.0 14,680 - 100 ) 17,432 . 32,112
1983 - 0 - 0 0
1982 = 20.0 5,999 - 0 5,999
16 1985  50.0 285,800 - 0 285,800
1984 37.5 219,453 100 219,113 438,566
¥1983 . 0 : 0

-
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l 17 1985 ,.14.3 . 211,165, . ..m - . 0 211,165
W e 1088643 9307821 =716:7 3105:579 17036060
1983  21.4° 316,730~ 50.0 321,766 638,505
y = ik - Gt R R S NPT | By DI P ; T 0 Sax o Fata 9”’
I ‘ T 216,187 216,187
18 0 49,583
I 247,917 . . 545,417 _
L 1198 T083 75528 ; AF02. ¢12”‘ “'"‘204 555+
l 19 1985  33.3 215,282 - 0 215,242
1984  55.6 338,238 - '40.0 283,906 622,144
1983  11.1 69,637 ..40.0. . 278,549 348,186
I 1982 - 0 200 143,183 143,143
| 20 1985  14.3 40,866 oo 0 40,866
1984 ° 57.1 163,464  28.6 81,732 245,196
l 1983 . 28.6 81,732 - 57.1 . 160,910 242,642
1982 . - 0 - 14.3 40,866 . 40,866
l Total - ' 7,269,686 | 2,575,581 6,845,267
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considerable over the previous three years. It should be noted that the o
1985 commercial harvest was the highest since 1972 and the juvenile
abundance 1index was above the average. These two factors probably
indicate a strong year class was produced in 1985. During the 1988
season, the year classes 1984 and 1983 accounted for 78.0% of the total
Chowan River harvest. An overall summary of the blueback herring year
classes by sex for 1988 is presented in Table 50.

‘Data are shown in Table 51 for alewife contribution of each year
class by sex and by week for 1985. Ages IV and V (1981 and 1980 year
classes) were dominant, contributing 74.8% of the harvest and good
recruitment of the 1982 year class (3 year olds) was noted, 12.5%. The
year class summary for alewife during 1985, by sex, is presented in
Table 52.

The number of individuals by week and sex for 1986, from the Chowan
River pound net fishery are shown in Table 53. The highest percentage
of the alewife harvest was comprised of the 1982 and 1981 year classes,
contributing 78.8% of the total. Over 12% of the 1986 harvest was
accounted for by the 1983 year class as shown in the summary Table 54.

The 1987 alewife harvest was comprised of contributions from the

‘N N NN Im R W Em

;1930 1984 year_ classes - These contr1but1ons are shown in.-Table: 55,by
S "vm Ep i Vo s S LT D e R T Ve M‘ML gt e 7

week and by sex for the 1987 season. The maJor1ty of the alew1fe

harvest 85 3% _was contrwbuted by the—»1983 and 1982 year: classes.

'Agaln in - 1987 three year “old f1sh Hmede' a consxderab)e contr1but1on

STRCIY ot o et P

ﬂ(1314%};1Q;;he,h@rvest¢;¢13h1&556;shows;the=alew1fe~summapygby=yeap(
class and sex for 1987.
The weekly alewife contr1but1on by year class an sex for the 1988

$S€aSon:- 15spresented rn,Iabl'3

:pzcx1mate¥y Su%aqf theutetal year¢ =

c\aéé contribution in 1988 was made upwof the 1984 and 1983 year classes
{4 and 5 year o]ds) A small percentage (0.2%) of two year olds (1986
‘year class) was in the- harvest " The 1985 year class (3 ‘year old)
contributed 13. 4% to the tota] a1ew1fe ‘harvest _in 1988. Thefbercentage
of alewife three years old during the project, 1985-1988, were very
-similar. These percentages of three year old fish are higher than those
reported by Winslow et al. (1985) for 1983 (2.6%) and 1984 (2.7%). A
summary of year class contribution by sex for alewife in 1988 is shown
in Table 58.
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Table 50. Contribution of each year class of the blueback herring harvest for
the Chowan River, NC, pound net fishery by sex, from 1988.
; Percent

Year Number Number Total of
class of males of females number fotal
1985 891,617 - 891,617 13.0
1934 2,460,690 1,004,729 3,555,419 52.0
1983 770,405 1,011,131 1,781,536 26.0
1932 141,547 253,534 395,081 5.8
1988 . " 5,427 216,187 221,614 3.2
Total 4,269,686 2,575,581 6,845,267
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Table 51. Contribution of each year class to the alewife harvest from the
Chowan River, NC, pound net fishery, by sex, by week 1985.

Male Female Jotal
Week Year Number of Number of number of
number class % individuals % individuals individuals
10 1982 11.1 13,882 - 0 13,882
1981 33.3 41,647 35.7 70,042 111,689
1980 55.6 70,105 57.1 109,165 179,270
1979 - 0 7.2 13,882 13,882
11 1982 - 0 - 0 0
1981 66.7 50,627 37.6 37,930 88,557
1980 33.3 24,467 43.7 43,537 68,004
1979 - 0 18.7 18,750 18,750
12 1982 9.1 16,849 - 0 16,849
1981 63.6 121,906 75.0 101,093 222,999
1980 27.3 49,780 25.0 33,697 83,477
13 1981 33.3 1,400,760 50.0 1,400,760 2,801,520
1980 33.4 1,400,760 50.0 1,400,760 2,801,520
1979 33.3 1,400,760 - 0 1,400,760
14 1982 50.0 1,388,786 - 0 1,388,786
1981 - 0 - 0 0
1980 50.0 1 388 786 100 694 393 2,083,179
j_:{;*.”;‘.;: i, 8 B LRAE s it TR DL LA e e
TotaF— ‘f3:?2¢1ﬂﬁrﬁﬁaaﬁf 5?“
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Table 52. Contribution of each year class to the alewife harvest from the
Chowan River, NC, pound net fishery by sex, from 1985.

i E I I B IS BN BN O S Em
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Percent

Year Number Number Total of
class of males of females number total
1982 1,419,517 0 1,419,517 12.5
1981 1,614,940 1,609,825 3,224,765 28.6
1980 2,933,898 2,281,552 5,215,450 46.2
1979 1,400,760 32,632 1,433,392 12.7
Total 7,369,115 3,924,009 11,293,124
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Table 53. Contribution of each year class to the alewife harvest from the
Chowan River, NC, pound net fishery, by sex, by week 1986.

Male Female Total
Week Year Number of Number of number of
number class % individuals % individuals individuals
12 1982 44 .4 94,906 8.3 12,021 106,927
1981 44 .4 98,703 75.0 107,621 206,324
1980 11.2 24,043 16.7 24,676 48,719
13 1983 18.2 380,473 8.3 182,627 563,100
1982 36.4 743,553 41.7 923,877 1,667,430
1981 45.4 913,135 33.3 740,120 1,653,255
1980 - - 1e.7 365,254 365,254
Total : 2,254,813 2,356,196 4,611,009

;Table 54 Contrlbutlon,of .each. year class. to. ‘the alewrfe harvestwfrom the
. : Chowan River, NC pound net f1shery by sex, from 1986."

“Year

e — e
c]ass Number of males Number of females Tota1 number total
380,473 182,627 563,100 12.2
36,459 a5 898 YIS AT “a85
1981 1,011,838 847,741 1,859,579 40.3
1980 24,083 - 389,930 413,973 9.0
rotal ¢ TIEEEE T TEETE TETIO®
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Table 55. Contribution of each year class to the alewife harvest from the
Chowan River, NC, pound net fishery by sex, by week, from 1987.

Percent
Year Number Number Total of
class of males of females number total
1984 251,752 184,896 436,648 7.0
1983 1,454,267 1,447,005 2,901,272 46.8
1982 766,749 873,437 1,640,186 26.4
1981 478,563 467,107 945,670 15.2
1980 169,267 112,774 282,041 4.6

Total 3,120,598 3,085,219 6,205,817

Table 56. Contributijon of each year class to the alewife harvest from the
Chowan River, NC, pound net fishery, by sex for 1987.

o Number - - - - Number . - . -Total . .- Percent of -
=i o 'males v of females ™ T v number o= total -

less o ooEe02e o 0 26,029 134 .
1983 60,659 56,902 j | i17;5§1 . 6q:9;11 )
1082 o1 ©3a,000 asa20 289
1981 1,490 | 0 1,490

1,076

Total 102,529 , 92,047 "~194 576
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Table 57. Contribution of each year class to the alewife harvest from the
Chowan River, NC, pound net fishery, by sex, by week 1988. I
Male Female Total I
Week Year Number of Number of number of
number class % individuals % individuals individuals
11 1986 5.0 343 - 0 343 l
1985 30.0 2,106 - C 2,106
1984 25.0 1,752 80.0 1,355 3,107
1983 25.0 1,761 20.0 343 2,104 l
1982 15.0 1,028 - 0 1,028
12 1985  41.7 1,902 9.1 385 2,287 l
1984 50.0 2,268 63.6 2,677 4,945
1983 - 0 9.1 385 B 385
1982 8.3 385 18.2 - 711 1,156 I
13 1985 33.3 16,507 - 0 16,507
1984 33.4 16,966 33.3 16,507 33,473
1983 33.3 16,941 66.7 33,732 50,673 l
14 No sample
15 1984 50.0 9,532 - 0 9,532 l
1983 50.0 9,532 50.0 9,532 19,064
1982 - 0 50.0 9,532 9,532 l

156,282

Table 58. Contribution of each year class of the alewife harvest from the
Chowan River, NC, pound net fishery by sex for 1988.

number total

1986 © 343 0.2
1985 20,800 T 13.4
1984 51,057 32.7
1983 72,226 46.2
1982 11,716 7.5
Total m

N 4
“ n
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DEVELOPMENT OF MANAGEMENT AND RESEARCH ALTERNATIVES

The North Carolina river herring fishery is the largest on the
Atlantic Coast. The overall status of the fishery could be determined
from the condition of the stocks captured and produced in North
Carolina. Commercial landings have been on a declining trend since
1970. The 1985 landings were the highest in the past 14 years, but the
1987 landings were the lowest on record (Table 2). Environmental and
water conditions may have been the major contributions for the low
landings since fishermen stated that a lot of fish were in the system.
In the late 1960s and early 1970s the heavy exploitation of the stocks
by the foreign offshore fishery attributed to the present poor state of
the stocks and the poor reproductive success since that time.
Determining water quality has probably contributed to deoressed
reproductive success 1in the Albemarle Sound area river herring stocks
since reduction of foreign fishing in the mid-1970s.

- Discussion -

Water quality determination has been experienced in the Albemarle

Sound area, especially the Chowan River and western Albemarle Sound as a
sresult of ceutrophication:.and.other_factoes RO SEN Cosns:
algae hiooms have occurred in late 18980s, severe b\ooms in the 1ate
19705 and ear]y 19805 may have had _adverse effects on the growth and
product1on of Juven11e a\os1ds, as well as other spec1es Everett v
{1983} “reported  that:: pre]1m1nary ‘studies” conducted 'on “the* effects of

%, ,...vt::.;

pulp mill effluent on adult river herring indicated avoidance of the
effluent by spawn1ng adu\ts. _ Toch effects on Juven1les were a\so
1ndrcated‘ ring’ ‘i Arac ed By Towir W jf
1988 was a moderate f\ow year. 'F1shermen on the Chowan R1ver comp1a1ned

both seasons about the pulp mill effluent remaining in the system for a
prolonged period. Thus, the fishermen felt that this was the reason

. river . herring landings were .very.-low.-({Table 2). Based on .Everett's -

(1983) findings, the pulp mill effluent remaining in the Chowan River
for a considerably longer perjod of time than normal in 1986 and 1988,
could have attributed to the low harvest. Rulifson et al. (1986) has
reported that river flow controls the development of the zooplankton

community in the Roancke River and Albemarle area. Thus, the coinci-
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dence of food with larvae at the appropriate time is related to flow.
Therefore, if adequate zooplankton is not produced for whatever reason,
starvation of larvae or a reduction in growth may occur. Additional
research on avoidance and possible food chain interruption beyond the
Division assessment activities are needed to further address these
issues.

Criteria need to be established for the designation‘ of alosid
spawning and nursery area in the Albemarie Sound and Currituck Sound
areas to enable these areas to be protected from alteration and
pollution. A considerable portion of the alosid spawning and nursery
areas are in inland waters and thus fall under the jurisdiction of the
North Carolina Wildlife Resources Commission (WRC). These areas are
critical to the preservation of alosids, as well as other species. Some
species are at depressed levels and every effort to protect these
critical habitats utilized by these species and others should be made.
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INTRODUCTION

The American shad, Alosa sapidissima (Wilson), has historically
supported a significant fishery in North Carolina, as well as in other
Atlantic coast states. The native Americans and European colonists who
settled along the extensive sounds and rivers found shad to be a
valuable food source. Shad which ascended the streams in large numbers
during the spring were caught, salted and smoked, and served as an

important seasonal food.

Since the late 1800s North Carolina has consistently ranked in the
top three states for landings of American shad along the east coast
(Walburg and Nichols 1967). The peak reported landings in North Caro-
lina occurred in 1897 at over 4 million kilograms (9 million pounds),
but in recent decades the landings have declined significantly (Sholar
1977a, Johnson 1982). An increase in landings was noted in 1981-1984,
but these were not significant, even when compared to the landings of
the 1960s (Table 1). Landings since the late 1880s, along the entire
Atlantic coast of the United States have shown a continued decline
(Atlantic States Marine Fisheries Commission 1985). Since the late

18005 szoverfishings: construction of ‘dams; and pollution:-have been blamed-.

for the decline in landings levels (Cheney 1896, Blackford 1916, Roelofs
'1951,;T31b0t-1954; Chittenden 1969, Klauda .et al. 1976, and Boreman
.1981). L o
" shad are pursued extensively in the spring, both commercially and
recreationally. In recent years, the commercial importance of shad has
~decreased in some. areas, while the species supports an increasingly
f§ﬁﬁ6f£56£;recéééf§6héT-fighéfy;%hyfdfhersiffféﬁrfént7étatewideilahﬁiﬁggﬁ
are approximéte]y 94,432 kg (208,000 pounds) annually. This annual
poundage decreased from that reported by Johnson (1982), but increased
to that which Sholar {1977a) reported (Table 1). T
The American .shad is anadromous and the largest member of the
family Clupeidae in North America. American shad is also known by other
common names such as “"white shad," "“roe shad," and just “shad," and is
-one of the best-known fishes on. the Atlantic coast. . The young spend
their first summer in nursery areas near their spawning area and
migrate to the ocean in the fall. After reaching sexual maturity {3 to
6 years), they return to their natal river to spawn (Cheek 1968). It is



Table 1. American shad landings and value in North Carolina, 1880-1988 (from
Chestnut and Davis 1975 and N.C. Division of Marine Fisheries,
Morehead City).
Landings Landings Value Landings Landings Value
X X X X X X
Year 1000 kg 1000 1bs 1000 $ Year 1000 kg 1000 1bs 1000 $
1880 1,462 3,221 330 1957 379 837 209
1887 2,171 4,783 298 1958 223 493 123
1888 2,599 5,725 295 1959 190 419 105
1889 2,452 5,403 280 1960 230 347 127
1890 2,640 5,815 306 1961 305 673 168
1896 4,014 8,843 417 1962 347 765 191
1897 4,069 8,963 363 1963 314 693 168
1902 2,981 6,567 385 1964 290 640 127
1904 1,466 3,230 313 1965 485 1,069 214
1908 1,781 3,924 373 1966 318 701 170
1918 - 752 1,657 377 1967 - 352 777 155
1923 1,075 2,370 583 1968 382 842 128
1927 1,083 2,387 475 1969 326 719 137
1928 1,415 3,118 573 1970 432 953 193
1929 868 1,913 350 1971 308 680 117
1930 532 1,172 210 1972 212 468 112
1931 400 883 139 1973 145 321 85
21932 S48 . 925 126 1974 167 363 106
“Yro3% " TEIET TR 93T FI9F5 0% 2. 5 o B
1936 497 1,095 177 1976 75 167 65
19377 ‘316 . 698 . 106 1977 - - 54 121 35
1938 468 1,032 165 © °1978 182 | 402 145
1939 383 859 .. 137 1979 126 218 122
1940 = 363 801 120 1980 90 199 88
1945 414 912 199 1981 159 351 190
1950 499 1,100 340 1982 187 412 183
1951 564 1,244 300 1983 202 446 187
1952 - - 671 " 1,479 .1 3370201988 o . 265 ... o585 . 241
1953 539 1,188 293 1985 149 330 152
1954 - 656 1,445 258 1986 169 373 229
1955 294 649 160 1987 148 328 215
1956 350 773 193 - 1988 . T 117 - 259 149
2



during this spawning migration that they are susceptible to commercial
and recreational fisheries. Fish that escape the fishery and
successfully spawn veturn to the ocean to feed and grow, and may return
the following year to spawn (Cheek 1968). However, American shad native
to rivers south of North Carolina rarely spawn more than once; the
majority of those fish die after spawning (Leggett 1969).

American shad are distributed along the Atlantic coast from the St.
Lawrence River, Canada, to the Tomaka River, Florida and are most
abundant from Connecticut to North Carolina (Walburg and Nichols 1967).
Shad ascend all coastal rivers in North Carolina and are most abundant
in Albemarle and Pamlico sounds, Roanoke River, Chowan River,
Tar-Pamltico River, Neuse River, Northeast Cape Fear River and Cape Fear
River. The fishery throughout the coastal area employs drift gill nets,
anchor gill nets, pound nets, haul seines, bow nets, fish wheels, and
hook and line (Figure 1).

Considerable research has been conducted on American shad in North
Carolina, particularly in the Neuse River {Walburg 1957) and Cape Fear
River (Davis and Cheek 1966; Nichols and Louder 1970). Some offshore
work was conducted on shad during 1968-1971 (Holland and Yelverton
—l&%3}~f:1nnthe-eankz-19195f~§hezNorthwﬁaroT1na,B£M1Stonmcf3@agggg¥£}sh-=w
eries began anadromous fish assessments in each of the ﬁéJor Zoa§§§3
_sounds and river systems-_‘Data have been collected on spawn1ng areas,‘
nursery areas, juvenile abundance, adult abundance, and age composition
of the catch. and “the “commercial and recreational fisheries for each”
area. Table 2 provides a list of Division reports concerning American
shad. . _ '
w’f'Th.i'sLi.‘repo-rtiwﬂ1.;lr.or\';'=.'ciIi.dai:e‘:and4‘discus’.s‘ Americaﬁ*sha&udatagfpr;tpefJ-
period 1972 1987 for the Albemarle Sound area. The North Caro1iné
Division of Marine Fisheries (DMF) most extensive shad database comes
from this area. Data concerning spawning areas, juvenile abundance and
growth, nursery areas, Yyear class abundance, and tagging is combined
and analyzed to determine stock status and trends for the American

shad population spawning in the Albemarle Sound area.
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THE ALBEMARLE SOUND AREA

Albemarle Sound, located in the northeastern portion of North
Carolina, is a shallow estuary extending 88.5 km (55 mi) in an east-west
direction, averaging 11.3 km (7 mi) wide and 4.9-6.1 m (16-20 ft) deep
(Figure 2). Ten rivers drain into the Albemarle Sound, which joins
Pamiico Sound through Croatan and Roanoke sounds, and in turn, empties
into the Atlantic Ocean via Oregon Inlet. Currituck Sound joins the
Albemarle from the northeast. Although the headwaters of the Roanoke
River are located in the Appalachian foothills of Virginia, most of the
tributaries to the Sound originate in extensive coastal swampsQ The
Roanoke and Chowan rivers are the principal tributaries, and areas of
these rivers are known to function as American shad spawning areas
(Street et al. 1975; Johnson et al. 1981; Winslow et al. 1983, 1985).

The Roanoke River is a relatively narrow stream which follows a
winding course to its mouth below Plymouth, where it enters western
Albemarle Sound. A dam was constructed in 1955 on the river at Roanoke
Rapids, NC, 220.6 km (137 mi) from the mouth {Carnes 1965). However,
American shad have not been reported above the Scotland Neck bridge at

1673 5Kkm £104 mi) -for many years_ (Baker 1968).- 5-x_f}--u¢;,,;:;;ésﬁ

The Chowan River, formed by the Junct1on of the Blackwater and
Nottoway . r1vers near the North, Caro\1na-V1rg1n1a border, flows 88.5 km
{55 mi) to northwestern A]bemar]e Sound. The Black R1ver watershed 15"

' ent1re1y in the Coastal Plain while the Nottoway River watershed lies in

the Coastal Plain as well as the Piedmont {North Carolina Department of
Natural Resources and Commun1ty Development 1982). The Meherrin River

~-is~one of the ‘major tributaries. of ‘the Chowan River .and. originates in -

the Piedmont area of Virginia. The river follows a southeasterly course
after entering North Carolina and meets the Chowan River 65.9. km {41 mi)
above the mouth. The North Carolina portions of the Chowan and Meherrin
rivers are free of obstructions that may restrict adult shad during
their spawning run. .

A more detailed description of Albemarle Sound and its tributaries
“is given by Street et al. (1975) and Winslow et al. (1983, 1985). . . _ _



Table 2. North Carolina Division of Marine Fisheries anadromous fish projects
and reports concerning American shad in North Carolina.

Project Years References
AFCS-8 1971-1974 Street et al. 1975
AFC-9 1973-1975 Sholar 1975

AFCS-10 1974-1976 Marshall 1976
AFCS-11 1974-1976 Johnson et al. 1977
AFCS-12 1975-1977 Sholar 1977b
AFCS-13 1976-1979 - Hawkins 1980
AFCS-15 1977-1979 Fischer 1980

AFCS-9 * 1976~-1979 Johnson et al. 1981
AFCS-16 1980-1983 Winslow et al. 1983
AFCS-22 1983-1985 Winslow et al. 1985
AFC-27-1 * Jul 1985-Jun 1986 Winslow 1987
AFC-27-2 * Jul 1986-Dec 1987 Winslow 1988

Summary report *

Summary report *

“SpaciatEScientifics
Report No. 24

o

E= ~Holland -and -omts

Sholar 1977a
Johnson 1982

Yelverton 1973

Denotes reports with data pertaining to Albemarle Sound area, N.C. .
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THE SHAD FISHERIES

The Albemarle Sound area shad fishery can be divided into two
sections: the commercial fishery and the recreational (inland) fishery.
Although some of the gears used are employed by both fisheries, they are
treated separately because the fisheries are administered by two
separate agencies. The commercial fishery is under the jurisdiction of
the Division of Marine Fisheries, while the inland section is under the
North Carolina Wildlife Resources Commission. These areas are described
in North Carolina Fisheries Regulations for Coastal Waters, 1988, (North
Carolina Department of Natural Resources and Community Development,
Div. Mar. Fish 1988).

There are four principal commercial fishing gears used in the
Albemarle Sound area to capture shad: anchor gill nets, stake gill nets,
pound nets, and haul seines. These gears are essentially the same as
those of the late 1800s (Smith 1907), although the length of these gears
has changed somewhat. 1In 1896, gill nets averaged 18.3 m (20 yds) long
and were set in strings of 50 to 500 nets with 133.3 to 139.7 mm (5-1/4
to 5-1/2 in) stretched mesh (Walburg and Nichols 1967). Gill nets now

~average'3'&5m*t&-Eﬁ*4<m;%iﬁgtq:§&;yds}r1n~1ength -:and mesh;ggges~range;
from 101.6 to 133.3 mm (4 to 5-1/2 in) stretched mesh.

Pound nets duﬁihg the- late 1800s -were set along the shores with 1.
to 25 pounds or hearts 1n each str1ng Since the 1960s, the majority>6f
“the pound” nets have ‘been sét " in the - r1vers, and the leads setdom exceed
183 m (200 yd) in length. The haul seines that were used to catch shad
in 1896 averaged 2275 m (2,500 yd) long, 3.7 - 4.9 m (12 to 16 ft) deep
“and had-a- “Stretched “mesh 5176 of-50.8 mm’ (2: in)}-in-the "bunt -and 76.2 mm
(3 in) in the wings. The haul seines of the 1950s and 60s in the
Albemarle area averaged 137.2 m (150 yd) long (Walburg aﬁd Nichols
1967). C '

Gill nets have historically contributed the highest percentage of
the landings; since they are fished for the larger roe (female) shad.
Several other types of commercial gear are used: bow nets, fyke nets,

-drift gi1l nets, and fish wheels. These gears have contributed very
little to the total harvest in the Albemarle area. Most of the harvest,



past and present, 1is handled through dealers in Elizabeth City,
Columbia, Manns Harbor, Wanchese, Colerain, and the Chowan County areas
(Figure 2) and shipped to northern markets.

The inland fishery gears are composed of bow nets, anchor and drift
gill nets, and hook and line. A bow net resembles a large landing net
with an oval opening up to 3.0 m {10 ft) in width and 3.7 m (12 ft) in
length. Bow nets are usually fished from the bank or from a boat.
Drift gill nets are approximately 18.3 -12.2 m (20-40 yd) in length and
are fished in coastal rivers by drifting downstream with the current.
Some hook and line effort for shad occurs in the upper Roanoke, Chowan,
(Nottoway and Blackwater rivers) and Meherrin rivers. Baker (1968)
provided an estimate of approximately 3,900 American shad from these
areas by these gears in 1966-1967. The shad catches that result
from these gears cannot be quantified, but are probably insignificant.
Catch from these gears {bow net and hook and line) will not be
considered further in this report.

During the late 1970s, an ocean fishery for American shad began to
develop along the Outer Banks and in the southern portion of the state.
The commercial landings and values for the Atlantic Ocean are shown in
Jable.3.= The maJar gears—are beach haul seines, 91}1 nets, and.trawls..
The beach'hau] se1ne accountéd for the maJorlty of the ]and1ngs~1978 ;

1981, 1982 and 1984. The landings from gl]l nets doanated the other

years, 1979, 1980, 1983 ‘and 1985-1987." From 1978 to 1985, the areas
north of Cape Hatteras,” North .Carolina, accounted for. the majority of
the state's ocean shad landings. 1In 1986, a significant ocean gill net
fishery for shad developed in the southern portion of the state off the

Cape - Fear River:.: Of the total . Atlantic Ocean landings ,ip_i}QBG_and

1987, 87.6% and 94.2% respectively, were taken from this area.

HISTORY OF SHAD FISHERY

‘There are a number of early records of the shad fishery in the
Albemarle Sound area and in some other water bodies in North Carolina
(Ear1l 1887; Skinner 1846; Ward 1882; Yarrow 1874; True 1887). McDonald
(1887) reported on the fishery in the Cape Fear River, Neuse River, and
Albemarle Sound in 1880. Stevenson {1899) and Cobb (1906) provided the
only shad harvest statistics available for individual North Carolina

8
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water bodies, for 1896 and 1904. Chestnut and Davis (1975) gave a
synopsis of American shad landings by gear for the state (1887-1971) and
by county (18839-1968).

In 1896, the American shad harvest from the Albemarle Sound was
among the most important on the Atlantic coast. Historically, Virginia
usually ranked first and North Carolina second (Walburg and Nichols
1967), but by 1960, the landings for the entire state only ranked third
along the east coast. Stevenson (1899) reported a harvest of 2,162,998
kg (4,764,314 1b) in 1896 for the Albemarle Sound area. During 1904,
Cobb (1906) reported 52,401 kg {115,421 1b) for the same area, a decline
of 97.6%. Landings reported by Chestnut and Davis (1975) have
fluctuated widely over the years, but show a continued decline since the
late 1800s (Table 1). Table 3 shows landings and value of harvest for
North Carolina and Albemarle Sound area during 1972-1987. The portion
of the harvest contributed by the Albemarle Sound area and its value are
also shown. During 1972-1987, landings have averaged about 94,432 kg
(208,000 1b), with a range of 54,934-265,590 kg (121,000-585,000 1b).

The shad fisheries of the Albemarle Sound area became important
about 1869, with the greatest development coming in the next 25 years

_Lualbutgﬁand Ntchols 1961). Untll 1860 haul seines were the only gear .

LTRSS, RN I e e e

used and for some years cont1nuéd fo be the pr1nc1paf gear (Cobb 190§3
. Pound nets were first used 1n the Albemarle area in 1870 (Cobb 1906)

'The1r popularity grew until 1896 then declined because: of cost - of the

gear and its operatyons, as well as a decline in harvest {Walburg and
Nichols 1967). In the late 1800s and early 1900s, the commercial

harvest season normal]y ran from early February to mid-April. The legal

_fishing seasonin 1960 was - (1)} -1 January-1 May in coastal watersl and_

{2) 1 January-1l June in inland waters. During this time 1t was 11lega1
to set gill nets in Albemarle Sound west of the NC Highway 32 bridge,
and in Chowan River, from the mouth to Holiday Island (Figure 2). By
1960, nets were set primarily for striped bass and river herring, with
shad catches being incidental, due to the continued decline in landings
{Walburg and Nichols 1967). The present fishing season is about the
same as it was in 1960, although there is no regulated season.

The Roanoke River fishery changed considerably from 1896 to 1960,

as the amount of gear fished and catch decreased (Walburg and Nichols

10
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1967). In 1896, shad fisheries in the Rcanoke River were limited to the
Tower river, from Williamston to the mouth. By 1960, the fishery
extended further up the river, to the Scotland Neck bridge (Figure 3).
Shad catches were incidental for all gears which were directed at
striped bass and river herring. Taylor (1951) stated that pulp mill
wastes from wupstream probably was the cause of Tlow survival of
anadromous fishes, especially shad, 1in the Tlower Roanoke River.
Regulations adopted by the North Carolina Marine Fisheries Commission in
1983 prohibit the use of gill nets with a stretched mesh length less
than 57.2 mm (2-1/4 in) or greater than 76.2 mm (3 in) during 1 April-31
May (North Carolina Department of Natural Resources and Community
Development, Div. Mar. Fish. 1983). This regulation was passed to
protect striped bass during their spawning run, but it will also permit
shad to migrate up the river to spawn.

The Chowan River differed from other areas in 1896, because pound
nets and seines were the primary gears used to capture shad, taking 98%
of the catch. By the mid-1800s, pound nets and seines were fished
primarily for river herring and gill nets for shad. As with all other
areas, landings decreased drastically from 1896 to 1960 (Walburg and

_ N'& chol S, 1967)

Since 1896 the areas fished and gears used in the shad f1shery”':i

have remained essent1a11y unchanged The extent of flsherles both the
amount of gear and harvest, have dec11ned s1gn1f1cant1y, and the f1shery
could not continue  if it were wholly dependent on shad (Walburg and
Nichols 1967).

EARLY_PROPAﬁATIOﬂHOF AMERICAR SHAD .

To fisheries workers, the f]uctuatIOns in 1and1ngs of the 1800s
indicated a problem with the American shad population. Overfishing was
thought to be the main factor for the decline in harvest and various
solutions were sought. The federal government, in 1873, began artifi-
cial propagation of shad at New Bern, North Carolina and striped bass at
Weldon, North Carolina. The fry that hatched were released in 1local
waters. . In.1877, the state began fish culture operations of its own on
the Neuse River at several locations above New Bern (Smith 1907). The
shad hatching in 1878 was noteworthy because it was conducted jointly

12
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with representatives from the U.S. Fish Commission, Virginia, Maryland
and North Carolina. The site of the operation was Salmon Creek at the
head of Albemarle Sound, and the production was the most successful up
to that time: a million fry were produced (Smith 1907). The U.S.
government continued shad hatching in 1879 at the mouth of Chowan River,
using the steamer LOOKOUT in the work. In 1880 the state constructed a
shad hatchery at Avoca and utilized the eggs furnished by the Capehart
seine fisheries at Sutton Beach and Scotch Hall. It was in 1881 that
the steamer FISH-HAWK was first utilized in shad hatching in Albemarle
Sound, and the FISH-HAWK continued in the work for several years. The
MacDonald hatching jar was adopted in 1882 with North Carolina being the
first state to employ this most important device (Smith 1907). The
state continued to operate the hatchery at Avoca until 1884, but in
1885 all culture work ended.

Early results appeared to indicate that stocking of shad fry
accomplished its purpose, since landings increased from 1880 to 1897.
After that time the harvest declined in spite of continued stocking, and
in 1943 the federal government decided artificial propagation as
practiced was of 1little value in maintaining the shad population;

lconsequently, .stocking was discontinued (Halburg and N1chols 1967).

R R X R e e TRTL T T T .'.“:»::“:.T" R SRR ‘;W~Asﬂvmsn§!zmuu;n

~ NORTH CAROLINA DIVISION OF MARINE FISHERIES AMERICAN SHAD RESEARCH

" Data co\]ected by the North ‘Carolina Division of Mar1ne F1sher1es
between 1972 and 1987 in the Albemarle Sound area will be presented and
discussed in the following sections. This work included delineation of
spawning areas, juvenile distribution, growth and relative abundance,
.~ adult size, .sex,.age, spawning history, and adult tagging.. =

MATERIALS AND METHODS
Spawning Area Survey

The designation of American shad spawning areas was based on the
occurrence of one or more of the fo]]owing'criteria:

(1) capture or observation of running ripe females;

(2) actual observation of spawning activity; or

{3} the capture of eggs and larvae.

14
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An exploratory sampling approach was used in 1973 to obtain general
information on spawning and to define sampliing methads. Detailed
spawning area surveys were conducted in 1978 in the Roanoke River, 1979
and 1983 in the Chowan River, 1980 in the Meherrin River, and 1984 in
the Nottoway and Blackwater rivers. Sampling usually began in March and
continued into May. MWeeks were serially numbered each year beginning
with the first full week of January.

Monofilament gill nets up to 9.15 m (30 ft) long with stretched
mesh ranging from 82.5 mm (3-1/4 in) to 127.0 mm (5 in) were fished to
determine distribution of American shad. Nets were set for up to 24
hours. Captured fish were identified, counted, and examined for spawning
condition.

Eggs were sampled using 0.5 m plankton nets made of #00 Nitex mesh
with a wide mouth 0.95 1 jar attached to the cod end. Samples were taken
from bridges and boats, with sample time ranging from 5 to 15 minutes.
Sampling was considered to be qualitative, not quantitative. Thus, all
egg net samples were considered as equal units of effort. Samples were
preserved in 5% formalin and returned to the laboratory where eggs and
larvae were sorted, identified, counted, and measured with a binocular

:microscopez=fitted—-with—an-—ocular-micrometer.— Water -chemistry data, -

including temperatures, dissolved oxygen, and pH were recorded for each

Nursery Area Sampling
Quantitative determination of year-class strength is a major
e]ement in popu\at1on dynam1cs.; Important 1ong term obgect1ves were to -

'(1)‘ est1mate the re]at1onsh1p (1f any) between year ~cTass strength and -

future recruitment and (2) observe the periodicity (if any) of
strong year classes. ST
Preliminary open water trawling was conducted in Albemarle Sound
and its major tributaries during November 1971, using a 7.12 m (25 ft)
head rope shrimp trawl with 19.0 mm (3/4 in) bar mesh and a 3.0 m {10
ft) X 3.0 m (10 ft) modified Cobb trawl {Street et al. 1975). This net

" was held open by top and bottom pipes rather than by otter doors as with

a shrimp trawl. The Cobb trawl was constructed of 19.0 mm (3/4 in) bar
mesh in the body and 6.3 mm (1/4 in) bar mesh in the bag (Appendix

15



Figure 4). The Cobb trawl proved satisfactory and was adopted as the
standard sampling gear. The net was fished for five minutes on the
bottom at all stations except one {lower Roanoke River). Because of the
many snags, the Roanoke River station was sampled at mid-water. A five
minute tow constituted one unit of effort.

Sampling was conducted monthly beginning in January 1972 at 26 open
water stations in Albemarle Sound and its major tributaries as a result
of the preliminary work. Additional stations were added during April
1972 in Croatan and Roanoke sounds to better cover the higher salinity
habitats in the eastern portion of the study area, for a total of 28
samples per month. Sampling was reduced to 15 monthly stations during
January-June 1974 (Figure 4).

Preliminary shallow water sampling for juveniles was conducted
throughout the Albemarle Sound area during June 1972 with a 1.8 m {6 ft)
X 1.8m (6 ft) modified Cobb trawl (Appendix Figure 2), 18.3 m (60 ft)
bag seine and 6.1 m (20 ft) bag seine, all with 6.3 mm (1/4 in) bar
mesh. The smaller seine was discarded following the preliminary
sampling period because it was ineffective. In addition, bags of 3.2 mm
(1/8 in) bar mesh were placed in the larger seines because of escapement

through. the 6.3 mm;L1/4 In) mesh: bage_xl;;;ﬁ

Trawls were fished on the bottom for 10 m1nutes where depths were 4

m (14 ft) or less. 1In areas of greater depth, the trawl was fished for
five minutes on the bottom and five minutes near the surface. A 10
minute tow was considered a unit of effort. Seines were pulled in
maximum depths of 0.9-1.5 m (3-5 ft) for a distance of approximately
45.7 m (150 ft) at each station, which was considered as one unit of
‘effort for this gear. H':_“;*z;?‘"“ v } S .
From October 1972 through December 1973 120 traw1 samples and 28
seine samples were taken monthly. Sampling was reduced during January-
June 1974 to 30 trawl and 25 seine samples per month. Figures 5 and 6
show the location of the nursery area samples during the latter period.
During July 1974-September 1976, approximately 70 previously
established stations (Figures 5 and 6), were sampled monthly using
seines and trawls, except during the March through April spawning
periods. The sampling methods remained the same as those previously
described, except for the adoption of an experimental wing trawl
(Appendix Figure 3) as a standard sampling device replacing the Cobb

16
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trawl. The wing trawl had a 7.9 m (26 ft) headrope length, and
contained webbing which ranged from 101.6 mm (4 in) stretched mesh in
the wings to 3.18 mm (1/8 in) bar mesh in the tail bag. Tow time was 10
minutes, which was considered one unit of effort.

These same stations were sampled monthly by seine or wing trawl
during June-December 1977 and 1978. During 1979, the number of
statijons sampled monthly was reduced to 34 to increase sampling
efficiency for all alosids{ blueback herring, Alosa aestivalis; alewife,
A. pseudoharengus; and hickory shad, A. mediocris; as well as American
shad).

From 1979 through 1983, the 34 stations were sampled monthly during
June-August and October-November using a wing trawl (23 samples) or a
seine (11 samples) (Figure 7). During September, an additional 43
stations (28 trawls and 15 seines), were sampled throughout the Albe-
marle Sound area to determine distribution and nursery areas of anadro-

mous species {Figure 8).

During June 1984, the 34 stations were sampled. However, in July
1984, the number of stations sampled monthly (June-August and October-
November) was reduced to-the 11 established seine stations (Figure 7).

~.nese stat1ons contlnued to. L he -sampled-during. these months, -1985:1987...

- The stat1ons samp]ed w1th the w1ng trawl were dropped because the seine
data “have proven more useful, especially. for blueback herring. In

September 1984-1987, an additional 15 seine stations were sampled

{(Figure 8).

In the western Albemarle Sound area, weekly sampling was conducted
at seven stations during July-October, 1982 and 1983 to establish a
;fre]ative-abundanceiiqdexiforf&dung%pffthe—year striped bass (Figure 9).
During the same time period in 1984-1987, these stations were sampled

bi-weekly. Juvenile American shad were captured during all years except
- 1985. ‘

These stations were sampled with a 5.49 m (18 ft) head rope,
semi-balloon trawl containing webbing which ranged from 19.0 mm (3/4 in)
stretched mesh in the body to 6.3 mm (1/8 in) cod end (Appendix Figure
4). Tow time was 15 minutes, which was considered one unit of effort.

Throughout these studies, samples were sorted to species and up to

30 individuals of each alosid species present were measured to the

20
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nearest millimeter, fork length (mm, FL). Weights in grams (g) were
taken prior to January 1973. Species other than anadromous fishes were
noted, and environmental parameters, surface and bottom water tempera-

tures, dissolved oxygen levels, and salinities were taken.

Commercial Harvest

During the fishing season (approximately February-May annually),
American shad landings data were obtained monthly from cooperating
dealers and fishermen in the Albemarle Sound area by statistics program
port samplers. This work was conducted as part of the North
Carolina/National Marine Fisheries Service Cooperative Statistics
Program.

American shad for which age, sex, and weight data were available
were placed in the appropriate year class for each month sampled.
Individual weights were obtained on American shad during 1972 and
1982-1987. The number of individuals of each year class was followed
monthly through the sampling period. Fish were separated by sex, and
the monthly mean weight (kg} and percent number and weight by sex, for
each year class were calculated. The total American shad harvest (1b
converted to kg) for each month was multiplied by the percent weight for
each sex of each year class during that month and divided by the mean

Weight={Kkg) ‘of Tindividuals of each sex of that year ¢lass, to obtain the ™

estimated number of individuals from each year class for each month.
- - ADULT SAMPLING

Commercial harvest sampling sites for American shad have varied
over the years (Figure 10). Nine locations were sampled during 1972
(A-1); J and K .were added in 1973 and E-was dropped. In 1974, samples
were taken only at A, F, 1 and K. Sampling locations F and X were
eliminated and L added during 1975. 1In 1976, A, I and L were sampled,
but I was dropped in 1977. From 1978 through 1987, only two locations
(A and C) have been utilized. Data collected at these sites were

assumed to be representative of the total commercial American shad
landings in the Albemarle Sound area. During February-May of each year,
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or until catches dropped to a level which did not warrant sampling,
project personnel visited the various sites weekly to obtain samples.

Whenever possible, data from each site were obtained from unculled
samples to determine sex composition and sex ratios. If an unculled
sample was not available, data were recorded from as many fish as
possible without interruption of normal operations of the fishermen and
dealers. During 1972-1978, sample sizes often varied with the number of
fish available, but normally did not exceed 100 fish per site per week.
Up to 30 individuals were examined from each location, each week, during
1979-1987.

Sex was determined and fork lengths (FL) were measured to the
nearest millimeter for each fish sampled throughout the period covered.
Individual weights in kilograms were taken only during 1972 and
1982-1987. Scale samples were taken from the left side below the
insertion of the dorsal fin and just above the mid-line as described by
Rothschild (1963) and Marcy (1969).

Age determination was based on Cating (1953) and Judy {1961). At
least four of the most legible scales from each fish were read using a
binocular microscope, Eberbach projector, or a microfiche reader. For
the majority of the project, 1972-1982, two independent readings were

_made of scales for each fish, and if readings were not in agreement the
FTEhwae Tdeteted TTTORTERESSapTe T ot
(1953), it was assumed that each fish had completed a full year's growth

at the time of capture; thus, the scale edge was counted as a year mark."
Stratified sub-sampling for ageing was used during 1981-1987, dueL

to the large number of American shad scale samples taken in the
Albemarle Sound area and the time-consuming process’ of aging. The
techn1que used, 1in wh1ch ‘modatl length groups were sub-sampled, was

““similar to that deve1oped by Ketchen (1950) "Shad were separated by sex’

into 25 mm modal size groups. If 15 or more samples were present, at
least half of the scales in each size group were aged; in those with
less than 15, all were aged. The sub-samples were expanded to obtain
the age composition estimates for American shad.
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Weight-Length Relationship

Linear regression modeling (Ricker 1975) was conducted on 1972 and
1981-1986 data to determine weight length relations. Both sexes were

analyzed separately due to variation in weight at a given length.

Mortality

Total mortality (Z) was calculated by catch curve analysis (Gulland
1985; Ricker 1975). The slope (sign changed) of the descending arm of
curve, log scale, equals Z. Sexes were analyzed separately and for ages
after full recruitment. Full recruitment was assumed to be at age 5 and
6 for males and females, respectively. The validity of these estimates
depends on the assumptions that the data are from a random sample,
survival is uniform with age and time, and recru1tment _is constant
(Ricker 1975). For comparison, total morta11ty was also calculated by
the mean age method (Ricker 1975). Mean age after full recruitment, age
structure of landings, juvenile index, and 1andin§s trends were reviewed
to evaluate changes in Z.

Tagging

;Amerlcan.shad were.xagged at tﬂo.gound netsqxn:CroatanHSound_du

Floy FD-68B anchor tags on the left side just below the anterior portion
of the dorsal fin. The tag was anchored securely in the pterygiophorés
supporting the dorsal fin. Only those fish which appeared vigorous and
healthy were tagged and released. Tag number, date, location, water
temperature, and salinity data were recorded for each fish tagged.

* " Rewards of $1; $5,-$10, or $25;weng"offéred,fofgrétufﬂed tags. The
program was widely publicized by posters, news re]eases and visits to
fish houses by DMF personnel.

RESULTS AND DISCUSSION ..
Spawnihg Area Sampling

The data collected between 1973 and 1984 by the Division of Marine
Fisheries on American shad spawning areas indicates spawning occurred

only in Roanoke, Meherrin, Chowan, Nottoway, and Blackwater rivers.
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The physical characteristics of the spawning grounds for American
shad vary somewhat between systems. Shad may spawn anywhere within a
given spawning area, but prefer the shallow flats comprised of sand,
gravel or a combination of both which border the rivers (Davis et al.
1970; Mansuetti and Kolb 1953; Bigelow and Welch 1925; Smith 1907; and
Walburg and Nichols 1967). Water conditions may vary from clear to very
turbid, water depths from 1 m (3 ft) to 9.1 m (30 Tt) and temperatures
may range from 8-26°C {Walburg and Nichols 1967).

Shad eggs are non-adhesive and slightly heavier than water, so they
gradually sink where they are carried along by currents (Ulrich et al.
1979). Sufficient water current is required to keep the eggs suspended
in the water column for successful development (Scholar 1977a, and Cheek
1968). This requirement may explain why American shad spawning was
found only in these rivers, all of which have relatively strong currents
compared to other rivers tributary to Albemarle Sound.

Historically, running-ripe female shad have been captured by seines
and gill nets fished in the extreme western Albemarle Sound, an area
without strong river currents. The numbers of spawning shad in this
location were sufficient to warrant the initiation of shad-hatching
operations at Avoca Plantation, at the mouth of Salmon C}eek in 1878

- (Worth 1879) andr -to. cont1nue the- hatch1ngr operatxon. at the Edenton'

:'Nat1ona1 Fish Hatchery until ﬁBr]d-War‘II Apparent1y, ‘the w1nd which ™

"blows almost constantly in this area, creates sufficient current for the
eggs to develop (Street et al.-1975).--Davis et al. (1970) reported that
--shad  appear to spawn in larger: tributaries to some extent. American
shad spawning in the western sound has not been documented since the
Division began work in the Albemarle Sound area.

~ AT} Amer1can shad spayn1ng areas.- have been documented e1ther by

"capture of eggs and/or 1arvee or observat1on of spawning. The spawn1ng
surveys were conducted to determine spawning areas for all anadromous
fishes, except for the Nottoway and Blackwater rivers during 1984, which
were sampled specifically for American shad. During the various
surveys, no running-ripe female shad were captured in gill nets.
American shad eggs and larvae were identified using Leim (1924) and

”Mansuett1 and Hardy (1967) as references The various spawning area
surveys w111 be d1scussed by river system. '
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Roanoke River

,_Chowan R1ver'

Only one egg was collected in 1973. During 1978, no eggs were
captured, but 54 Tarvae were taken (Table 4). Table 5 shows the number
and location of capture of American shad larvae in 1978. The relation-
ship of temperature and time to catches of eggs and larvae is shown in
Figure 11, for 1973 and 1978. For both years, the egg and larvae were
captured during week 17. The mean water temperature in 1973 was higher
(21°C) than that of 1978 (16°C) during week 17. Leim (1924) considered
that a temperature of "about 12°C is necessary before much spawning
activity would be displayed." Walburg and Nichols {1967) reported that
shad spawn at water temperatures from 18°C to 26°C, but usua\ly_between
14°C and 21°C.

Figure 12 shows the approximate spawning area locations for Ameri-
can shad as indicated by field sampling during 1973 and 1978. The areas
of capture were virtually the same. Baker {1968) reported that shad
ascended the Roanoke Rjver to the same point (U.S. 258 bridge) indicated
by our data. Walburg and Nichols (1967) reported the same range. From
these data it is assumed that all suitable areas below the highest point
of capture serve as spawning areas.

) No Amer1can shad eggs and/or 1arvae were captured in 1973 or 1983
Only four larvae were captured during the survey in 1979 (Table 4). The

"number of larvae and general locations of capture are presented in Table

6. Figure 13 shows the relationship of mean water temperature for the
three years and time to capture of larvae. As with the Roanoke River,
larvae were captured during week 17 in 1979. However, the mean water

. temperature in_the Chowan River during 1979 was lower (14°C) than that

found in the Roanoke River during 1973 or 1978. The approximate
spawning Jlocations for American shad as indicated by capture of larvae
in 1979 is shown in Figure 14,

Meherrin River

One American shad egg was taken in 1973 at the U.S. Highway 301
bridge in Virginia. However, in 1980, seven larvae were captured (no

“eggs) from the North Carolina portion of the river (Figure 15). Table 7

shows the number and general locations for capture of egqg and larvae in
29 '



Table 4. American shad eggs and larvae collected by egg nets in the

Albemarle Sound area, North Carolina, 1973-1984.

Number of
Water body Year eggs Number of larvae
Roanocke River 1973 1 0
1978 0 54
Chowan River 1973 0 0
1979 0 4
1983 0 0
Meherrin River 1973 1 0
1980 0 7
Nottoway River 1973 5 1
1984 1 17
Blackwater River 1984 0 5
Total 8 88
30
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Table 5. Locations of American shad larvae collected by egg net in the Roanoke
River area, North Carolina in 1978.

Date Location Number of larvae

04/24/78 Roanoke River U.S. 258 bridge 3

04/25/78 Roanoke River {Conoho Creek)50 50
below N.C. 125 bridge

04/25/78 Roanoke River (Conine Creek) !
below U.S. 17 bridge

Total 54

Tab1e 6. Locations of American shad larvae collected by egg net in Chowan
ijer area, -North_ Carolina in. 1979 i

...,.,:4 S ST “.74._ _T,,_S.F..._-_,_.._P—s,,..._ﬂ

~ Date - 7 ' B ‘“4Locationﬁ Number of larvae
05/07/79 " Chowan River (Spikes Creek) 1
05/07/79 Chowan River {(Cole Creek) 3

) Tota\ ' .. A
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_Figure.11. __Spawning_-times-and. temperatures. associated
with the capture of American shad eggs and
larvae in the Roanoke River area, N.C., 1973
and 1978.
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Figure 13. . Spawning times and temperatures associated with

the capture of American shad larvae in the -
Chowan River area, N.C., 1973, 1979 and 1983.
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Table 7. Locations of American shad egg and larvae collected by egg net in the
Meherrin River area, North Carolina and Virginia in 1973 and 1980.

Number Number
Date Location of eggs of larvae
05/30/73 Meherrin River U.S. 301 bridge 1 0
*

04/23/80 Meherrin River SSR 0 4

1311 and 1355 bridge
04/23/80 Meherrin River SSR 1339 bridge 0 2
05/02/80 Meherrin River SSR 0 1

1311 and 1355 bridge
Total 1 7

*
'SSR: State Secondary Road

“ Table 8. tocation of:American shad eggs collected by -egg net sampling in-the --:.

Nottoway River area, Virginia, in 1973 and 1984.

Date Location - Number of eggs"
05/08/73 Nottoway River - Virginia
Highway 653 bridge 1
05/15/73 -:= - :Nottoway River - Virginia -
Highway 684 bridge o D S
05/15/13 - - Nottoway River - Virginia - o
: Highway 40 bridge 2
05/15/73 Nottoway River -.Virginia . . T
) C- Highway 645 pyidge I
05/10/84 Nottoway River - Virginia :
Highway 653 bridge 1
Total 6
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1973 and 1980. The relationship of temperature and time to the <collec-
tion of the egg and larvae in the Meherrin River area during 1973 and
1980 are shown in Figure 16. For both years, all captures occurred from
weeks 16 through 18. The data collected in 1973 and 1980 shows that
American shad ascend the Meherrin River into Virginia (U.S. Highway
301), which is further than Walburg and Nichols (1967) and Baker (1968)
reported (Figure 15).

Nottoway and Blackwater Rivers

During the 1973 sampling on the Nottoway River, five eggs and one
larvae were Captured (Tables 4, 8 and 9). The 1984 sampling produced
one egg and 17 larvae from the same general area (Tables 8 and 9).
American shad were observed spawning in the Nottoway River (Table 9).
In addition, American shad larvae were captured in the Blackwater River
{(Table 9) which was not documented as an American shad spawning area
during the 1973 survey (Street et al. 1975) The relationship of mean
water temperature and time to capture of eggs and larvae during 1973 and
1984 is shown in Figure 17. Sampling in 1984 began later (week 19)
than previous surveys.

Figure 18 shows the approximate spawning areas of American shad in

the. Nottoway River. (1973 and 1984) and the Blackwater River (1984)/

s = ok v ybey e - .nm:—w—-—~uh & -.”-,‘..A._. D

POt r: A “‘t

areas, V1rg1n1a, *as indicated by
observation of spawning activity. The 1973 and 1984 data disagree
with that of Walburg and Nichols (1967) and Baker {1968). Both of these
reports indicated that shad ascend only to the mouth of Nottoway River.
Conversations with local fishermen in 1973 and 1984 indicated that a
significant recreational fishery exists on the Nottoway River for shad

ut111z1ng fly rods. Fishing occurred over a 50-m11e stretch of the

.r1ver upstream from Court1and Vwrglnla.

Water temperature is probably the primary factor that triggers
American shad spawning, but photo period, flow velocity, and water
turbidity also exert some influence {Leggett and Whitney 1972). Sholar
{1977a) reported that peak spawning occurred at water temperatures near
20°C in North Carolina. The spawning times as indicated by capture of
eggs and larvae and water temperatures associated with American shad
spéwning in other North Carolina rivers generally agrees with that found
for the tributaries of Albemarle Sound. Mansuetti and Kolb (1953),
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Figure 16. Spawning times and temperature associated with
the capture of American shad larvae and an egg
in the Meherrin River area, 1973 and 1980.
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Table 9. Locations of American shad spawning observations and/or larval collections l
by egg net in the Blackwater River and Nottoway River areas, Virginia, in

1973 and 1984. I
Number of larvae or
Date Location spawning observed
05/15/73 Nottoway River - VA Rte 626 bridge 1 I
05/10/84 Blackwater River - US Rte 258/58 bridge 1
05/17/84 Nottoway River - VA Rte 631 bridge 1 '
05/22/84 Blackwater River - 5 mi above mouth 3 l
05/22/84 Nottoway River - VA Rte 637 bridge 10 .
05/22/84 Nottoway River - US Rte 258 bridge 20 and Spawning observed I
05/22/84 Nottoway River - VA Rte 645 bridge Spawning observed
05/22/84 Nottoway River - V-A Rte 631 bridge Spavwning observed I
05/22/84 Blackwater River - 400 yds above mouth 1 I
05/22/84 Nottoway River - 400 yds above mouth 2
-05/22/8% .. Nottoway River - 2 mi sbove US Rte 258 bridge ... . - ... 2. ... l
i
i
i
i
1
]
40 l
i



I N I I N D B I BN EE D BN D S TN EE e EE e

22 -

20+

18 -

16

14

12

10— e S
99% 1973

—_— larvae

MEAN WATER TEMPERATURE (C®)

1984
------ larvae

T T
12 13 4 15 16 17 18 19 20 21 22
WEEK

figure 17. Spawning times and temperatures associated with the
capture of American shad eggs and larvae in the
Nottoway and Blackwater rivers Virginia, 1973 and
1984. ,
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Cheek (1968), and Ulrich et al. {1979) reported that spawning takes
place between sundown and midnight. However, shad were observed
spawning in the Nottoway River during the middle of the day.

The areas that are documented to function as spawning grounds need
to be protected from alteration and pollution to help ensure maintenance
of the population. The Albemarle Sound shad fishery appears to depend
principally on fish spawned in the Roanoke and Nottoway rivers. Further
development of these areas should consider potential effects on mainte-

nance of the American shad population and fishery.

NURSERY AREA SAMPLING

A total of 320 juvenile American shad was captured in 7,562 samples
in the Albemarle Sound area during 1972-1987 (Table 10). One of the
major objectives of sampling was to determine a relative abundance index
for each year class. However, so few shad were captured each year that
an abundance index could not be determined. There are several possible
explanations: (1) the Albemarle Sound area does not appear to produce
the number of juvenile shad that the Cape Fear River, Neuse River, and

" Tar-Pamlico River produce {Sholar 1977b); or (2) the low number of

s
i

juveniles captured indicates that nursery areas may not have been

'sampled:arifzrrtheagears:useé?wereanot;effective;foruthe,gaptureéofgf

these juveniles. The explanations presented in 2 and 3 are probably
valid and the juveniles that were captured were probably taken while
migratjngAfrom nursery areas in the upper tributaries. Landings data
(Table 3) indicate that the Albemarle Sound area produces about
one-third of the annual landings, suggesting greater production than
indicated by our sampling.

The - number of samples, - catch, and catch/effort for juvenile
American shad by the various gears in the Albemarle Sound area for
1972-1987 are shown in Table 10. Overall, the seine proved to be the
most effective gear; 261 juveniles were caught (CPUE 0.13). In 1985,
the highest year since the studies began, 102 juveniles were caught,
yielding a CPUE 1.44. Twenty-seven Jjuveniles were taken with the
semi-balloon trawl, for a CPUE of 0.06. Hassler (1974) and Hassler and

- Taylor (1984) reported no juvenile American shad being.captured at the

same stations utilizing the same gear in 1982-1984 (Figure 9). The
43
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““altered and protected from pollution.

number of individuals, samples, and catch-effort for juvenile American
shad from 1955-1984 as reported by Hassler et al. (1981), Hassler (1984)
and Hassler and Taylor (1984) are shown in Table 11. The number of
individuals captured has varied over the years (0-63), agreeing with the
Division data that an abundance index could not be determined. A total
of 32 individuals were captured using the wing trawl (CPUE 0.01). No
juvenile American shad were taken with the Cobb trawls (large or small).
The relative abundance indices for juvenile American shad by gear and
year are shown“in Figure 19. Because of the low numbers of juveniles
captured and the probability that actual nursery areas were not well
sampled, the relative abundance indices shown in Tables 10 and 11 and
Figure 19 should be used with great caution or not at all.

Nursery Area

Although relatively few juvenile shad have been collected (261),
tentative nursery areas can be delineated in the Albemarle Sound area.
These areas generally coincide with those of blueback herring and
alewife (Figure 20). Sampling in additional areas is needed to
definitely map American shad nursery areas in the Albemarle Sound
region. As Street et al. (1975) stated, these nursery areas are vitally
important for the maintenance of the population qu.sbould‘temajn"gn:.

Movement

Juvenile American shad have been found throughout the Albemarle
Sound area. The shad appeared more abundant over sand or gravel bottom,
similar to the reports by Walburg and Nichols (1967) and Hawkins (1980).
However, this apparent preference may have been due to gear and/or
sampling locations. Seine sampling is limited to sand or gravel beaches
where the gear can be most effectively used. .

Juvenile shad have been taken in the Albemarle Sound area from
February through December; overall, July accounted for the 1arge§t
number of individuals (136), but 93 of the total was captured in 1985.
September has accounted rather consistently over the years for a number
(91) of individuals {Table 12).
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Table 11. Number of samples, catch, and catch/effort for juvenile American shad by
semi-balloon trawl in the Albemarle Sound area, North Carolina 1955-

1984. (Hassler, Hi11 and Brown 1981, Hassler 1984, and Hassler and
Taylor 1984).

Semi-balloon trawl

Number of Number of
Year individuals samples C/E
1955 0 37
1956 0 45
1957 0 57
1958 16 40 0.40
1959 0 51 0
1960 0 54
1961 1 61 0.02
1962 0 44 0
1963 12 45 0.27
1964 0 44 0
1965 4 49 0.08
1966 0 52 0
1967 26 33 0.78
1968 0 49
1969 0 49
1970 7 49 0.14
~1a71 LgE S 9 0.
1972 0 56 0
1973 - 0 56 0
1974 2 56 0.04
1975 1 56 0.02
1976 0 56 0
1977 0 54 0
"1978 0 54" 0
1979 63 49 .29
1980 2 56 0.07
1981 0 56 0
1982 0 49 0
1983 0 56 0
1984 0 56 0
Total 134 1,518 0.09
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‘tributaries, North Carolina. ' ‘

48



. : (panuLiuod)

£l 0 £ i : 0 teloy

% ¥ ; * ¥ ) anmp

% * % %* 1 9861

" x x " 5861

- ¥ x ¥ ¥ 4861,

- ¥ % X X €861

- x E ¥ , % 1961

00l - ! x * % ¥ i86l

. 16-0h Sh 8 * . oy : X 0861
% ® * ¥ : ¥ RILIRRA

- - x L % LaL6l

- " X x = ¥ _ LL6t

- « x ok , - | 9L6L

- * ¥ - - 5161

SLL-90t oLl z 6 : - - Hae

on-€€ L€ " 501 - ' TR S | €61

- - - - el

@6y 13 CON  (W8) 13 "ON M 3 CON W@y 4. CON (WD) 14 ON M T3 ON
sbues uesy sbues uesy ue.l ueay abued :mmz oo ebues wueay .. ebues ueoy
yibua yibuen y3buan y3bue . yjbuaq w yabua

sung Ken {1Jdy zogmz g KienJaqay . KJjenue

; .

. |

Bm. th. .2:9_3 U2JoN i
‘@oJe PUNOg S| JRWEGLY UL USYPY POYS UBILIBWY S| LusAn( jo ?E; om:o.._ :um:g pue’ y3buay $10} ueow ‘yiuow Aq JeQuNN "ZL @LqR)

K . . .

L ' : i
A .,.. .
. _ .



Ui GES SN BED NN N B BN BE AN EN BE IS Be DN BN BN B a

kS ..~ +sa|dwes OU $330U3Qx
) e
‘yse0 ou ‘uayey sa|dwes sejouag-

oze 0 2 "z 16 9gL €30}
61 ¥ ¥ £6 - v new 9'26 2-19 0.9 T L86L
9 " * €0t-tL 0% § L 9L - 9861
z01 x : x S6-€L 9°6L L 6L - 06-S% Z°L9 €6  S86i
9l % x 26 - L sLi-99 16 98-46 L. 9 g6l
2 % x SZI-€L 68 5 00L-19 26 18 - L esel
sz x - - SL-gh €9 - 2861
L % M - 98-£8 - Ws-0n  Lh € L86L
ih X - - 09 L9-6% 1§ sz ost R
"l ¥ * - 89-55 €9 0-29 (9 £  6l6l
92 x - 56 - L 96-55 08 29-06 !5 € 86l
1z - - - 18-09 o - - L6\
; - - - zot-001 z - S- - 9¢61
6 - - - OtL-he 6 - - S261
f - - it - i . - - nl6l
ot 16-56 96 1 - - 8s 18 - - €261
€ L0L-02 €°06 € L - - , 26l
"N W S TR () I F T T e () P T lmg ST (7T M R
te10] abues ueay abues ueay abues uesl abues ueby .} sbues ueey ... ebues ueaM

zumcwwneouoc :umcwunso>oz ;umcwwnouoo ;umcwwaﬂﬂﬂmwmlllrwwzum:oA IeNbRY o Bl nr

*{panuiIued)  ZL 8lqe}



1

!

i

i

i

el
b

Studies indicate that American shad remained in fresh and brackish
waters until October or November, when they migrated to the ocean
{LaPointe 1958; Talbot and Sykes 1958; Godwin and Adams 1969). Sholar
(1975) and Hawkins (1980) noted decreased catches of juvenile shad
during October for the Cape Fear River and Neuse River, respectively.
Decreased catches were also noted in the Albemarle Sound area during
October (Table 12).

Godwin and Adams (1969) in Georgia found evidence of size-related
movement. Sampling produced no evidence of this type movement in the
Albemarle Sound area. The mean length of American shad increased
steadily from month to month from combined data (1972-1987), showing no
sign of leveling off. These data agree with that for the Neuse River as
reported by Hawkins {1980). .

Most juvenile shad migrate to coastal waters by their first winter.
Chittenden and Westman (1967), Leggett and Whitney (1972), Neves and
Depres (1979) and Boreman (1981) noted a coincidence between peak down
river movement of juvenile shad and a decline in water temperature below
15.1°C. This was also evident from the Albemarle Sound data. The few
fish that were taken during the winter months were captured in the lower
sound, probably utilizing the region as a wintering area. Spitsbergen
Nolff (1914

,e?capture of Juvenwle shad 1'

“River area during March These fish were evidently using ‘the 1owef ”
-”g§;u§r1ge»waters to over;wynter. ” 0cean1c samplmng conducted by the R/V :

' DAN MOORE indicated that juvenile shad migrated from the nursery areas

as Yate as February (Holtand and Yelverton 1973).
Growth

Amer1can shad from the A]bemar1e Sound area exh1b1ted rap1d steady

"growth Juven11e “shad dur1ng Junie- October 1972 1987, ranged from 37 to "

125 mm FL. These sizes are slightly larger than those found by Walburg
(1956) and Hawkins (1980) in the Neuse River. Mean fork lengths and

. standard deviation by month are presented (Figure 21) for those years in

which juvenile American shad were caﬁght-_consistentTy during June-
October (1978-1987). High growth rates were reported for shad from the
Altamaha River, GA (Godwin and Adams 1969), Cape Fear River (Fischer

"1980), and Neuse River (Hawkins 1980). Hildebrand and Schroeder {1928)

also documented the fast growth of shad 1in the Potomac River, VA,
51
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reaching an average length of 47 mm during the first half of July, 66.5
mm by the last half of August, and 70 mm by the last half of October.
The mean lengths found in Albemarle Sound area are very similar to those
of the Potomac River, VA.

COMMERCIAL HARVEST SURVEY

American shad landings and values for North Carolina and the
Albemarle Sound area are presented in Table 3 for 1972-1987. Landings
and values have fluctuated considerably during these 16 years. The
decline in North Carolina landings has been more dramatic than that in
Virginia or South Carolina, but has not resulted in stocks reaching the
Tow Jevels observed in Maryland {Atlantic States Marine Fisheries
Commission 1985). The Atlantic coast landings, by state, are shown in
Table 1 of the Appendix for 1880-1985.

Walburg and Nichols (1967) stated that the Neuse River was the most
important shad stream between the St. John River, FL and the James
River, VA in 1896. However, Hawkins (1980) reported that American shad
landings for 1972-1979 from the Neuse River area accounted for an
average of 14.5% of the total North Carolina shad catch. Comparing this
average with that of the A\bemar1e Sound area for the same time period,

the AXbemarTe area has contrIbuted an* average ‘of 64% of the state tota1;_

This is significantly more than the Neuse River. These proportions may
be somewhat misleading, for fish from outside these areas are Sometimes-
sold to area fish dealers; however, shad from Albemarie Sound are also
sold to dealers in other areas. Therefore,.these landings are the best
estimate of commercial catch available.

- For the 1972-1987 time per1od the Towest state landings were
reported in 1977--54 943 kg (121 022 )b) o However the A]bemar]e -Sound- -
area in 1977 contributed the highest percentage (65.8%) to the state
total ‘than in any other year, between 1972-1987. The lowest total
reported in the A]bemaf]e area, occurred in 1981 (30, 296 kg,.dr 66,732
1b), but the state tota] was above the 16° year ‘average (153,003 kg, or
337,013 1b). w1ns1ow et a1 (1983) reported the lowest river herring
Tandings on record in 1981 for the Albemarle Sound area.

The North "Carolina 'Division “of Environmental Management' has

collected data on river flow and the concentration levels of pulp
53



mill effluent discharged into the Chowan River in Virginia, just north
of the North Carolina-Virginia border for several years. During years
with normal river flow (i.e. 1979-1980), the pulp mill effluent is out
of the river prior to spawning runs. However, in 1981 flow was low and
the effluent remained in the river considerably longer (Winslow et al.
1983). Everett (1983) therefore concluded that in the spring 1981, the
high concentrations of pulp mill effluent in the river probably inter-
fered with the normal river herring migratory pattern. This may also
have affected American shad movement resulting in the decrease in
landings.

Total state and Albemarle Sound area landings 1increased
significantly during 1983 and 1984. Albemarle area landings were higher
than any reported during the previous 13 years (Figure 22).
American shad landings in 1985-1987 declined for the state and
Albemarle area compared to that of 1984. 1In 1986 the state total was
above the 153,003 kg {337,013 1b) average (1972-1987), but the Albemarie
area total was below its average (54,852 kg, or 120,820 1b). During
1985 and 1987, the reverse situation occurred (Table 3 and Figure 22).

Gi11 nets, pound nets and haul seines have historically been the
principal commercial fishing gears in the Albemarle Sound area, as well
as eLh%J,entxgsnzésate for -American -shad cualburg and Nicbols, 1967},
Candings For 1372-1987 from the Albemarie Sound area and North Carolina
-are_ shown. ‘in Tab1e 13 and 14 by year and gear‘ :Since 1896 9111 nets

norma]]y have accounted for the 1argest percentage of the landlngs
annually -in - the -Albemarle -area -and ‘North Carolina (Stevenson 1899,
Walburg and Nichols 1967). Gill nets were the dominant gear for
Albemarle Sound area 1and1ngs during 11 years and pound nets were the
dom1nant . gear. -the other f1ve years.i Landlngs by haul _seines. have.
cont1nued to dec11ne since the 1890s, but the use of this gear a]so has
declined. The overall data for the Albemarle area for these 16 years
indicates that gill nets have accounted for 64.6%, pound nets 33.3%,
haul seines 2.2% and other gears 0.01% of the harvest. ' ,

Gill nets (anchor and drift) have contributed the highest
percentage of American shad to the state landings for 15 of the past 16
years (Table 14). Only in 1977, did pound net catches dominate the
state's landings. Overall for this tfme period, commercial gears
contributed the following to the harvest: 65.7% were taken by anchor

54
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anchor gill nets; 19.0% pound nets; 11.4% drift gil) nets; 3.6% haul
seine; 0.1% trawls; and 0.05% by other gears.

American Shad Year/Age Class Composition

The Albemarle Sound area age data for 1972 and 1982-1987 (years
when individual weights were taken) was used to calculate the number of
individuals in the commercial harvest from each year class by month.
The contribution of each year class to the American shad harvest by sex
and month for these years are presented in Appendix Tables 2-8. The
summary by sex of the year classes represented in the 1972 and 1982-1987
fishery is shown in Table 15.

The 1972 fishery was represented by year classes 1869-1963 (ages
3-9). Males contributed to year classes 1869-1964 with the 1967 year
class (age 5) dominating the male harvest (53.8%). Females were
dominated by the 1966 year class (age 6), making up 51.7 %, but was

represented by 1968-1963 year classes. The 1967 and 1966 year classes
(age 5 and 6) clearly dominated the harvest, accounting for 84.1%, sexes
combined,

The year classes 1979-1974 were represented in the 1982 male
sample, with the 1977 year class (age 5) comprising 45.7% of the males.
The 1976 year class (age 6) dominated the females 40.4%, with the

‘“f&??hi???”year~e?assés’Pepresenféd“;~Age eTasses 1977 ind WS g
and 6) represented the maJor1ty of the fish in the fishery (64.0%) .

~ Year c\asses '1980-1974 ‘were - represented in the fishery during '1983. -
The 1978 year class. (age - 5) composed 52.2% of the ma]es, but males
contributed to the 1980-1975 year classes. Females were dom1nated by
the 1977 year class (age 6), 38.0%. Year classes 1978 and 1977
_accounted for 74 0% of the flsh

S The 1984 fﬁshery was composed of fish from the 1980-1975 ‘year
classes. Forty-two percent of the males were from the 1979 year class
{(age 5). Females were dominated by the 1977 year class (age 7),
contributing 32.9%. Age classes 5 and 6 (year c1asses 1979 and 1978)
dominated, amounting to 53.2% of the fishery. b

The 1982-1977 year classes were represented in the fishery, 1985.
Males were found to contribute to all year classes, but the 1980 year
class “age (5) accounted for " the highest percentage {46.4%). The 1979
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year class (age 6) dominated the female portion, composing 48.6% of the
total. Females were represented by 1981-1977 year classes.

Males were represented in the 1982-1978 year classes, with the 1981
year class accounting for 51.1% of the total, during 1986. The 1979
year class (age 6) dominated the females (39.6%), but females were
represented by 1982-1977 year classes. Overall, the 1981 and 1980 year
classes contributed 61.1%.

During 1987, the males were dominated by the 1982 year class (age
5), representing 37.6%. Year classes of males were 1983-1979. The 1981
year class {age 6) accounted for 42.4% of the females. Year classes
1982 and 1981 accounted for 57.8% of the fish.

It is evident from this data that March and April are the principle
months of the shad fishery in the Albemarle area, as it has been histor-
ically. The contribution of the year classes over the months is spread
out. For these years that the number of individuals have been calcu-
lated, there does not appear to be any relationship between time period
{months) and age of the fish. It is obvious that 5 and 6 year olds
contribute the major portions of the harvest. The percentage of 5 and 6
year old fish in the harvest has varied somewhat during these years,
from a high in 1972 of 81.4% to a Yow in 1984 of 53.2%.

“ADULT SAMPLING

_Size, Age,_and Spawning Class

_ Amer1can,shad were sampled from the commercial harvest each spr1ng

in the Albemarle Sound area. A tota)l of 4,118 scale samp]es was found
suitable for age determination from 1972-1980. As ‘described in the

methods, sub- samp11ng for ag1ng began 1n 1981 Scale samples from 2 073_1 B

 shad weré'aged and expanded f011ow1ng Ketchen (1950) to obtain the total
number of fish samples (3,638) during 1981-1987.

The annual age-size composition for 1972-1987 1is shown in Tables
9-24 in the Appendix. Most shad populations on the Atlantic coast are

‘comprised primarily of age classes 4 through 7 (Rulifson et al. 1982).°

The Albemarle Sound data generally agrees with the literature, except
for the 1979 data. The large number of old virgin fish is questionable
and -differs significantly from the other years. - Unfortunately, the
scale samples for 1979 were destroyed and could not be re-read.
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Therefore, this data will not be included in the combined age table or
in the discussion. The combined age and spawning frequency for American
shad from the Albemarle Sound area, 1972-1978 and 1980-1987 is presented
in Table 16.

Ages ranged from two to eight years for males and four to nine
years for females (Table 17). The mean ages from 1972-1987 ranged from
4.0 to 5.8 years for males and 4.8 to 6.5 years for females. The mean
low occurred 1in 1974 and the high in 1981 for both sexes. Mean age
of males for all years was 5.0 years and females 5.6 years. Age groups
four and five comprised 68.6% of the male sample {Table 17); similar to
that found in the York River, VA. (75%) in 1957 (Nichols and Massmann
1963). The percentage of males age 4 and 5 in the Albemarle area is
lower than that reported for the Pamlico River, 89.5%, (Marshall 1976),
Cape Fear River, 93%, {Sholar 1977b) and the Neuse River, 85%, (Hawkins
1980), but higher than that found in Virginia rivers in 1978 and 1978,
37.8% and 33.7%, respectively ({Johnson et al. 1978 and Loesch et al.
1981). Males in age group three contributed only 1.5% to the fishery,
probably due to the size selectivity of gill nets. Walburg (1957)
reported similar results from the Neuse River. S

Females were predominately five and six years old, comprising 66.6%

ﬁpf:thg:§§¢gle§jfab1g3171;ftﬁichgT;japdéM;ssmanng{1963)_repoftedégﬁmudh;

lower percentage (39.5%) for the York River, VA., during 1957-1959. The

..percentage _of five and six-year-old females in these age groups_is _

similér to that reported by Walburg (1957)_for the Neuse River (72%), _
but differs from that of the Pamlico River (77%) (Marshall 1976), Cape
Fear River (86%) (Sholar 1977b) and Neuse River (92%) (Hawkins 1980).
The modal age for spawning in the Albemarle Sound area appears to be

“five years old. This agrees with that found by Loesch et al." {1979)“fér -

Virginia in 1977. Since samples were from the gill net fishery, which
is size selective, it is possibly biased. A _ -

Age groups five through seven years old, sexes combined,,accountéd
for 77.2%  of the.sample {Table 17). Similar percentages (80;6%) hére
reported from offshore North Cafo]ina F(Ho11and ahd Yelverton 1973) and
on the Delaware and Connecticut rivers {Walburg and Nichols 1967).

. _. The percent contribution_of each year class of American shad from

the Albemarle Sound area commercial harvest 1972-1987 is shown in Table
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18. This data generally agrees that with reported from Virginia rivers,
1977-1983 (Loesch et al. 1977, 1981; Johnson et al. 1978; Loesch and
Kriete 1980, 1981, 1982, 1983).

Spawning history indicated that most males spawned first at age
four and females at age five, agreeing with that reported by Walburg
(1957) and LaPointe (1958). The proportion of repeat spawners in a
population 1increases with increased latitude. Virtually all shad south
of Cape Hatteras die after spawning, while the percentage of repeat
spawners in rivers north increases (lLeggett 1969; Chittenden 1975;
Leggett and Carscaddan 1978). Of the American shad sampled in the
Albemarie Sound area, 19.4% were repeat spawners. This percentage
fluctuates annually, from a low of 0.2% (1977) to a high of 57.9%
(1981). The percentage of repeat spawners for the Potomac River, VA,
was 17% (MWalburg and Sykes 1957) and 23% for the York River, VA.,
(Nichols and Massmann 1962). The percentage found for the Albemarle
Sound area is considerably higher than the 3% and 7.4% reported for the
Neuse River by Walburg (1957), and Hawkins (1980), respectively, but
comparable to the 18.6% found by Hassler and Pate ({personal
communication) in 1971. Virgin males composed 59.5% of the data and
females 52.0%, sexes combined virgin fish accounted for 56.3% of the
:isample.s

Mean lengths of A1bemarle Sound area Amer1can shad were compared |
“with those of - other 1nvestxgat1ons 1n North Carol1na (Tab]e 19) T and -

“along the Atlantic coast (Tab]e 20) Mean size at age is similar for

~all North - Carolina 'studies. — Growth “differs between northern - and

southern rivers as well as between sexes. Length increases with age of
shad greater 1n the north than south (Wa]burg and Nichols 1967) Since
" females -grow: faster than maXes.-.fema\es are consxderably ‘targer at.all
ages. The Albemarle Sound data generally agrees with these findings.

Sex Ratio

Sex ratios of Amer1can shad popu1at1ons are difficult to determ1ne

due to co11ect10n techn1ques and commerc1a1 pract1ces of harvest1ng and
marketing. Fishermen utilize large mesh gill nets to select for the
larger females because of their higher value (price per pound) compared
to males, especially if the females are “roe" shad (Rulifson and Huish

1982). Examining the ageing data on an annual basis, sex ratios have
64
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Percentage contribution of each year c]a§§ of American shad harvest 1972-1987.

Table 18.

Fishing Year
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varied from 1.12:1 males to females, to 2.7:1. The overall sex ratio
from the aged individuals yields 1.39:1 male:female; however, if all sex
data is analyzed, a sex ratio of 0.92:1 is obtained. As previously
stated, this is a biased size selective fishery and these ratios
probably do not reflect the true populaticn. Walburg and Nichols
(1967) and Cheek (1968) reported that during the freshwater migration
the sex ratios vary, with the early part of the run dominated by males
and the latter part of the run approximately equal or slightly dominated
by females.

Length Frequency

The length frequency distributions for male and female American
shad from the commercial fishery in the Albemarle Sound area, 1972-1987,
are presented in Figure 23. The annual length frequencies are shown in
Figures 5-16 in the Appendix. Male shad ranged in length from 238 mm to
562 mm FL, and in weight from 0.46 kg to 3.01 kg. Females ranged in
length from 279 mm to 595 mm FL, and in weight from 0.59 kg to 3.58 kg.
Male shad dominated sizes 350-425 mm, and females 450-525 mm FL.
Females were consistently of larger modal lengths than males, agreeing
with historical data. “The length ranges for both sexes of shad in the

»A]bemar]e Sound area exceeded the lower and upper ends of the ranges

<:Found - for’the-BTackwater'R1verh—€ape~Fear Rtver ﬂorthe&st«Eape Eear
River, Neuse R1vgp and ‘the Tar- Pam11co River (W1ns1ow et al. 1983).

we1ght Length Re]at1onsh1p

Ma]es'and .females were analyzed separately due to variation in
weight at a given 1length (Table 21) in the linear regression model.
The overall fork length-weight relationship by sex is shown in Figure
. 24 The regression model for "all-years combined accounts for 78% .of the
variability for males and 75% for females. Coefficient of determination
is the proportion of the variability in the dependent variable (weight)
that is accounted for by the independent variable length.

- Insufficient numbers. of spent American shad were available to
accurately calculate a length-weight regression for post spawning fish.
Weight loss by the small number of spent females sampled were consid-
erably higher percentage-wise, than females of other species. Llosses of
30 to 45% were not uhcommon {Street et al. 1975, lLeggett 1969).
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Figure 23. Fork length frequency of American shad from commercial
fishery of the Albemarle Sound area, N.C., 1972-1987.
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Table 21. Weight-length regressions fog American shad, where log 10 weight (kg) =
a+b log 10 length (mm) and r°~ = coefficient of determination from the
Albemarle Sound area, NC.

Male Female

Year a b r? a b r?
1972 -9.61 3.70 0.80 -7.32 2.85 0.68
1981 -7.85 3.02 0.79 -7.53 2.92 0.77
1982 ~-7.78 2.99 0.76 -8.67 3.34 0.82
1983 -8.46 3.26 Q.73 -6.97 2.71 0.57
1984 -8.82 3.39 0.86 -7.76 3.01 0.72
1985 -9.17 3.51 0.75 -8.42 3.25 0.80
1986 -7.40 2.86 0.69 ~7.17 2.79 0.60
A1l years -8.68 3.34 0.78 -8.07 3.13 0.75
combined
70
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Mortality

Total mortality for males derived from catch curve analysis ranged
from 0.4 in 1981 to 2.6 in 1978 and from 0.6 in 1981 and 1984 to 2.7 in
1977 for females (Table 22). Female mortality estimates during 1977,
1978, and 1981 and male mortality estimates for 1974 and 1977 were
calculated with less than ideal methods due to only two age classes
being present after recruitment. Estimates before 1979 appear reliable
with flat descending arms on the catch curves (Mean r2=0.97). Other
fishery statistics remained relatively constant during this period
including mean age after recruitment (Table 23), landings, except 1978,
(Figure 22), and age structure. The mortality estimates calculated from
the mean age methods were similar to catch curve estimates.

Total mortality estimates were lower during 1980-1986 than during
the 1970s (Table 22). The descending arm of the catch curves was less
flat (mean r2=0.92) than during the 1970s, indicating a change in effort
or recruitment. The increase in landings (Figure 22), increase in the
juvenile index for year class 1975-1980 (Figure 19), decrease in total
mortality, increase in mean age after full recruitment (Figure 25), and
the increase in the numoer of older fish in the landings after 1980

. (F1gures 26 and 27) 1nd1cate an 1ncrease in recruitment.

»_.a..-.

TAGGING

Efforts at two pound nets Jocated in southern Croatan Sound from'

28 February through 30 April 1974 and 15 February through 31 March 1975
resulted in the release of 115 tagged American shad. Table 24
summarizes the number of American shad tagged each month and the percent
recaptures during the. same t1me period. A tota]uof nine fish have been
" recaptured, yielding a return rate of 7.8%. ‘During 1974, 49 shad were
tagged and six returned (12.2%), while 66 were tagged in-1975 and three
returned (4.5%). 'Gill nets accounted for 7 (77.8%) of the returns, with
pound nets contr1but1ng the rema1nder (2)(Table 25).

The recapture locations are shown in Figures 28 and 29 for American

shad tagged in 1974 and 1975. Of the six returned during 1974, four

were recaptured near thé tagging site, while the other two were from

central Albemarle Sound. One of the three shad recaptured in 1975 was

taken from the Pee Dee River, SC after traveling approximately 360 miles
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Table 22. Total mortality (Z) for American shad in Albemarie Sound area,

1972-1986.
Total mortality (7)
Males Females

Catch Mean Catch Mean

curve age curve age

method method method method
1972 1.6 1.3 1.6 . 1.7
1973 1.2 1.4 2.4 2.4
1974 1.4 - 1.8 1.9
1975 1.5 1.7 1.8 1.7
1976 2.5 2.0 1.9 2.6
1977 1.4" 1.8 2.7" 2.8
1978 2.6 1.9 2.3" 2.5
1979 - - - -
1980 0.7 0.8 i.1 1.7
1981 0.4 0.6 0.6 0.4
1982 1.3 1.1 1.3 ' 1.0
1983 1.4 1.1 . 1.4 1.1
1984 0.6 0.8 0.6 0.6
1985 1.1 1.0 1.4 1.2

Estimates from only 2 age classes
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Table 23. Mean age of American shad after full recruitement*.

Mean age

Year Females Males
1972 6.21 5.37
1973 6.10 5.34
1974 6.17 5.00
1975 6.23 5.23
1976 6.08 5.16
1977 6.06 5.29
1978 6.09 5.17
1979 - -

1980 7.02 5.85
1981 - 6.80 6.09
1982 6.59 5.47
1983 6.47 5.49
1984 7.20 5.86
1985 6.42 5.57
1986 - 7.08 5.63

LR - W . . . e . - . R : . -
<o ASsumed: Full-recewi tnent: atiage:5dnd 6 For.males and. females, respectively ss:
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Figure 29.

Recapture site outside Albemarle Sound area, N.C., for
American shad tagged from pound nets in Croatan Sound,
N.C., February-March 1975.
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in only 29 days. Whether the southward movement was a reaction to
tagging trauma or represented the natural migration of this fish cannot
be determined. The other two fish recaptured in 1975 were from the
Albemarle area. A1l of these recaptures came soon after tagging (29
days maximum). Considering the amount of fishing effort expanded
throughout Albemarle Sound and its tributaries, it is puzzling that no
shad were recaptured late in the season or near the spawning grounds.

The Division conducted offshore anadromous tagging on the R/V DAN
MOORE 1968-1971. A total of 308 American shad were captured and tagged
with Floy FT-2 dart tags. A1l of these fish were captured between
Chesapeake Bay entrance and Wimble Shoals (Holland and Yelverton,
1973). No tags have been returned from the R/V DAN MOORE tagging. The
number of American shad tagged and recaptured were insufficient to show
any pattern of movement. All of the fish recaptured, except for one
each in 1974 and 1975, showed movement up into the system. This was
similar to that found by Hawkins (1980) for the Neuse River.

Scarratt and Dadswell (1983) have conducted extensive summer
tagging projects on American shad recently in the Bay of Fundy, Canada.
The widespread distribution of.recdbtures demonstrates that shad from
all river systems along the east coast intermix in the Bay of Fundy.

tFIhérretubagdataitdnfirmsvihe!ﬁeasonal;movement patternsghypothesizedfby;”

Talbot and Sykes {1958) and Leggett and Whitney (1972). That is, after
spawning, adult .fish migrate to the Gulf of Maine and remain in'that
area throughout the summer and into the fall. A southward migration
begins in mid-fa\i; with over wintering occurring in the nid-Atlantic
area. _

American shad tagged in the Bay of Fundy have been returned from

‘North. Carolina, -from both. offshore and inshore waters (Scarratt and

Dadswell 1983). No shad tagged in North Carolina have been--returned
from the northern areas. This is probably a result of so few fish being

tagged. L -
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FACTORS AFFECTING DECLINE IN ABUNDANCE

The American shad run in Albemarle Sound area, as well as the rest
of North Carolina, are greatly reduced from what they were during the
19th century. State landings have fallen precipitously from a peak of
4,086,000 kg {9 million pounds) in 1897 to a low of 54,935 kg (121,022
pounds) in 1977. However, shad landings are considered to be inaccurate
due to the decrease in the number of true commercial fishermen in recent
years. A large quantity of shad are caught in North Carolina by
recreational fishermen using commercial gear. These fish are kept for
personal consumption or are "peddled" to friends. In either case, the
shad never enter the official statistics. The lack of catch-effort data
for the fishery also prohibits a true picture of the shad resource.
Even with these 1inadequacies, the trend is the same; fewer fish are
being caught each year. Currently there are insufficient data to
determine the actual cause or causes for the decline.

Taylor (1951) found that shad showed signs of "depletion" or
biological scarcity in North Carolina. He stated, “shad is probably at
a permanent biological disadvantage and may never be as abundant or
migrate as in former years." The decline of shad in North Carolina has
been attributed to po]]ution_(industrial, pesticides, siltation), dams,

“ahd overfishing. These same - factors have been suggested ‘for the entire '
Atlantic coast (Roelofs 1951, Mansuetti and Kolb 1952, Walburg and
fNiéhon51967);1¥ﬂhi1éfthese3féttdrs*may have contributed to historica¥
declines in landings, their role in the last 20 years has generally not
been clearly delineated. Roelofs (1951) considered siltation and dams
to be the major factors in the decline of shad in North Carolina. 1In
the Albemarle Sound area, only one dam exists on a tributary within the

-state.” -The “dam:*'was  built in 1955 on the - Roanoke River at Roanoke

Rapids, NC.

In recent decades the Albemarle Sound and its tributaries have
experienced deterioration of water quality which has been considered to
have 1impacted the alosid stocks. However, the impact is not as
clearly defined as that of the Delaware River (Atlantic States Marine
Fisheries Commission 1985). Several factors resulting from poor water
quality may be involved in preventing recovery: (1) blue green algae
blooms possibly smothering larvae or producing toxins; (2) low dissolved
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oxygen levels resulting from blooms; (3) food chain interruption may be
eliminating preferred food items; and/or (4) migration patterns of
spawning adults may be altered during low flow years when pulp mill
effluent 1is highly concentrated in the lower tributaries to western
Albemarle Sound. While these indirect findings suggest a potential
pollution effect, it has not been vigorously established.

Similarly, pollution of nearly all estuarine waters along the east
coast has certainly increased over the last 20 years due to all aspects
of development on the watersheds. The general degradation of water
quality is a coast-wide problem. During the past 20 years, sewage
discharge has decreased significantly with the construction of sewage
plants. This decrease in organic enrichment would benefit water quality
conditions; however, it would not result in a _.reduction of other
types of pollutant discharges {Atlantic States Marine Fisheries
Commission 1985). Boreman (1981) reported that dams and pollution are
two stresses that have been blamed for stock reduction; however, more
subtle stresses may have gone undetected.

Other investigations have determined overfishing to be the major
cause for the decline of shad in the Chesapeake Bay area and Hudson
River. Talbot (1956) statistically determined excessive fishing

spﬁeéSugeéidiba;tbgfmaithféczéﬁféfféttiﬁéashadﬁé&nSc%n;théxﬁéésdnlEiver!i

Nesbit (1939) stated “the decline in shad production in Maryland,
-Virginia; -and North Carolina -is the -result -of overfishing." Roelofs
(1951) concluded that overfishing was very unlikely in Norttharo1ina
and, at that time, unproven. 'Goddyear (1977) suggested that the
observed decline in landings may have been caused by increased
exploitation, but more likely caused by reduced ability of stocks to

withstand additional stress, i.e. reduction in the stock's "compensatory =° -

reserve." .
Currently, no proof exists to explain the,dréstic reductionAof shad
in North Carolina over the years. Possibly the combined effects of
these factors, singly or collectively, could be acting on the population
to account partially for the decline. Undoubtedly, pollution and
migration barriers have taken their toll, but excessive harvest,
although unproven, probably has had a significant role. When the

effects of each of these factors are combined with high post-spawning
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mortality, the overall result is a seriously depleted shad resource.
Mansuetti and Kolb (1953) suggested the existence of some type of
natural biological cycle within the population, but no evidence has been

presented to substantiate their view.

RECOMMENDATIONS

The North Carolina and Albemarle Sound area shad resources, despite
slight increased landings during the last few years, continue to be
depressed. Amefican shad and civilization are not compatible and it is
doubtful they can ever be restored to the status of the late 19th
century. Changes have occurred in the spawning and nursery areas as a
result of the encroachment of man, from being reduced in some areas to
complete elimination in others. Rivers and sound environments have been
altered physically as well as chemically. '

The data collected in North Carolina on American shad has been
beneficial in many aspects. Data has been utilized in the joint
ventures agreements with foreign fishing interest. The information
available on American shad in North Carolina has proven useful in the
development of an east coast shad and river herring plan coordinated by
the Atlantic States Marine F1sher1es Comm1ss1on The knowledge of areas

utirized by~ Amemcan “shad:-ras~ »Spawmng ‘and- mxrsery ‘areas’ has® proven -

beneficial in the curtailment of development in those areas. These
;areas need to be“protected- from degredat1on. -In the futbée;*if North
Carolina decides to develop an American shad state management plan, all
of this data will be available for the plan.

Current anadromous studies in the Albemarle area do not yield
suff1c1ent information to eva]uate the reason for the dec]1ne One of
ithe maJor def1c1enc1es isca 1ack of catch- effort ‘data.” Once catch and
effort statistics have been obtained for several years, studies can
proceed to determine population sizes and -factors responsible for
fluctuations in abundance, and appropriate management measures could be
"developed. " In addition, information” on harvest "and ‘utilization is
desperately needed; without it the shad population can never be
adequately evaluated. The Atlantic States Marine Fisheries Commission
shad-and river herring plan  is -beginning to -address these data needs.

Action needs to be taken to reduce or eliminate pollution aof the
waters and habitat destruction. With basic biological data and reliable
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harvest data, there 1is no reason why the American shad population in
the Albemarle Sound area, as well as North Carolina, cannot

again support a viable fishery.
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Table 2. Contribution of each year class to the American shad harvest from the
Albemarle Sound area, North Carolina, commercial fishery, by sex, by
month, 1972.
Male Female
Total
Year Per- Number of Per- Number of number of
Month class cent individuals cent individuals individuals
February 1968 38.5 173 10.0 35 208
1967 53.8 245 60.0 209 454
1966 7.7 35 30.0 105 140
March 1968 11.6 610 7.1 365 975
1967 58.2 3,058 39.0 1,983 5,041
1966 23.2 1,213 42.1 2,147 3,360
1965 6.2 324 11.1 568 892
1964 0.8 40 - - 40
1963 0 - 0.7 40 40
April 1969 2.3 199 - - 199
1968 25.0 2,193 1.9 199 2,392
1967777 TTR2Y T T 4,473 T 333 " 3,581 "8,054
1966 20.4 1,793 57.4 6,164 7,957
1965 - - 7.4 797 797
May 1969 12.3 72 - - 72
1968 26.3 154 2.9 10 164
1967 45.6 269 50.0 175 444
1966 12.3 .72 38.2 - 134 206
. 1965 3.5 21 .9 10 31
1964 - P- 5.8 21 21
Total 14,944 16,543 31,487
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I Table 3. Contribution of each year class to the American shad harvest from the
Albemarle Sound area, North Carolina, commercial fishery, by sex, by month,
I 1982.
l Male Female
Year Number of Number of Total number
I Month class Percent individuals Percent individuals of individuals
February 1978 15.8 195 0 0 195
l 1977 42.1 524 18.8 196 720
1976 31.6 392 31.2 321 719
l 1975 10.5 131 31.2 327 458
1974 0 0 18.8 196 196
I March 1978 32.6 4,527 5.5 437 4,964
I 1977 46.3 6,414 16.4 1,314 7,728
1976 17.9 2,480 49.1 3,959 6,439
1975 3.2 440 27.2 2,195 2,635
. 1974 0 0 1.8 146 146
I April 1979 4.1 248 3.4 167 . 415
e e .1978 ... . .26.0 . 1,577 .9 - 333 o ... 1,910
l 1977 39.7 2,414 26.7 997 3,411
1976 24.7 1,493 28.9 1,082 2,575
I 1975 1 250 26.7 997 ‘ 1,247
1974 1.4 83 .2 83 166
l 1973 0 0 .2 83 83
' May ©© 1977 66.7 - 881 0 R . 881
I 1976 33.3 - - 360 0 - o 360
I 1975 o - 0 100 439 . - 439
Total 22,409 13,278 ... 35,687
l B5



Table 4. Contribution of each year class to the American shad harvest from the
Albemarle Sound area, North Carolina, commercial fishery, by sex, by
month, 1983.

Males Female
Year Number of Number of Total number
Month class Percent individuals Percent individuals of individuals
February 1979 20.0 696 5.0 174 870
1978 55.0 1,912 6.1 174 2,086
1977 20.0 695 41.9 1,042 1,737
1976 5.0 174 47.0 1,043 1,217
March 1980 1.1 193 0 0 193
1979 19.1 3,466 5.6 579 4,045
1978 52.2 9,433 28.3 2,900 12,333
1977 22.3 4,050 30.2 3,003 7,143
1976 3.2 578 26.4 2,703 3,281
1975 2.1 387 .5 773 1,160
1974 0 0 .0 193 183
CAeril 91932 296 34 206 59
1978  50.7 4,897  32.8 2,821 7,718
1977 41.8 3,713 43.1 3,705 7,418
1976 5.1 433 20.7 1,774 . 2,217
May 1979 8.3 131 0 0 131
‘ 1978 45.8 719 33.4 654 1,373
1977 29.2 460 50.0 932 1,442
1976 16.7 262 13.3 262 524
1975 0 0 3.3 65 - 65
Total : 32,505 23,233 55,738
- Bb
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Table 5. Contribution of each year class to the American shad harvest from the
Albemarle Sound area, North Carolina, commercial fishery, by sex, by

month, 1984.

Male Female
Year Number of Number of Total number

Month class Percent individuals Percent individuals of individuals
February 1980 "15.0 505 0 0 505
1979 45.0 1,519 0 0 1,519
1978 25.0 845 33.3 169 1,014
1977 15.0 506 33.3 169 675
1976 0 0 33.3 169 169
March 1980 5.6 622 0 0 622
1879 48.3 5,386 8.8 750 6,136
1978 33.7 3,743 17.6 1,502 5,245
1977 9.0 997 29.5 2,499 3,496
1976 3.4 375 32.3 2,742 3,117
1975 0 0 11.8 1,002 1,002
TRy o r1e80 0 206 w342 0 - 0-- 352
' 1979 37.2 4,953 13.4 2,224 7,177
1978 25.6 3,821 27.8 4,620 8,041
- 1977 20.5 2,745 30.9 5,118 7,863
P 1976 14.1 1,877 18.6 3,072 4,949
1975 0 0 9.3 1,541 1,541
May 1980 16.7 264 0 0 264
1979 33.3 529 7.1 264 793
1978 16.7 264 28.6 1,056 1,320
1977 33.3 529 50.0 1,850 2,379
1976 0 0 14.3 529 529
Total 29,422 29,276 58,698
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Table 6. Contribution of each year class to the American shad harvest from the
Albemarle Sound area, North Carolina, commercial fishery, by sex, by
month, 1985.
Male Female Total
Year Number of Number of number of
Month class Percent individuals Percent individuals individuals
February 1980 33.3 531 33.3 88 619
1979 61.1 972 66.7 177 1,149
1978 5.6 88 - 0 88
March 1982 1.8 162 - 0 162
1981 14.0 1,297 1.3 162 1,459
1980 47 .4 4,382 30.4 3,872 8,254
1979 24.5 2,265 45 .5 5,818 8,083
1978 10.5 972 21.5 2,744 3,716
1977 1.8 162 1.3 162 324
April 1981 17.4 1,284 - 0 1,284
1980 47.8 3,522 12.2 798 4,320
B 3* 712 B - s R ns - 12 ARt ST - X T S 3,505 - - 5,104 - - -
1978 8.7 640 31.7 2,074 2,714
1977 4.3 319 2.4 160 479
Total 18,195 19,560 37,755
B8
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Table 7. Contribution of each year class to the American shad harvest from the
Albemarle Sound area, North Carolina, commercial fishery, by sex, by

month, 1986.

Male Female
Year Number of Number 6f Total number

Month class Percent individuals Percent individuals of individuals
February 1981 36.8 1,048 11.2 149 1,197
1980 36.8 1,043 22.2 298 1,341
1979 21.1 596 22.2 299 895
1978 5.3 149 44 .4 596 745
March 1982 14.8 2,134 - 0 2,134
1981 47.5 6,877 17.2 1,179 8,056
1980 21.3 3,066 31.1 2,130 5,196
1979 14.8 2,134 34.5 2,359 4,493
1978 1.6 236 17.2 1,180 1,416
Aprii 1982 14.3 614 - 0 614
SR -~1981 - - 71.4 -3,068 - Q- 3,068
- 1980 14.3 614 - 0 6014
1979 - 0 66.7 1,230 1,230
1978 - 0 333 614 614
May 1982 26.3 672 16.6 134 806
1981 52.6 1,348 - 0 1,348
1980 21.1 538 - : 0 538
1979 - 0 50.0 402 402
1978 - 0 16.7 134 134
L ‘_}227 - - 0 16.7 134 134
Total 24,137 10,838 34,975
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Table 8. Contribution of each year class to the American shad harvest from the '
Albemarle Sound area, North Carolina, commercial fishery, by sex, by
month, 1987.

Male Female
Year Number of Number of Total number
Month class Percent individuals Percent individuals of individuals
February 1983 31.3 313 - 0 313
1982 31.3 313 18.2 249 562 l
1081 31.3 312 50.0 688 1,000
1980 6.1 62 9.1 124 186 '
1979 - 0 22.7 312 312 _
March 1983 37.8 3,689 - 0 3,689 l
1982 33.3 3,278 13.2 1,091 4,369
1981 17.8 1,740 34.7 3,713 5,453 l
1980 11.1 1,093 26.3 2,183 3,276
1979 - 0 13.2 1,001 1,091 .
1978 - 0 2.6 218 218
~Aprit- - - ---1983 -~ -—22.8 .~ 2,261 - -+--4.2 - - - 283 .- 2,548
1982 44.3 4,395 20.8 1,418 5,813 I
1981 20.0 1,992 33.3 2,279 4,271
1980 8.6 850 37.5 2,564 3,414 l
1979 4.3 425 4.2 284 709
May 1983 33.4 1,407 - 0 1,407 l
. 1982 33.3 © 1,399 33.3 1,407 2,806
1981 L - 0 "50.0 2,110 2,110 l
-1980 - 33.3 1,407 "16.7 2727703 2,110
Total 24,936 20,717 45,653 I
B10 l



Table 9. Age, spawning frequency, size and age composition of American shad from Albemarle Sound area,

commercial fishery, 1972 (M = male, F = female).

Number of times spawned

Age 0 1 2 3 [ Total
Sex M £ M F M F M 3 M F M
(] 8 0 B 0
v 43 13 3 1 46 14
v 81 57 46 22 4 7 131 86
vi 18 63 15 16 9 17 2 3 L1 99
Vil 1 6 3 3 2 4 2 7 1 0 9 20
Vit 0 1 0 1 1 0 1 2
X 0 1 0 1
Total 151 140 67 42 15 30 4 10 2 239 222
Percent
by sex 63.2 63.1 28.0 18.9 6.3 13. 1.7 4.5 0.8
Percent
sexes - 63.1 23.6 9.8 3.1 0.4
combined
i Percent - - Mean - N
Total of tength Length range Mean weight Weight range
number sample mm mm {kq) (kq)
Age M F M F M F M F M F M F
Ry 8 0 3.4 - 361 - 340-389 - 0.66 - 0.50-0.99 -
(' 46 14 19.2 6.3 408 446 342-487 375-487 1.10 1.65 0.50-1.80 0.86-~2.15
v 131 86 54,8 38.7 420 471 358-448 405-520 1.43 2.00 0.71-2.35 1.06-2.70
vi 44 99 18.4 .6 449 495  400-492 #35-536 1.59 2.32  1.11-2.04 1.45-3.35
Vil 9 20 3.8 9.0 459 504  436-4B4% 481-560 1.60 2.44% 1.10-2.17 1.471-3.40
vite 1 7 o 0.9 476 509 476 491-527 1.95 2.69  1.95 2.66-2.73
1% o 1 - 0.5 - 57 - 571 - 2.42 - 2.42
Total 239 222
Bl1



Table 10. Age, spawning frequency, size and age composition of American shad

from Albemarle Sound area, commercial fishery, 1973 (M = male, F =
female).

Number of times spawned

0 1 2 3 ] Total
Age M F M F M F M F M F M F
111 32 0 32 0
1V 178 38 17 0 195 38
v 57 112 28 8 3 0 88 120
Vi 16 111 2 21 3 4 1 0 22 136
Vil 1 1 0 2 0 1 5 3 1 0 7 7
VIII 0 1 i 2 0 2 1
Total 284 263 47 31 6 5 6 3 3 346 302
Percent
by sex 82.1 87.1 13.6 10.3 1.7 1.7 1.7 0.9 0.9
Percent
sexes 84.4 12.0 1.7 1.4 0.5
combined
Total Percent of Mean fork
number sample length{mm) Length range({mm)
Age M F M F M F M F
I11 32 0 9.2 - 365 - 339-390 -
1V 195 38 56.4 _12.6 402 421 315-374 361-480
v 88 120 25.4  39.8 432 474 388-500  373-540
VI 22 136 6.4 45.0 467 504 425-516 437-551
Vil - 7 7\- 2.0 2.3 469 522 448-486 1449-558
VI1I 2 1 0.6 0.3 452 510 444-460 510
Total 346 302 - -
B12



1

Table 11. Age, spawning frequency, size and age composition of American shad from
Albemarle Sound area, commercial fishery, 1974 (M = male, F = female).

Number of times spawned

0 1 2 3 4 Total

Age M F M F M F M F M F M F

111 18 18 0

iv 142 49 3 0 145 49

Vv 28 83 6 3 0 1 34 87

Vi 0 9 0 3 0 0 0 12

VII 1 0 1 1 2 1

Total 189 141 9 6 1 2 199 149
Percent

by sex 95.0 94.6 4.5 4.1 0.% 1.3

Percent
sexes 94.8 4.3 0.9
combined
Total Percent of Mean fork ]
number sample : Tength{mm) Length range{mm)
Age M F M F M F M F
111 18 0 8.0 - ... 365 - 342-426 -
1v 145 49 72.9 32.9 - 397 436 340-448 391-475
v 34 87 17.1 58.4 423 473 375-462 415-535
Vi 0 12 - 8.0 L - 502 - 468-545
Vil 2 1 1.0 0.7 555 556 » 555 556

B13



Table 12. Age, spawning frequency, size and age composition of American shad from

Albemarle Sound area, commercial fishery, 1975 (M = male, F = female).

Number of times spawned

0 1 2 3 4 Total
Age M F M F M F M F M F M F
11 1 0 1 0
111 0 0 0 0
v 67 20 3 1 70 21
v 42 61 33 20 1 0 76 81
Vi 5 19 10 9 0 5 15 33
VII 0 0 0 1 2 2 0 1 2 4
VIII 1 0 0 1 1 1
Total 116 100 46 31 3 8 0 1 165 140
Percent
by sex 70.3 71.4 27.9 22.1 1.8 5.8 - 0.7
Percent
sexes 70.8 25.3 3.6 0.3
combined
Total Percent of Mean fork
number sample length(mm) Length range(mm)
Age M F M F M . F M F
11 1 0 0.6 375 - - 315
111 0 0 - - - - - -
v 70 21 . 42.4 15.0 408 447 345-497 3589-490
v 76 81 46.1 57.9 429 479 345-520 405-546
VI 15 33 9.1 23.6 456 497 380-521 420-546
VIiI - 2 4 1.2 2.8 467 500 450-485 440-530
VIII 1 1 0.6 0.7 469 455 469 455
Total 165 130
B14



Table 13. Age, spawning frequency, size and age composition of American shad from
Albemarle Sound area, commercial fishery, 1976 (M = male, F = female).

Number of times spawned

0 1 2 3 4 Total

Age M F M F M F M F M F M F
1V 100 17 3 0 103 17

v 107 134 51 21 2 0 160 155

VI 8 11 12 16 16 28 36 55
VII 0 1 0 0 0 1 2 1 2 3
VIII 0 1 0 1
Total 215 163 66 38 18 29 2 1 301 231

Percent B ”
by sex 71.4 70.6 21.9 16.4 6.0 12.6 0.7 0.4

Percent
sexes 71.0 18.5 8.8 0.7
combined
Total Percent of Mean fork
number sample length(mm) Length range{mm)
Age M F M F M F M F
v~ 103 17 34.2 7.4 389 417 338-490 375-460
v 160 155 53.1 57.1 420 463 350-518 370-522
Vi 36 55 12.0 23.8 445 479 388-518 422-561
Vil .2 3 0.7 1.3 463 497 432-495 447-560
ViIil 0 1 - 0.4 - 511 - 511

<= . TJotal. --301 . _231.
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Table 14. Age, spawning frequency, size and age composition of American shad from

Albemarle Sound area, commercial fishery, 1977

(M = male, F = female).

Number of times spawned

0 1 2 3 [} Total
Age M F M F M F M F M F
IV 53 2 53 2
Vv 140 89 10 5 150 94
VI 19 66 8 5 27 71
VII 0 1 0 2 0 1 0 q
Total 212 158 18 12 0 1 230 111
Percent
by sex 92.2 92.4 7.8 7.0 0 0.6
Percent
sexes 92.3 7.5 0.2
combined
Total ~ Percent of Mean fork
number sample length(mm) Length range{mm)
Age M F F M F M F
v 53 2 . .23.0 1.2 381 422 290-886  384-460
v 150 94 65.2 55.0 411 456 256-470 - 375-510
Vi 27 71 11.8 41.5 429 481 387-463 430-526
Vil 0 4 - 2.3 - 492 - 460-511
Total 230 171
B16



Table 15. Age, spawning frequency, size and age composition of American shad from
Albemarle Sound area, commercial fishery, 1978 (M = male, F = female).

Number of times spawned

0 1 2 3 4 Total
Age M F M F M F M F M F M F
111 3 0 3 0
1V 53 9 1 0 54 9
v 180 109 8 1 188 110
VI 30 71 9 7 39 78
V11 0 5 0 3 1 0 1 8
- Total 266 194 18 11 1 0 285 205
Percent
by sex 93.3 94.6 6.3 5.4 0.4 O
Percent
saxes 93.9 5.9 0.2
combined
Total Percent of Mean fork
number sample length(mm) Length range{mm)
Age M F M F M F M F
111 3 0 1.1 - 370 - 354-415 -
IV 54 9 18.9 4.4 402 433 300-495 380-471
Y 188 110 66.0 53.7 420 459 358-496 402-530
V1 39 78 13.7 38.0 437 476 393-490 415-526
Vil 1 8 0.3 3.9 480 496 480 444-532
Total 285 205

B17



Table 16. Age, spawning frequency, size and age composition of American shad from

Albemarle Sound area, commercial fishery, 1979

(M = male, F = female).

Number of times spawned

0 1 2 3 4 Total
Age M F M F M F M F M M F
IV 8 0 8 0
'} 79 6 9 0 88 6
VI 93 61 25 3 2 0 120 64
VII 56 90 6 6 2 0 1 0 65 96
VIII 13 29 1 6 14 35
IX 3 5 3 5
X 0 1 0 1
Total 252 192 41 15 4 0 1 0 298 207
Percent
by sex 84.6 92.8 13.8 7.2 1.3 - 0.3 -
Percent
sexes 87.9 11.1 0.8 0.2
combined
Totél Percenfwof Mean fork
number sample 1ength{mm) Length range{mm)
Age M F M F M F M F
v 8 0 2.7 0 - 402 - 343-445 -
v 88 6 29.5 2.9 408 462 345-490 279-506
VI 120 64 40.3 30.9 414 477 336-510 380-515
VII 65 96 21.8 46.4 424 468 387-497 405-530
VIII 14 35 4.7 16.9 431 480 393-455 455-513
IX 3 5 1.0 2.4 442 467 414-470 457-483
0.5 - 483 - 483

X 0 1 -

|

- Total—"~ 298 ~ 207
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Table 17. Age, spawning frequency, size and age composition of American shad from
Albemarie Sound area, commercial fishery, 1980 (M = male, F = female).

Number of times spawned

2 3 Total
Age M F M F M F F M F
1v 35 0 35 0
v 77 11 47 2 124 13
Vi 8 22 31 14 28 2 67 38
VIl 0 2 5 6 43 40 2 57 50
VIil 1 11 18 14 29
IX 5 0 6
Total 120 35 83 22 72 53 25 297 135
Percent
by sex 40.4 25. 28. 16, 24.2 39.0 7.4 18.
Percent
sexes 35.8 239.0 10.8
combined
Total Percent of Mean fork
number sample length{mm) Length range(mm)
Age F M F M F
1v 35 11.8 - 392 - -
v 124 41.8 9.6 410 453 354-492
V1 67 22.5 27.9 426 472 407-519
VIl 57 19.2 36.8 432 480 445-521
Vill 14 4.7 21.3 446 482 454-512
X _ 4.4 - 495 ~ 462-510
_Total 297 _ 136 _ _
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Table 18. Age, spawning frequency, size and age composition of American shad from Albemarle Sound area,
commercial fishery, 1981 (M = male, F = female).

Number of times spawned

-

0 1 2 3 4 Total
Age M F M F M F M F M F M
v 4 0 4 0.
v 103 6 20 4 123 10
vl 60 8 kil i4 70 6 166 28
Vi 2 3 8 2 54 42 20 6 B4 53
ZRE 2 18 32 56 2 22 36 96
11X 0 13 0 28 0 41
Total 169 17 64 20 126 66 52 75 2 50 413 228.
Percent
by sex 40.9 7.5 15.5 8.8 30.5 78. 12.6 32.9 0.5 21.9
Percent l
sexes 29.0 13.1 30.0 19.8 8.1
combined A l
Mean
fork Mean
Total Percent of length Length weight
number sample {mm) range (mm) _{kq) Weight range {kg)
Age M F M £ M [3 M F M E M F
v 4 0 1.0 - 399 - 350~-422 - 0.97 - 0.86-1.09 -
v 123 10 29.8 4.4 413 466  353-472 415-505 1,03 1.49 0.66-1.48 .99-1.90
Vi 166 . 28 40.2 12.3 524 488 381-482 426-548 1.18 2.03 0.66-1.88 1.60-2.75
Vil 84 43 20.3 23.2 427 485 393-454 445-532 1.2 2.03 0.90-1.54 1.59-2.76
Vit 36 96 8.7 2.1 454 491 423-504 445-521 1.61 2.23 1.21-2.52 1.65-2.67
X 0 41 - 18.0 - 506 - 480-558 - 2.42 - 1.84-2.98
Total 413 228
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Table 19. Age, spawning frequency, size and age composition of American shad from Albemarle

commercial fishery, 1982 (M = male, F = female).

Sound area,

imes spawned

Number of t

0 1 2 4 Total
Age M F M F M F M F M F M 3
iv 97 6 97 6
v 56 1" 110 34 166 45
\'2 0 6 28 26 Sh 53 82 8s
Vi 8 39 7 27 15 66
Vil ) 0 [ 2 4 2 10
X 0 2 0 2
Total 153 23 138 60 62 92 7 33 2 6 362 214
Percent
by sex 42.3 10.7 38.1 28.0 171 43.1 1.9 15.4 0. 2.8
Percent
sexes 30.6 .3 26.7 .0 1.4
combined
Mean
fork Mean
Total Percent of length weight
number sample mm Length range {(mm (kg) Weight range (kgq)
Age M F M F M M £ M F M F
v 97 6 26.8 2.8 402 426 330~448 345-484 1.03 1.38 0.46-1.47 0.69~1.90
A 166 45 45.9 21.0 417 450 320-460 332-527 1.16 1.61 0.52-1.73 0.59-~2.58
Vi 8z 85 22.7 39.7 442 472 400-489 372-527 1.38 1.96 0.52-2.12 0.62~2.82
Vi 15- 66 4.1 30.8 453 475  428-487 353-535 1.44% 2.01 0.61-2.81 0.68-2.8
Vit 2 10 0.5 4.7 396 477 347-445 397-525 -.46 2.04 0.32-0.61 1.02-2.51
1X 0 2 0 1.0 - 500 - S00 - 2.50 - 2.50
Total 362 214 i
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Table 20. Age, spawning frequency, size and age composition of American shad from Albemarle Sound area, '
commercial fishery, 1983 (M = male, F = female).
Number of times spawned I
0 2 3 4 Total
Age M F M F M F M F M F M F
11 1 0 1 0 l
1V 34 6 34 6
v 127 58 76 20 203 78
Vi 11 32 78 77 20 5 109 114
Vil 2 32 15 33 1 2 18 67
Vit 2 7 2 7
X 0 1 0 1 I
Total 173 96 156 129 35 38 3 9 0 1 367 273
Percent
by sex 47.1 35.2 42.5 47.2 9.6 13.9 0.8 3.3 0 0.4
Percent
sexes 42.0 44 .5 11.4% 1.9 0.2
combined _ I
TJotal Percent of Mean fork Mean
number sample - length{mm) Lenqth range(mm) weight(kq) Weight range(kq) I
Age M F M F M F M F M F M F
111 1 0 0.3 ~ 383 - 383 - 0.84 - 0.84% -
1 34 6 9.3 2.2 396 432 334-457  400-471 1.01 1.49 0.62-1.55 1.10-2.00 I
v 203 78 55.3 28.6 425 460  345-487 328-518 1.28 1.90 0.51-2.06 0.90-2.88 I
vi 109 114 29.7 41.7 442 480 396-548  400-531 1.51 2.08 0.84-2.76 1.09-2.7
Vit 18 6.7 4.9 2%.5 - 461 435 417-5“}- 460-551 1.63 2.27 1.30-2.14 1.47-2.80 I
ANE! 2 7 0.5 2.6 530 524 508-553 505-555 2.42 2.73 2.35-2,52 2.30-3.15
IX 0 1 - 0.4 - 556 - 556 - 3.16 - 3.16 l
Total 367 273 I
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Table 21. Age, spawning frequency, size and age composition of American shad from Albemarle Sound area,

commercial fishery, 1984 (M = male, F = female).

Number of times spawned

0 ! 2 3 4 Total
Age M F M £ M F M F M F M F
v 23 0 23 0
v 97 21 68 6 165 27
Vi 15 50 72 28 16 3 103 83
\2L 0 1 6 33 47 68 2 55 102
X 10 35 10 35 20 7
X 0 1 0 26 0 3 Y 30
Total 135 72 146 67 73 107 12 61 0 3 366 310
Percent
by sex 36.9 23.2 39.9 21. 19.9 34.5 3.3 19.7 0 1.0
Percent
sexes 30.6 31.5 26.6 10.9 0.4
combined
Total Percent of Mean fork
number sample length{mm)} _length range{mm) Mean weight(kq} Weight range{kg)
Age M F M F M F M F M F M F
v 23 0 6.3 - 408 - 350-482 - 1.18 - 0.60-1.96 -
v 165 27 45.1 8.7 4.9 a7y 332-491 408-528 1.26 2.02 0.60-2.13 1.08-2.9C
Vi 103 81 28.1 26.1 436 489 316-505 415-548 1.45 2.07 0.70-2.40 1.14-2.95
Vil 55 102 15.0 32.9 443 492  380-498 426-550 1.52 2.22 0.95-2.21 1.07-3.00
Vit 20 70 5.5 22.6 474 506  441-501 426-555 1.98 2.40  1.54-3.01 1.18-3.2%
IX 0 30 - 9.7 - $17 - 485-545 - 2.68 - 2.11-3.23
Total 366 310
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Table 22. Age, spawning frequency, size and age composition of American shad from Albemarle Sound area, '
N.C. commercial fishery, 1985. (M = male, F = female).
Number of times spawned I
Age 0 1 2 3 Tota)
Sex M F M F M F M f M F
it 2 0 2 0 I
v 44 1 4y ]
v 65 41 42 7 107 48
vi 9 48 47 53 6 1 62 102 .
Vil 0 4 4 24 13 27 17 55
Vitt 1 3 3 1 4 4
Total 120 94 93 84 20 3N 3 1 236 210 I
Percent
by sex 50.8 44.8 39.4 40.0 8.5 14.8 1.3 0.4 l
Percent
sexes 48.0 39.7 11.4 0.9
combined . '
Mean l
fork Length Mean Weight
Total Percent of length range weight range
number sample {mm) (mm) (kq) (kqg) I
Age M F M F M F M F M F M F
til 2 0 0.9 - 367 - 1 356-378 0.79 0.73-0.86
tv 44 1 18.6 0.5 400 - 350-457 424 1.10 - 0.51-2.25 1.29 .
v 107 48 45.3 22.8 423 47% 363-498 398-5%1 1.25 2.01 0.53-2.15 0.83-2.99
Vi 62 102 26.3 48.6 438 486 382-493 416-574 1.44 2.16 0.66-2.04 1.17-3.28
Vil 17 55 7.2 26.2 447 509 413-481 453-560 1.46 2.47 1.10-2.00 1.49-3.58
LARR! 4 4 1.7 1.9 473 517 464488 512-525 1.81 2.54 1.78-1.84 2.31-2.9N

Total 236 210
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Table 23. Age, spawning frequency size and age composition of American shad from Albemarle Sound
area, N.C. commercial fishery, 1986. [M = male, F = female).

Number of times spawned

Age 0 1 3 Total
Sex M F H F M £ H F M F

v 17 17 1

v 47 7 34 1 81 8

Vi 6 5 28 9 2 0 36 I
Vi 4 9 18 " 22 20
Vil 2 0 8 2 3 2 13

1X 0 1
Total 70 13 66 21 20 19 2 4 158 57
Percent
by sex 44.3 22.9 41.8 36.8 12.7 33.3 1.2 7.0
Percent 38.6 40.5 18.1 2.8
sexes :
combined

Mean
fork
Total Percent of length Mean
number sample (mm) Length range(mm} _weight(kq) Weight ranqe(kq)
Age M F M F M F M F M F M F
v 17 1 10.8 1.7 404 - 331-470 415 1.4 - 0.54-1.81 0.82
v 81 8 51.3 14.1 429 486  326-492 409-545 1.36 2.17 0.61-2.18 1.10-3.17
vi 36 14 22.8 24.6 438 501 390-494  425-547 1.40 2.37 0.92-2.15 1.28-3.07
Vit 22 20 13.9 35.1 443 488  4710-487 385-545 1.47 2.29 1.07-1.96 1.55-3.28
Vil 2 13 1.2 22.8 498 512 400-590 480-558 2.19 2.62 1.52-3.10 2.28-3.15
1X 0 1 - 1.7 - - - 514 - - - 2.06
Total 158 57
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Table 24. Age, spawning frequency size and age composition of American shad from Albemarle Sound

e me =B ma

area, N.C. commercial fishery, 1987. (M = male, F = female).
Number of times spawned
Age 0 1 2 3 Total
Sex M F M F M F M F M 3
v 76 2 76 2
v 53 22 51 10 104 32
Vi 9 37 39 36 4 4 52 77
Vi 0 4 5 27 20 19 25 50 l
Vil 0 1 2 14 1 3 17
X 0 1 0 1
Total 138 65 95 74 26 37 1 3 260 179 I
Percent  53.1 36.3 36.5 41.3 10.0 20.7 0.4 1.7
by sex '
Percent 46.2 38.5 4.4 0.9
sexes
combined . I
Mean
fork

Total Percent of length Mean l

number. sample mm Length range(mm) weight{ka) Weight range(kq)
Age M M F M F M F M F M F
v 76 2 29.2 1.1 374 398 315-418 396-400 0.83 1.01 0.54~-1.22 1.00-1.03
v 104 32 40.0 17.9 398 451 360-461 375-492 0.98 1.62 0.62-1.61 0.78-2.22
Vi 52 77 20.0 43.0 427 483 390-470 414-521 1.27 1.99 0.91-1.74% 1.22-2.57
Vil 25 50 9.6 27.9 447 477  427-476  450-540 2.00 1.3% 0.96-1.68 1.70-2.88
Vi 3 17 1.2 9.5 474 458  444-505  468-534% 2.34 1.78 1.34-2.22 1.98-2.83
X 0 1 - 0.6 - - - 467 - - - 1.86
Total 260 179
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