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Preface

This is a joint presentation by the North Carolina
Department of Natural Resources and Community Development,
Division of Marine Fisheries (DMF) and the Virginia Institute
of Marine Science (VIMS), Department of Ichthvology. It is
for the period October 1, 1976 to September 30, 1977, and is
the first of three annual reports for the P. L. 89~304 project
"Biology and Management of Mid-Atlantic Anadromous Fishes
Under Extended Jurisdiction.”

The following jobs were contracted for by DMF and/or

VIMS.

Joh 1: Catch-Effort Statistics - Inshore Alosine Fishery

Objectives

1. Estimate catch-effort statistics of alosine spawning
stocks.

2. Detect changes in the stocks and changes in the
intensity and success of the river fishery.

3. Initiate a catch-effort river herring program for
the North Carolina pound net fishery.

Agencies: DMF and VIMB

Job 2: Population Dynamics of Adults - Inshore Alosine Fishery

Objective

Determine mortality rates, age specific sizes, sex ratios,
and ratiocs of abundance of alosine fishes from commercial
fishery samples.

Agencies: DMF and VIMS



Job 3

viii

Annual Index of Alosine Juvenlile Abundance

Objective

Determine an index of abundance for each species of
juvenile Alosa in Virginia and North Caroclina.

Agencies:

DMF and VIMS

Job 4: Assessment of the Alosine Winter and Barly Spring

Fishery by Drift Net and Sport Fishermen - Pilot

Program
Objectives

1. Measure fishing effort and catch of adult Alosa
spp. by drift gill-netters and sport fishermen.

2. DBstimate basic statistics (species composition, sex
ratio, age composition, etc.) of the early spawning
runs of aleosine fishes.

Agency: VIMS
Job 5: The Ccean Phase of Anadromous Fishes - Pilot Program
Chiectives

1. Determine by inspection the species composition of
the river herring catch by the foreign offshore
fishery in divisions 6B and 6C of ICNAF statistical
area 6.

2. Investigate by sampling: (a) the occurrence of

Agencies:

anadromous fishes in the Atlantic Ocean from Cape
Lookout, North Carolina to Little Machipongo Inlet,
Virginia; (b) determine certain hiological charac-
teristics of the offshore stocks of anadromous fishes
(species, sex, vear-class composition, length, and
waight); (¢} investigate the offshore distribution

of anadromous fighes in relation to temperature; and
{d) sample among foreign vessels to investigate the
species composition susceptible to the foreign fishery.

DMF and VIMS



ix

Job 6: Kepone Concentrations in Anadromous Alogine Fishes and
its Possible Function as a Chemical Taqg

Objectives

1. Collect adult alosine fishes returning to spawn in
the major rivers of Virginia for Kepone analysis.

2. Collect young-of-the-year alosine fishes in the James
River for Kepone analysgis.

Agency: VIMS

Job 7: Sturgeon - A General Pilot Study

Objectives

1. Determine fishing effort and catch of the Atlantic
sturgeon in Virginia.

2. Determine age structure and sex ratio of the catch,
fecundity, and time of gpawning in Virginia.

3. Determine distribution and migration of sturgeon
offshore Virginia and North Carolina.

4, Determine if shortnose sturgeon still exist inshore
in Neorth Carolina and Virginia.

Agencies: DMF and VIMS

Job 8: Anadromous Fish Tadgging

Objective

To determine migration and utilization and to make a
population estimate of river herring in Scupperncng River
system.

Agency: DMF

Job 9: Spawning Area Survey

Objective

To determine time and areas of spawning by anadromous
fishes.

Agency: DME



Job 10: Development of Management Alternatives
Objective

To develop, on a continuing basis, alternative management
schemes to restore the anadromous fisheries and maintain them

at the optimum level.

Agencies: DMF and VIMS

The North Carolina contributors were ag follows: Jobs 1,
2, 3, 7, 8, and 9 by Harrel B. Johnson; Job 5 by Benjami%é F.
Holland, Jr. and Scott G. Keefe; and Job 10 by Michael W.
Street. The Virginia contributors were: Jobs 1 and 4 by
wWwilliam H. Kriete, Jr.; and Jobé 2, 3, 6, and 10 by Joseph G.
Loesch. |

VIMS did not execute their segment of Job 5. Enactment
of the 200 mile limit greatly increased the duties of NMFS,
Division of Law Enforcement, and the two agencies were unable
to coordinate their activities. VIMS alsc did not fully
participate in Job 7 because the NMFS permit to investigate
the endangered shortnose sturgeon was not received until mid-
August, 1877.

The time and effort not expended in Jobs 5 and 7 were
redirected to additional Kepone sampling (Job 6) and to a study

of the diel migration of juvenile alosines (Job 3}.
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Job 1. Catch~Effort Statistics, Inshore Alosine Fishery

SUMMARY

North Carclina

1. The total catch of river herring for the vound net
fishery in the Albemarle Sound area was 3,644,836 kg
(8,035,488 1b.).

2. A peak catch occurred during week 15 when a total of
1,380,599 kg (3,043,699 1b.) of river herring was
landed.

3. The total number of pound nets fished during week 15
was 624. The catch-per-unit-of~effort (¢/f)} for week

15 was 2,12.5 kg {4,877.7 1b.} of river herring.

Virginia

1. The 1977 fishing season was delayed several weeks
because of ice conditions in the Chesapeake Bay and its
tributaries.

2. Pound net effort decreased relative to 1976 while gill
‘net effort increased.

3. The American shad and river herring ¢/f by pound nets
increased in the Rappahannock River compared to 1976,
but decreased in the Potomac River. '

4. Gill net c¢/f for American shad decreased in the James
and Potomac rivers 73% and 32%, respectively, compared
to 1976, while increasing 117% and 30% in the York and

Rappahannock rivers, respectively.



Stake gill nets in the James River caught an estimated
0.2 million kg (0.4 million 1b.), a decrease of 0.4
million kg (0.9 million 1b.) compared to 1976.

Pound nets in the York River landed an estimated 12,100
kg (26,676 1lb.) of American shad and 98,300 kg

(216,714 1b.)} of river herring in 1977 and stake gill
nets landed an estimated 141,100kg (311,072 1b.) of

American shad.

Pound nets in the Raprahannock River landed an estimated
4,200 kg (9,259 1bh.) of American shad and 293,900 kg
(647,939 1b.) of river herring in 1977. Stake gill nets
vielded an estimated 24,400 kg (53,793 1b.) of American
ghad.

Pound nets in the Potomac River landed an estimated
5,200 kg (13,669 1b.) of American shad in 1977 and 0.2
million kg (0.4 million 1b.) of river herring in 1977.
G111l nets landed an estimated 32,400 kg (71,430 1lb.) of

American shad.



Job 1. Catch-Effort Statistics, Inshore Alcosine FPishery

INTRODUCTION

Estimates of total landings by gear type are obtained
from the product of catch-per-unit-of-effort (c/f) and the
total units of gear fished.

A unit of effort (gear) can be expressed as whole units,
such as pound nets or haul seine, or as a part of the whole
unit swuch as catch per linear ft of gill net. Recently,
Crochet et al. (1976), Friedersdoff (1976), Klauda et al.
(1976), and Jones et al. (1976) expressed c¢/f as catch per
million £t of net per hr, catch per 1000 ft of net per hr,
catch per million vards of net per hr and catch per ft of
net per hr, respectively.

The ¢/f and the estimated landings can also be used as
a relative indicator {(index) of stock abundance by a simple

comparison with such estimates in prior vears.

MATERIALS AND METHODS

North Carolina

In North Carolina weekly pound net landings were obtained
from cooperating dealers. The number of pound nets fished each
week was obtained bi-weekly. The «/f (kg/pound net week)} was
caloulated by dividing the total number of kilograms landed by

the total weekly number of active pound nets (Table 1.1}.

Virginia
The 1977 catch estimates of adult alosines were computed

by the method of Hoagman and Kriete (1975). Pound net catch



estimates were determined by multiplying the c¢/f (kg per net)
of the index nets by the number of actively fishing nets (by
net size} in each section of the river. Index nets are those
for which daily records were kept by cooperating fishermen.

Stake gill net catch estimates were determined by
multiplying the c/f of index nets by meters of stake gill
netting in five mile (nautical) sections of the river.

Effort was determined by semi-monthly aerial counts of
active pound nets (Table 1.2 and Fig. 1.1} and a count of
stake gill nets during the peak of the American shad fishing

season (Table 1.3).

RESULTS AND DISCUSSION

North Carclina

Pound net catch-effort statistics for the Albemarle
Sound river herring fishery are presented in Table 1.1 for
each week sampled. Weeks were serially numbered beginning
with the first full week in January. No significant catches

of river herring were made prior to week 9 or after week 17.

Virginia

The 1977 fishing season for adult alosine fishes was
delayed several weeks because of ice conditions in the
Chesapeake Bay and its tributaries. Virtually all of the
pound net and gill net stands théat remained at the end of 1976
were destroyed by the severe ice conditions in January 1977,

Few fish were landed until the second half of March because



low water temperatures persisted through late February and
delayed the spawning runsg.

Prices for American shad remained high during most of the
shad fishing season: however, the season was terminated pre-
maturely by rapidly rising water temperatures. By mid-April
American shad retained in gill nets more.than 12 hr softened
and some buyers rejected such catches for shipment to markets.

Pound net effort decreased in 1977 relative to 1976
effort., The reduction in total effort is believed to be
directly related to the severe ice conditions. However, pound
net effort did increase in the Potomac River.

Effort by gill netters increased in the James River but
declined in the York and Rappahannock rivers. Overall effort
by gill netters increased 15% relative to 1§76.

Pound net ¢/f for American shad increased 70% in the
Rappahannock River compared to 1976 (Loesch and Kriete, 1976},
while the o/f in the Potomac River decreased 50%. River
herring o/f of pound nets reflected an increase of 66% in the
Rappahannock River and a 72% decrease in the Potomac River.
While the ¢/f of 98 kg (216 1b.) and 4,817 kg (10,621 1b.) for
American shad and river herring, respectively, on the
Rappahannock River are increases over 1976, they represent
only 3% of the American shad ¢/f and 7% of the river herring
c/f by pound nets in the late 19%60'g for that river.

%ill net ¢/f for American shad decreased in the James and

Potomac rivers 73% and 32%, respectively, compared to 1976.



The York and Rappahannock rivers showed an increase of 117%

and 30%, respectively.

James River

No pound net records were obtained from the James River.
Stake gill nets in the James River caught an estimated 0.2
million kg (0.4 million 1b.) of American shad during March and
April of 1977. This represents a decrease of 0.4 million kg
(0.9 million 1b.) compared to 1976 (Loesch and Kriete, 1976),
although there was a marked increase in effort. However, the
decrease in landings was attributed to large amounts of
floating eel grass or algae that fouled the nets within a few
hours after being set. Fishermen felt the fish were in the
river, but the fouling prevented large catches.

The c/f by gill nets declined 72% for female American
shad from 25.15 kg/m {16.9 1b/ft) to 6.94 kg/m (4.7 1b/ft)
compared to 1976 {(Loesch and Xriete, 1976). Male c/f declined
77% from 1.88 kg/m (1.3 1b/ft) to 0.43 kg/m (0.3 1lb/ft) during
the same period.

Peak landings of American shad occurred during the first
half of April (65% of total landings) after a rather slow
start in March (Table 1.4}. The fishing season quickly ter-
minated, following the peak, in the second half of April.
Females accounted for 94% of the total landings (by weight)

during the American shad fishing season.



York River

Pound nets in the York River landed an estimated 12,100
kg (26,676 1b.) of American shad and 98,300 kg (216,714 1b.)
of river herring during the 1977 spring fishing season. This
is the first vear of ocur assgessment that estimated pound net
landings have been computed for the river.

The c/f for American shad by pound nets in the York River
(1,309.3 kg [2,886.5 1b.]} was 13.4 times larger than the c¢/f
in the Rappahannock River (98.07 kg [216.2 1b.]) and 10.1
times larger than the c¢/f in the Potomac River (1,309.3 kg
[2,886.5 1b.1). The ¢/f by pound nets for river herring of
10,623.14 kg (23,420.0 1b.} was also greater than in either
the Rappahannock or Potomac rivers.

Peak catches from pound nets of American shad and alewife
occurred in the first half of May {(Table 1.5}. The ratio of
male to female American shad (2:1) wag sgimilar to landings of
pound netsg in the Rappahannock River. However, the ratio of
blueback to alewife landed was much higher in the York River
(8.5:1 vg. 2.5:1).

Stake gill net effort decreased in 1977 compared toc 1976
(Loesch and Kriete, 1976), while estimated landings of American
shad increased 49% from 72,200 kg (159,174 1b.} in 1876 to
141,100 kg (311,072 1b.) in 1977. Peak landings occurred in
the second half of March (Table 1.6). Few males were landed
after April 1, probably due to a change in mesh size from

12.38 em-12.70 em {4 7/8 inches-5 inches) to 13.34 cm~-13.87 om



(5 1/4 inches-5 1/2 inches), a practice by fishermen to cull
the less marketable males.

The overall c/f by stake gill nets in the York River for
American shad increased 117% compared to 1976 c/f, the largest
increase of any river surveyed, from 3.73 kg/m (2.3 1lb/ft) to
7.30 kg/m (4.9 1b/ft) (Loesch and Kriete, 1976). The decrease
of 49% in c/f of males, offset by an increase of 135% for
females reflects the above mentioned shift in gill net mesh

sizes.

Rappahannock River

Pound nets in the Rappahannock River landed an estimated
£,200 kg (9,259 1b.) of American shad, 84,700 kg (186,732 1b.)
of alewife and 209,200 kg (461,207 1lb.) of blueback from March
through May. Peak landings of all species occurred in the first
half of April (Table 1.7). The apparent increase in landings
of all species for 1977 compared to 1976 (Loesch and Kriete, 1976)
may not be as large as it appears, because nets below mile 10
were added into the caléulations for 1977. Prior to 1977,
only those nets above mile 10 were included.

The ¢/f for American shad and river herring increased 70%
and 66%, respectively. The male shad c¢/f increased 218%
from 21.58 kg (47.6 1b.) to 68.58 kg {151.2 1b.) while female
shad ¢/f declined 18%. The alewife c/f of 1,788.05kg (3,%942.0
1b.) and blueback ¢/f of 3,029.70 kg {6,679.3 1b.)} represent
increases of 60% and 72%, respectively, but are still far

below prior years.



Stake gill nets yielded an estimated 24,400 kg (53,793 1b.}
of American shad, an increase of 22% over 1976 (Table 1.8).

Peak landings occurred during the second half of March and
first half of April representing 79% of the total landings for
stake gill nets in the Rappahannock River.

As in 1976, most stake gill nets were set primarily to
capture striped bass. Meshes (15.24-22.86 cm [6-9 inches])
were too large to effectively capture American shad. In 1977,
no nets above mile 35 and only 60% of the nets below mile 35
were set primarily for the capture of American shad (personal
communication via J. Owens).

.Although the ¢/f for American shad did increase 30% over
1976, it represents only about 25% of the c¢/f in both the James
and York rivers. Following the pattern in the York River, the
¢/f of male shad declined from 0.18 kg/m (0.1 1b/ft) to 0.17 kg/m

{(>0.1 1b/ft)}, while the ¢/f of female shad increased from 1.20

kg/m (0.8 1b/Ft) to 1.62 kg/m (1.1 1b/ft).

Potomac River

Pound nets landed an estimated 6,200 kg (13,669 1b.) of
American shad, a decrease of 33% compared to 1976 (Loesch and
Kriete, 1976}, with the greatest proportion of the decrease
attributed to landings of females (Table 1.9%9). River herring
landed by pound nets decreased from 0.5 million kg (1.1 million
Ib.} in 1976 to 0.2 million kg (0.4 million 1b.} in 1877, a

reduction of 63%.
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Since logbooks are not obtained from Potomac River
fishermen, ¢/f is derived from total landings divided by gear
{number of licenses sold for that vear). This eliminates
comparigons of data with other rivers because effort is
measured differently (net count vs. total net length}.

The co/f for American shad and river herring also decreased
drastically relative to 1976 (Loesch and Kriete, 1976}. The
o/f for shad declined from 259 kg {571 1b.) to 130 kg (281 1b.)
with the greatest portion (57%) of the decrease attributed to
the male American shad ¢/f. River herring ¢/f decreased from
15,939 kg (35,140 1b.) in 1976 to 4,472 kg (9,858 lb.} in
1977. The largest portion of the decrease (82%) in river
herring ¢/f was attributed toc alewife c/f.

Total shad landings by stake gill nets continued a decline
which began in 1975. Of the 32,400 kg (71,430 1b.) landed by
gill nets, 20,300 kg (44,754 1lb.} were attributed to stake gill
nets, 8,900 kg (19,621 1b.) to anchor gill nets and 3,100 kg
(6,834 1b.) to drift gill nets. Only catches by the latter
type gill net increased relative to 1976 (Table 1.8). Peak
landings by all gill net gear occurred during the month of
April.

The ¢/f of stake and anchor gill nets for American shad
declined relative to 1976 (Loesch and Kriete, 1976}, and drift
gill net c/f increased slightly. The c¢/f of American shad by
stake gill nets declined from 90.43 kg {199.4 1b.) to 68.49% kg
(151.0 1b.). Anchor gill net ¢/f exhibited the greatest

decline (43%) compared to stake gill nets, from 23.01 kg
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(50.7 1b.) to 13.08 kg (28.8 1lb.). Eighty-seven percent of the
decrease in anchor gill net ¢/f was attributed to a decrease in
landings of males. The overall drift gill net c¢/f for American
shad increased from 84.74 kg (186.% 1b.) to 89.85 kg (198.1
Ib.), yvet the ¢/f for males decreased 35%. However, the increase
in ¢/f for females compensated for the decreased male c/f to
reflect an overall increase for the vear.

A change in mesh sizes of anchor gill nets is reflected
in the American shad ratio of females to males landed. The
ratio of 9.4:1, females to males, as opposed to 1.5:1 in 1976
reflects a switch to slightly larger netting to cull the
smaller, less valuable males.

Although there was an increase of river herring landed
by gill nets relative to 1976, their catch is still insignifi-

cant compared to pound net landings.
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Catch-effort statistics for river herring taken

Table 1.1.
in the North Carolina pound net fishery.
Weekly Number of
Week Landings (kg) Pound Nets c/f(kg)
9 5,563 348 16.0
i 16,242 542 30.0
11 91,018 428 212.7
12 69,483 530 131.1
13 417,627 544 767.7
14 592,119 615 962.8
15 1,380,599 624 2,212.5
16 951,130 620 1,534.1
17 121,055 603 200.8
Total 3,644,836
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Table 1.2, Number of active pound net stands in Chesapeake Bay and
its Virginia tributaries during January-June, 1977,

Jan., Feb, Mar. Apr. Mavy June

Area 15 25 14 25 15 16 2 20
A James R, 0 0 0 0 0 1 1 1
B Back R. 0 0 3 4 7 5 6 6
C Poquoson R. 0 0 0 0 0 0 6 0
D York R, 0 0 3 3 11 16 13 12
E Mobjack Ray 0 0 1 2 7 6 7 7
F Piankatank R, 0 0 1 2 Z 3 5 4
G Rappahannock R, 0 0 30 46 50 46 41 35
I Great Wicomico R, 0 0 1 3 6 6 6 5
T Potomac R. 0 0 11 22 56 65 62 73
J Cape Henry to ¥Fort

Wool 2 2 2 2 3 4 b3
¥ 01ld Point to Tue

Marsh 0 0 5 5 8 7 7 &
L York Spit 0 0 1 1 3 2 4 4
M New Point to

Stingray Point 0 0 1 5 19 i3 16 20
N Windmill Point to

Smith Point 0 0 2 15 36 41 39 41
0  Above Hungar Creek 0 0 0 0 0 a o 0
P  Below Hungar Creek 0 3 2 2 15 21 24 21

Total 2 5 63 112 223 235 235 236




Table 1.3,

Number of stake gill net stands fished in Virginia rivers
per five mile block (B) in 1977.

1975-1977 (A) and number of linear meters

Figures in parentheses represent nets set for American shad,

River System

Number of Gill Net Stands

1975 1976 1977
James 148 113 168
York 146 140 123
Rappahannock 121 127 121
Rivex Mile Mumber of Stands Number of Sections Average Length/Section  Total Meters
James 05-10 37 808 9 7,388
10=15 5 61 9 558
15-20 74 1,278 9 11,686
20-25 38 601 9 5,496
25-30 6 74 9 677
30-35 .8 118 9 1,079
Total 168 2,940 26,884
York 05-10 8 + 274 m AGN(®) 139 9 1,545
10-15 33 1,105 9 10,104
15-20 3z 7 485 9 4,435
20-25 8 161 7 1,178
25-29 22 366 6 2,064
Total 123 2,256 19,326
Rappa- 20-25 6 110 18 2,012 (1,207)
hannock 25-30 32 724 i3 13,241 (7,944)
30-35 21 405 i8 7,407 (4,444)
35-40 i8 463 13 6,068
40-45 12 233 13 3,054
&5-50 14 Z41 13 3,159
50-55 8 28 i3 1,284
55-60 8 57 13 747
60-65 1 3 13 39
65-70 _x 3 13 39
Total 121 2,337 37,080

{a) AGN = Anchor Gill Net

ST
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Table L4, Istimated catch of Amerdcan shad by stake zill nets for 5-mile sections in the

James River 1977 in kg, by half-month intervals and by sex. ERffort from Tablo
1,38, TIndex in keofm of net.

American Shad

[ Male Female Total
Half~Month River . Estimated Estimated Estimaied
Teriod Mile Index Catch Index Catcll Cateh
Har, lst B5-10 § 825 3,601 4,818
10-15 [-1”7] 52 f -5"02:} 301 353
1520 { 239 lﬁ 5,791 6,730
20-25% 542 . 2,724 3,166
2530 ~0804 :)v-ﬂ L4956 336 “3:‘55
30--35 i B i_ . —) Y
Total 7,400 13,678 16,087
Mar, 2id 3510 T 781 T B, 300 7,081
10-1% 1057 59 8327 476 535
15-20 ) 1,530 ” 7] 12,278
2025 719 5,775
2530 . 13G% 5 | 10507 213
30-15 L U3 L sl
Tatal 3,318 26,674
Apr. lst 05=10 C 420 o 39,571 40,4861
1015 1203 67 | 3-3061 2,989 3,055
;"" ] 2,121 I - 53,43 52,554
i 24,710 24,717
{1815 | 43157 ; 2 o0
L \ g ) 4,853
Tatal 7,395 124,790 128, hite
Apr. Ind (1510 . ‘] 3483 i N 6,377 6,740
14015 0493 27 j 8632 482 E1E
15-20) f‘ ¥ 678 B B 9,252 9,030
20-25 i 5 389 i . 4,351 4,670
25-10 <0580 30 21917 536 575
30-35 ) 63 I 854 917
Toral T, 669 21,852 23,341
Total by Yex 31,618 186,495

Grand Toral 198,107




Table 1. 5.

Estimated catch of Americm shad and river herring by pound nets in the York River 1977 in Kg, by half-menth intervals,

American Shad

River Herring

Female Male Alewife Bluehack Total Mumber
Half-Month Humber Estimated Estimated Estimated Estimated Estimated Days Index Mumber of
Feriod Nets Index Total Index Total Index Total Percent Total Percent Total Nebs Haulad Index MNets
Mar. 2od 3 107.3 322 127.9 384 193 579 50 289 50 290 3 2
Apz. lst 11 211.2 2,323 356.3 3,919 1,599 21,989 41 9,015 59 12,974 14 5
Apr. 2nd 11 44.9 494 232.2 2,554 2,471 27,181 1 272 g9 26,209 13 5
May l1st 10 7.3 73 105.3 1,053 3,319 33,190 1 332 9 32,858 12 S
May 2nd 19 .5 3 88.3 885 1,435 14,350 Q 100 14,350 14 5
June lst 13 7.6 59 75 875 40 390 &0 585 5 3
3,217 8,894 10,798 57,965
12,111 98,264

LT



Table 1,6.
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Egtimated catch of American shad by stake gill nets for 5=mile sections in the

York River 1977 in kg, by half-month intervals. Effort from Table 1,3B., Index
in kg/m of net,
American Shad
Male Female Total
Half-Month River Egtimated Eatimated Estimated
Period Mile Index Catch Index Catch Catch
Mar, lst 0510 7 90 2,587 2,677
1015 .0583 589 1.674 16,918 17,507
15=20 239 7,426 7,685
20m25 L0654 17 1.7258 2,033 2,110
25-29 . 1890 390 1.8067 3,729 4,119
Total 1,405 32,693 34,098
Mar, Znd 0510 ) 73 - 3,787 3,860
10-15 L0472 477 2,451 1 24,766 25,243
15-20 209 10,871 11,080
20-25 TLo1248 147 54,0603 4,783 4,930
25-29 L4138 B854 7.3779 15,228 16,082
Total 1,760 59,4735 81,153
Apr. lst 05-10 i T 5 ~ T 2,877 2,882
10-15 L0032 32 1.8621 18,815 18,847
15-20 14 £,258 B,272
20-25 Coos1E 61 2.6307 3,089 3,160
2529 L0402 83 4.0877 8,437 8,520
Total 185 41,486 41,681
Apr. 2nd 05-10 Hone | 228 228
10~15 Report« 14746 1,451 1,491
15-20 ed J 655 555
2025 TLO1ae 16 T1.3557 1,597 1,613
25~29 Nope Reported L0790 163 163
Total 16 RE NED
Total by Sex 3,376 137,748

Grand Total

141,124




Table 1.7.

Estimated catch of American shad and river herring by pount nets in the Rapp

iver 1977 in kg, by half-moeth

intorvals,

Asmerican Sharl

River Hervring

- Pemale Male Alewife Bluchaclk

Half-Month Estimated Lstimated Eetimated Estimated Estimated Mumber of
Period Mile Index Total Index Total index Togal FPercent Total Parcent Index Hets
Mar. lst 0-30 1.8 68 0.4 & 28.8 259 100 259 o 6 4

31-35 21 g.3 174 5.5 116 210,8 4,427 104 4,427 3] 12 14
Mar. 2ud 0-30 20 8.1 182 3.8 78 45,6 912 73 584 25 228 7 3

31-55 26 5.1 133 17,1 445 974 25,324 a3 23,551 7 1,773 12 18
“Apr, 1lst 4-30 28 7.6 213 1.7 328 3,440 36,320 g 8,669 Gl 87.651 El 5

31-55 22 8.7 191 19.7 433 2,170.5 47,751 50 23,876 50 “53475 12 18
Apr. Znd G-30 28 6. 188 6.7 138 1,633 45,724 17 7,773 a3 37,951 8 5

31-55 22 3.4 75 16.7 367 3,033.2 66,730 2% 14,681 75 52,045 14 18
May lst 0-30 30 2.4 72 9.1 273 5 3

31-55 22 9.4 9 22.7 499 291.1 6,404 12 768 88 3,636 7 9
May 2nd 0-30 3t (a) 3.6 112 {a) 2 1

31-55 14 2.5 35 7.7 188 (a) 2 2

1,268 2,348 84,688 209,163
EVITT 293,851

{a) Nome reported by index fishermen

6T
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Estimated catch cf American shad by stake gill nets in the Rappahannock River
¥ 4 PP

1977 4n kg, hy half-month intervals. Effort from Table 1.3 B,

Index in kg/m

of net,
American Shad
_ Male Total
Half-Month River Estimated Estimated
Feriod Mile Index Cateh Inde Cuateh Catch
Mar. lst 225 ] 15 [ I 126 141
2530 L0124 99 L1044 829 328
35 . ha LB4 519
1570 (2) e )
Tatal 168 1,568
Mav, Znd 202 A ] 100, " N 736 837
25130 L1837 565 098 & 844 5,509
3035 i 172 i B 2,710 3,082
1570 (8} o ] o
Total 1,138 B, 290 0, L28
Apr. st 2025 o ) 54 B i 50E 862
2530 i L0457 355 | GAGE 5,318 5,673
3055 l 199 o 2,975 3,174
iy (8 - ]
Tatal I T9,I0% ELE
Apr, Znd 2025 B 34 B N 288 322
2530 L0282 274 L2388 1,895 2,119
3015 125 1,060 1,183
3570 () . -
Totsl 383 A 1,626

Totad by Sox
Grand Totatl

22,053

24,351

{n) Mone reported hy index fisherman



Table 1.8, Total catchof alosine fishes by gill nets (A) snd pound nets {B) irn the Potomac River 1%77 in kg,

A. Stake Gill Wets brifr Gill Nets (allowed only during April and Hay)

American Shad River Hetring American Shad River Herring
Menths Female Male Alewife Blueback Months Female Male Alewife Biueback
Mareh 1,10 335 244 49 April 1,980 329 39 137
April 17,239 1,034 10 33 May 665 81 1 . 8
ay 565 33 0 L Total 2,645 %10 &0 s
Total 78,325 1,502 754 33 Grand Total Y i85
Grand Total 20,326 337

Total of Gill Nets

by Species
Anchor Giil Nets

29,708 2,704 300 231
Jamary 0 Q 1 G
Grand Total 32,412 531
February 0 0 Q e}
March 2,348 436 5 1
Aprii 3,698 414 i 2 B. ZPound Nets
May 11 6 o] o March 73 43 2,8%6 583
Total 8,057 856 % 3 April 1,557 676 29,399 104,232
Grand Total 8,913 ) May 816 2,504 2,155 71,464
June 12 552 221 3,682
Stake & Anchor ¢ill Nats .
(not reported separately by fishermen) Total 2,458 3,773 34,671 179,961
March 67 1 Grand Total 6,233 214,832
April 15 35
_ — Total by Species,
Total 82 36 All Gear Cowmbined
Grand Total 118 32,166 6,479 34,971 180,192

Grand Total 38,045 215,163

Iz
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Figure 1.1. -Area designations utilized during aerial pound net counts.
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Job 2. Population Dynamics of Adults - Inshore Alosine Fishery

SUMMARY

North Carolina

1.

3.

Blueback herring comprised 96% of the river herring
sanples in 1977, although alewife dominated the
earliest catches.

The male to female sex ratio for blueback herring was
1.09:1, while that for alewife was 1.14:1,

The age ranges for male and female blueback herring
were age 3 to age 8 and age 4 to ége 8, resvectively.
Ages 4, 5, and 6 constituted 96% of the male blueback
herring and 99% of females sampled.

The 1977 spawning population of blueback herring was
composed of 80% virgin males and 74% virgin females.
The age ranges for male and female alewife were age

3 o age 7 and age 3 to age 8, respectively.

Ages 4, 5, and 6 constituted 98% of the male alewife
and 97% of the females sampled.

The 1977 spawning population of alewife was composed
of 78% wvirgin males and 77% virgin females.

The age ranges for both male and female American shad
were age 4 to age 7. Ages 4 and 5 comprised 88% of the
males sampled, while ages 5 and & constituted 96% of the
females sampled.

Hickory shad ages ranged from 4 to 7 vears for both
sexes. Eighty~five percent of the hickory shad (sexes

combined) sampled were virgin fish.
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Virginia

1.

The Virginia river herring landings of 630 metric tons
were a record low and only 37% of the previous record
low in 1976.

Age structure analysis showed that there was extremely
poor recruitment in 1977. This was the second
successive year that the usually dominant age 4 fish
failed to enter the fishery.

The dominant age group increased for the second
successive year. Alewife data indicated a co-dominance
of ages 5 and 6; the medal group of blueback was age 6.
The upward shift is due to a paucity of younger fish
rather than the vpresence of strong vear classes of
older fish. Precocious age 3 river herring, often a
harbinger of successful recruitment the next year,

were not present in the 1977 samples.

The mean number of spawning checks for alewife was approxi-
mately 0.4 and about 0.6 for blueback herring.

Although gill nets select for larger and older American
shad, 83% of the females were virgin spawners. It 1is
not known if the low frequency of repeat spawners
reflects a biological constraint or low escapement from

the fishery.
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Job 2. Population Dynamics of Adults - Inshore Alosine Fishery

INTRODUCTION
Sensible fishery management necessitates a body of know-
ledge concerning the dynamics of fish populations (Ricker,
1277). Toward this end, the North Carolina Division of Marine
FPisheries (DMF} and the Virginia Institute of Marine Science
{(VIMS) has continued its annual assessment of the structure

of adult alosine populations.

MATERIALS AND METHODS

North Carolina

Commercial harvest sampling sites were the same as the
six stations established during Project AFCS-11 (Johnson et
al., 1977)(Fig. 2.1}. Data cocllected at each of the established
sites were assumed to be representative of total commercial
landings in the Albemarle Sound area. Sampling sites were
visited each week beginning in nid-February and continuing
until catches dropped to a level which d4id not produce suffi-
cient samples to warrant sampling. Types of gear used by
Eishermen included anchor gill nets, haul seines, and pound
nets,

Data from-each site were obtained from unculled samples of
the day's catch, when possible, for determining species com=-
position 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



26

dealers. Although sample size often varied with the numbers of
fish, samples usually did no+ exceed 100 fish.

Fork lengths (FL) were measured to the nearest millimeter
{mm) and scales were taken.and processed in the same manner
as described previously in the AFPCS-8 Project Completion

Report (Street et al., 1975).

Virginia

Sampling of the Virginia alosine commercial fisheries
commenced in early March, 1977, and continued weekly for river
herring and semi-monthly for American shad until the near
cessation of the runs in late June.

When available, 23 kg (50 1b.) of river herring were
randomly sampled from commercial pound net or fvke net catches.
These nets employ a 50.8 mm (2 inches) stretched mesh in their
entrapment section. ‘This mesh size, required by Virginia law
for these nets when taking "food fish", is assumed nonselective
for river herring age 3 and older.

Random samples of 50 (or legs) American shad were taken
from commercial catches. The fishery primarily employs gill
nets with mesh sizes which favor the capture of females, the
larger of the sexes. Employment of large mesh nets, in addition
to biasing the sex ratio, results in overestimates of the param-
eters of mean length, mean weilght, proportion of older fish
and the vproportion of repeat spawners.

River herring samples were returned to VIMS where they

were sorted by species and sex, body length and weight recorded
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and scales removed from random subsamples. American shad
data were collected at the sampling site, except for age and
spawning fregquency data which were derived from subsequent
scale analysis. Ages of all species were determined by the
method Cating (1953) employed with American ghad, i.e., counting
the number cf annuli and spawning check marks, and adding a
vear for the scale edge. Beal (1968) and Marcy (1962) found
the method applicable for river herring. During the 1977 spawning
season, 2,049 alewife, 5,262 blueback, and 940 American shad
samples were taken (Table 2.7).

bomestic river herring landing data for the years 1966-
1972 were obtained from the respective U.S. Fishery Statistical
Bulletins; subsequent data were from the annual summaries of
Current Fisheries Statistics, NMFS, Division of Statistics and
Market News. Offshore foreign landing data were obtained from

the respective ICNAF Statistical Bulletins.

RESULTS AND DISCUSSION

North Carclina

River Herring Composition

Weekly river herring sampling for species composition began
in mid-February; for consistenéy, weeks were numbered as in Job
1. Unculled samples of commercial catches were taken at sites
on the Scuppernong River, Chowan River, and tagging operations
in lower Scuppernong River. All early catches of river herring
were dominated by alewife; blueback herring became the

dominant species at approximately mid-season (11-12th week;
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Fig. 2.2}. These data agree closely with those reported by
Street et al. (1975) and Johnson et al. (1977).

Data taken from taggingoperations in the lower Scuppernong
River probably best estimated species composition since these
are the results of direct counts of all fish captured. However,
data taken from sites on the Scuppernong and Chowan rivers were
limited, usually about 100 fish per sample. Species composition
for the entire 1977 season determined from tagging overations
in the lower Scuppernong River was 96% blueback herring and 4%
alewife.

Sex Ratios - river herring

Sex ratios were obtained from combined data taken at sites
located on the SBcuppernong, Chowan, Alligator and Meherrin
rivers during 1977. Pound nets at these sites are believed to
be nonselective. During 1977 the male to female sex ratios
were 1.09:1 for blueback herring and 1.14:1 for alewife. Chi
square (x°) analysis of the hypothesis of a 1:1 sex ratio
indicated that the alewife ratio was significantly different
(P<0.05) but the blueback herring ratio was not (P>0.10)}.

Sex Ratios - American shad

A sex ratio of 1.34:1 (males to females} was obtained from
the pooled data of all samples. The y® value of 8.68 was
highly significant (P<0.005). The estimated sex ratio, however,
is biased because the gill nets employed are selective for

females.
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Sex Ratios - hickory shad

Sex ratios for hickory shad were also obtained from the
pooled data. The male to female sex ratio was 1:1.07. A x?
value of 0.28 was highly insignificant (P>0.50). Again it
should be noted that gill nets are the predominant fishing
gear for hickory shad, and thus are selective for the larger
females.

Mortality

Survival estimates for 1977 were computed by using the
Robson and Chapman methods (Ricker, 1275). Robscon and Chapman
showed that estimates of annual rates of survival can be made
from the catch curve of a single seascn if the popﬁlation is
exposed to unbiased fishing gear bevond the age of recruitment,
and if year-class strength and survival rate remain constant
from year to year. Assuming these two characters as constant,
survival rates of alewife, blueback herring, American shad,

and hickory shad, were computed using the formula:

g = T
IN + T-1
where: T =N, + 2N, + 3Ng + ...;
IN = Ny + Ny + N, + ...:
Nt = number in the t th age group

Mortality rates were calculated as the difference between
the survival rate and unity.
In thisg procedure the initial age in the data (age IIX - 0)

cannot be used since significant recruitment of that year class
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has not occurred, instead the data for age IV - 0 must be coded
to 0, V - 1 coded to 1, etc. This will probably make the
survival rates lower and the mortality rates higher.
Mortality estimates for blueback herring during 1977 were
60%, a value very similar to that by Street et al. (1975).
Mortality estimates for alewife during 1977 were found
to be 72% and agree closely with data presented during AFCS-8
and AFCS-11 by Street et al. {1975) and Johnson et al, (1977}.
Total mortality for American shad during 1977 was calcu-
lated to bhe 82%.
The 1977 mortality for hickory shad was also 82%.

Age and Spawning Class Composition

Data for age and spawning class composition of the total
commercial harvest, and the commercial harvest of each of the
areag sampled are presented in Tables 2.1 through 2.6 and
Figures 2.3 through 2.14.

The present data were found to agree, in general, with
that reported by Street et al. (1975) and Johnson et al.
(1877).

The Alligator River data are probably biased because
fishermen there were only active during the early part of the
1977 season.

A total of 1,009 blueback herring scale samples was found
suitable for age determination. Ages of males were found to
range from 3 to 8 years, while females ranged from 4 to 8 years

in age {Table 2.1). Age groups 4, 5, and 6 made up 96% of the
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female samples and 99% of the male sampleg. These values are
much higher than those reported in AFCS-8 but similar to those
reported in AFCS-11l, indicating a lack of oldexr fish in 1977.
Combined data from all sampling locations show a spawning
population comprised of 80% virgin males and 74% virgin
females. Scales sampled from female blueback had up to four
spawn marks, while those sampled from males had up to three
spawn marks; however only 1% of the fish had spawned more than
twice. This is lower than the 4.4% reported by Street et al.
{1975) and the 2% reported by Johnson et al, {1977). The
proportion of repeat spawners (sexes combined) was 23%.

Data for 1977 for each of the areas sampled in the
commercial harvest surveys showed much the same situation as
reported in AFCS-8 and AFCS-11l. The spawning population in
the Scuppernong River was composed of 72% virgin fish (sexes
combined, Fig. 2.4). The proportion of virgin fish is
similar to the 80% virgin £ish in the Scuppernong River
reported by Street et al. (1875) and lower than the 87%
reported by Johnson et al. (1977). Ages for male blueback
herring in the Scuppernong River ranged from 3 to 5 years,
while females ranged from 4 to 6 years; but, only 3% of the
fish (sexes combined) were over age 5 (Table 2.2}. This is
higher than that reported in AFCS-11 and lower than the
reported 5.3% in AFCS-8.

Data collected from the haul seine fishery of the Meherrin

River (Table 2.3) showed, for both sexes, that virgin fish
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comprised 84% of the spawning blueback population which is much
higher than the 49% reported by Johnson et al. (1977). Ages
for males ranged from 4 to 7 vears, while females ranged from

4 to 8 years. Data showed that 6% (sexes combined) had spawned
more than conce (Fig. 2.5).

Approximately 85% of the total landings of river herring
in Albemarle Sound are ﬁade by the pound net fishery of Chowan
River. Consequently, daﬁa from the Chowan River sample site
{Fig. 2.1} are more likely to reflect population parameters
of the total river herring run in Albemarle Sound.

Data for the Chowan River showed that 76% of the blueback
herring were virgin fish (sexes combined, Fig. 2.6}. Ages of
males ranged from 4 to 7 years, while ages of females ranged
from 4 to 8 years. Age groups 4, 5, and 6 made up 99% of the
male sample and 94% of the female sample (Table 2.4). Seven
percent of the sample (sexes combined) were found to have
spawned more than once.

Combined data for Alligator River, although probably not
truly representative of the spawning population of that
system, showed that 74% (sexes combined} of the blueback herring
in that svstem were virgin fish (Fig. 2.7). Ages ranged from
4 to 8 yvears for males and 4 to 7 for females. Age groups 4
and 5 comprised 90% of the male sample and 82% of the female
sample. Twenty-~six percent of the sample (sexes combined) had
gpawned previously (Table 2.5).

A total of 965 alewife were found suitable for age deter-

mination. Combined data for 1977 for all sample sites are
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presented in Table 2.1 and agree closely with data presented
in the AFCS-8 and APCS-1l completion reports. Ages of male
alewife ranged from 3 to 7 years, while ages of female alewife
ranged from 3 to 8 yvears. Age groups 4, 5, and & made up 98%
of the male proportion ¢f the sample and 97% of the female
proportion of the sample.

Combined data from all locationg indicate a spawning alewife
population composed of 78% virgin males and 77% virgin females.
Scales from male samples had up to two spawn marks, while
gcales from females had up Lo three spawn marks. Four percent
of the alewife {(sexesg combined) were found to have spawned more
than once {Fig. 2.8}.

Tt was estimated that approximately 85% of the alewife
landings in the Albemarle Sound area occur in the Chowan River;
therefore, Chowan River samples probably best represent the
Albemarle Sound area.

Ages of male and female alewife from the Scuppernong
River ranged from 4 to 6 years (Table 2.2}. Ages 4 and 5
comprised 98% of the male and female samples. Data showed
that 70% {(sexes combined} of the fish were virgins {(Flg. 2.9j.
Thirty percent (sexes combined) had svawned previously.

Again, as during 1976, alewife samples were obtained from
the Meherrin River. Ages for male alewife ranged from 3 to 6
vears, and 3 to 7 vears for females. Eighty-three percent of
the sample (sexes combined) were virgins (Table 2.3). Only 5%
lof the fish (sexes combined) had spawned more than once (Fig.

2.10).
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Alewife from the Chowan River ranged in age from 3 to 7
vears for males and 4 to 8 for females (Table 2.4). Virgin
fish comprised 86% (sexes combined) while only 4% of the fish
(sexes combined) had spawned more than once {(Fig. 2.11). This
is much lower than the 23% reported in AFCS-11 by Johnson et
al. {1977). Ag previously stated, these data are probably the
most representative age and spawning class data for Albemarle
Sound alewife.

Samples taken from Aliligator River showed that ageg of
male alewlfe ranged from 4 to 6 years, while alewife females
rangaed from 4 to 8 vears {Table 2.5). Seventy-twec percent
cf the sample {sexes combined} were virging and only 7% (sexes
combined) had spawned more than once (Fig. 2.12).

The gill net fishery in Albemarle Scouand accounts for
approximately 95% of the American shad taken from that areé;
the remainder were captured incidental to the pound net
fishery for river herring. A total of 401 scale samples were
found suitable for age determination. Data for 1977 are
presented in Table 2.6. Ages ranged from 4 to 7 vears. Age
groups 4 and 5 comprised 88% of the male sample, while age
groups 5 and 6 comprised 96% of the female sample. The American
shad population was comprised of 92% virgin fish (sexes
combined, Fig. 2.13), a much higher value than repcrted in
AFCS~11. Data showed that only 1% {sexes combined} had spawned

more than once. It should be noted that considerable concern
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has developed because of declining landings of American shad
in the southeastern states.

Scales from a total of 220 hickory shad were found
suitable for determining age and spawning history. Data
are presented in Table 2.6. Ages ranged from 4 to 7 years for
both males and females. Data showed that 85% of the sample
(sexes combined) were virgin fish. Only 3% of the sample
(sexes combined) had spawned hore than once (Fig. 2.14).
Again, data for AFCS-9 generally agree with that in AFCS-~11
by Johnson et al. (1977) and in AFCS-8 by Street et al. (1975)
except that the proportion of virgin fish (sexes combined)

seemed to be somewhat higher.

Virginia

River Herring Landings

The 1977 Virginia river herring landings of 630 metric
tons were only 24% of those in 1976 (Table 2.8). In turn, the
landings in 1976 were only 37% of the mean landings for the
previous 5 vears. A general decline in Virginia landings
starting in 1970 was attributed to the heavy exploitation of
river herring by the foreign offshore fishery in the late
12608 (Hoagman et al., 1973). Declining river herring
landings may also be attributed to poor recruitment; strong
recryitment to the fishery has not occurred since the 1966

vear class first became vulnerable in 1969,
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The precipitous drop in landings in 1976 was attributed
to the decimation of the 1972 year class by Tropical Storm Agnes
(Loesch and Kriete, 1976). The paucity of 4-year-old river
herring in the 1977 landings indicates that the 1973 year class
also was extremely weak and, in conijunction with the weak 1972
year class, was responsible for the further decline in
Virginia landings in 1977.

It is recommended that a contingency management plan for
river herring be formulated by the Virginia Marine Resources
Commigsion in the event that the estimated strong 1975 vear
class (Hoagman and Kriete, 1975) does not materialize in the
fishery in 1979.

Age Composition and Spawning Frequency

Historical data of Virginia river herring age structure
(Hoagman and Kriete, 1975) show, in general, that age 4 river
herring were the dominant (modal} age group. Occasionally, a
strong year class at age 5 was dominant, or co-deminant with
age 4 fish, e.g. the 1966 jear class., In 1974 and 1875 the
commercial catch consisted primarily of age 4 fish (Loesch and
Kriete, 18%76); however, in 1976, relatively few of the 1972
vear class {assumed decimated by Tropical Storm Agnes) entered
the fighery. Age frequency data in 1977 (Tables 2.9-2.18)
also indicate extremely poor recruitment by the 1973 year

class.
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The dominant alewife age group shifted from age 4 to age
5 in 1976; the blueback modal age rése to age 5 and/or age 6,
varying with sex and river {(Loesch and Kriete, 1976). There
was a further increase in the age of the dominant yvear class
in 1977. The alewife data indicate a COmdominance of ages 5
and 6 while the modal group of blueback was exclusively age 6
{(Table 2.19).

The increased age of dominant year class may be an antic-
ipatory sign of a further decline in Virginia river herring
abundance because the shift is due to a paucity of voung fish
rather than the presence of strong year classes of older £fish.
In addition, the low percentages of precocious 3-year-olds in
the 1974, 1975, and 1976 commercial samples {Loesch and Kriete,
1976) and their complete absence in the 1977 samples {(Tables
2.9-2.18) may also portend a further decline in abundance.
Historical data for Virginia river herring (Hoagman and Kriete,
1975} indicate that strong vear classes, i.e., those whose
strong relative abundance persisted through ages 5 and 6, were
preceded by a relatively strong 3~year-old representation in
the fishery. Hoagman and Kriete (1975) estimated an extremely
strong 1975 blueback year class, o its abundance at age 3 in
the 1978 fishervy might be a harbinger of the degree of expected
recruitment to the fishervy in 1979 and 1980.

The age increase in the dominant year class was accompanied
by an age increase in the modal group of virgin spawners. Age

4 river herring were the dominant virgin spawners, prior to 1976.
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In 1976 the modal virgin group advanced to age 5 and/or age 6
(L.cesch and Kriete, 1976) and 1t remained at +that level in 1977
{Tables 2.9~2.18). The average number of spawning checks for
river herring (sexes pooled) ranged from .33 to 0.68; the mean
age ranged from 5.15 to 6.01 (Table 2.20)., Neither variable
exhibited a relationship with river systems. The mean number
of spawning checks by river for blueback was congistently
higher than that for alewife; also, blueback mean age was
generally greater but not consistently so. A distribution-free
sign test indicated that the former differences were margilnal
but significant (0.10>P>0.05), but the latter differences were
not (P>0.10). Since there are no strong vear classes presently
in the fishery, the data probably reflect a tendency of blueback
to spawn at an earlier age than alewife. Marcy (1969) reported
differential spawning ages for river herring in Connecticut
waters.

American shad samples are bilased toward larger and older
f£ish because of gill net selectivity and the discard of males
at the net when market prices are low. One exception is the
VIMS Potomac River samples which were obtained from pound nets.
The difference in year-class structure between the Potomac
River samples and those from the other rivers is apparent
(Table 2.21). 1In the former sample, age 4 male and female
shad were 6$3.9 and 39.1% of the sample while for the other

rivers (pooled) age 4 male and female shad were 24.5 and 5.4%.
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The two age 3 American shad in the York River were taken in a
pound net at the river mouth and may nct have been mature fish.

Although the gill nets used were selective for older fish,
male and female virgin and single spawning checked American shad
consitituted 90.8 and 95.3% of the catches, respectively (Table
2.22). It is not known if the low fregquency of repeat spawners
reflects a biological constraint or low escapement from the
fishery.

Length and Weight Analvsis

The overall unweighted mean fork length and mean weight
for male and female alewife were 243.4 mm and 198.9 g, and
254.8 mm and 236.1 g, respectively (Table 2.23). Similarly,
for blueback the estimates were 242.0 mm and 175.0 g, and
252.5 mm and 204.2 g for male and females, respectively. Thus,
the mean length difference between alewife and blueback is
Sligﬁt; however, the average weight difference is prominent
and a function of the greater body depth in alewife. The
ranges in lengths were small relative to those of weights;
Loesch and Kriete (1978) previdusly reported that coefficients
of variation for weight were over three times those of length
for river herring.

Annual trends in mean length and mean weight of Potomac
River river herring (sexes pooled) were used in previous reports
as a general indicator of the Virginia stocks {(Hoagman et al.,
1973, 1974: Hoagman and Kriete, 1975). 1In 1976 the format was

modified by determining the estimates from only April and May
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samples, a time frame common to all sampling yvears (Loesch and
Kriete, 1976). There were modest changes but no apparent trehd
in these estimates between 1976 and 1977 (Table 2.24). The
averages in 1976 and 1977 are high relative to the minimum
chserved lows in 1974, but are less than the maximum highs in
1972 (Loesch and Kriete, 1976). Cycle-like changes in mean
length and mean weight of river herring are not well understood.
The decline of these estimates in 1969 was attributed to the
offshore harvest bv forelgn vessels which peaked in 1969
(Hoagman et al., 1973, 1974: Hoagman and Kriete, 1973). The
measured attributes, however, guickly recovered and reached
record highs in 1972. These were followed by record lows in
1974. Changing age~class structure and the presence of a strong
vear class are probably the causative agents. TIn 19692 the
extremely strong 1966 vear class was first partially recruited
to the fishery in 1969 in relatively high abundance {Hoagman and
Kriete, 1975). 1In 1972, the vear of record mean highs, the 1966
vear class at age 6 still contributed strongly to the commercial
catch. The averages declined with the demise of the 1966 year
class after 1972 and in the absence of a succeeding strong 1973
vear class. With continued poor recruitment, especially the
failure of the 1972 and 1973 year classes to recrult at age 4,
the means have now increased again.

Average lengths and weights of American shad were estimated
from random samples from pound nets in the Potomac River (Table

2.25). Female American shad had a mean length of 422 mm
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(16.6 inches), about 16 mm (0.6 inches) greater than males.
Female mean weight was 989 (2.2 1b.}, about 152 (0.3 1lb.)
heavier than males. As with river herring, the coefficients
of wvariation indicated a greater precision in estimating
length than in estimating weight. The greater variability
in weight measurements is due to the gonads which may range
from a pre-spawned to a post-gpawned condition.

Sex Ratios and Species Composition

Chi square (x?) analysis indicates that male river herring
were significantly more abundant than females except in the
Potomac River (Table 2.26). Overall, the ratio of males to
females was 1.3:1 and 1.2:1 for alewife and blueback, regpectively.

Sampling data (Table 2.7) show that blueback comprised about
72% of the river herring stocks in 1877. This estimate is about
10% higher than that for the preceding three vears (Loesch and
Kriete, 1976}. Potomac River Fisheries Commission (PRFC) data
(Job 1, Table 1.8) indicate that in the Potomac River blueback
comprised about 84% of the pound net catch by weight and 85% by
count. The conversion of weight to count utilized the mean
welght {(sexes pooled} of alewife (213.3 g) and blueback (190.3 g).

gur only unbiased data for American shad were the Potomac
River pound net samples (Table 2.7). The observed sex ratio
difference was not significant (P>0.30), however the data were
few. PRFC data show that males were 60% of the catch by weight.

Conversion of weight to count by mean weights of the sexes
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(Tables 2.27, 2.28) indicates that males constituted about 64%
of the catch by count; therefore, there was a sex ratio of

1.8:1, males to females.
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Table 2.1. Age and spawning frequenéy of blueback herring and alewife from
the area of Albemarle Sound, N.C. Data are combined from all

sample sites, 1977 (M = male, F = female).

Blueback herring

Rumber of Times Spawned

0 1 2 3 & Total

Age M F M F M F M F M F M F
1Y 2 2

IV 152 97 5 2 157 99

v 267 258 74 59 341 317

VI 1 2 15 23 $ 22 25 47

V1L 1 12 1 3 2 15

VITT 1 2 1 1 3

Total 422 357 94 B4 10 34 2 5 1 528 481

Percent 80 74 18 17 2 7 <1 1 <1

Alewife
Number of Times Soawned

0 1 2 3 4 Total

Age M ¥ M F M F M ¥ M ¥ M ¥
11 6 1 6 1
v 225 125 225 125
v 171 222 81 61 1 252 284
VI 1 13 17 15 Ei 29 27
VII 2 7 3 Z 10
VILL 4 4
Total 402 349 94 78 18 17 7 514 451

Percent 78 77 18 17 4 4 2
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Table 2.2. Age and spawning frequency of blueback herring and alewife from
the Scuppernong River pound net fishery for 1977 (M = male,

F = female).

Blueback herrving

Number of Timesg Spawned

0 1 2 . 3 4 Total
Age M F M F M F M ¥ M F M F
11T 2 2
iv 48 25 5 53 25
v 58 48 33 25 9t 73
VI 5 3 8
VIiT
VIII
Total 108 73 38 30 3 146 106
Percent 74 69 26 28 .3
Alewife
Number of Times Spawned
0 1 2 3 4 Total
Age M F M ¥ M F M F M F M F
111
v 24 18 24 18
¥ 38 47 i3 18 71 65
VI 2 2 2 2
VI
VITT
Total 62 65 35 20 97 85

Percent 64 76 36 24




Table 2.3,
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Age and spawning frequency of blueback herring and alewife for

the haul seine fishery on Meherrin River for 1977 (M = male,

¥ = female).

Blueback herring

Number of Times Spawned

Percent 89 79

0 1 2 3 4 Total
Age M F ¥ M ¥ M ¥ M 1) M B
I11
Iv 54 38 2 56 40
v 64 95 12 71107
VI 1 1 8 2 8 5 17
VIT 1 1 3 1 4
VIIT 1 1 2
Total 11% 134 22 2 9 1 4 1 131 170
Percent 91 79 13 2 ) <i 2 <1
Alewife
Number of Times Spawned
0 1 2 3 4 Total
Age M F ¥ M F M ¥ M F M F
ITT 2 1 2 1
v 77 50 77 50
v 38 80 21 1 46 102
VI 1 6 5 5 5 12
VIT 2 1 3
VIIT
Totral 117 132 27 5 8 1 131 168
16 4 5 <1




Table 2.4.
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Age and spawning frequency of blueback herring and alewife from

the pound net fishery in the Chowan River for 1977 (M = male,

¥ = female).

Blueback herring

Number of Times Spawned

0 1 2 3 Total
Age M F M F M F M F M ¥
ITI
v 39 20 39 20
v 99 80 16 18 115 98
VI 1 13 6 7 7 20 14
Vix 1 7 1 7
VIIT 1 1
Total 138 101 29 24 8 14 1 175 140
Percent 79 72 17 17 5 10 <1
Alewife
Number of Times Spawned
0 1 2 3 Total
Age M F M ¥ M F M F M F
ITT 4 4
v 59 14 69 14
v 45 35 14 2 32 37
VI 4 2 2 6 2
VIT 2 2
VITI 2 2
Total 118 49 18 2 4 2 2 140 55
Percent 84 89 13 4 3 4 4
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Table 2.5. Age and spawning frequency of blueback herving and alewife from
the pound net fishery in Alligator River for 1977 (M = male,

F = female).

Blueback herring

Number of Times Spawned

0 1 2 3 4 Total
Age M i) M F M ¥ M F M F M F
ITY
v 11 14 - | 11 14
v 46 35 18 4 64 39
Vi 4 4 8
VII & 4
VIIT 4 4
Total 57 49 18 8 8 4 79 65
Percent 7215 23 12 12 5
Alewife
Number of Times Spawned
0 1 2 3 4 Total
Age M F M ¥ M F M F M ¥ M F
I1I
v 55 43 55 43
v 50 60 26 20 76 80
Vi 6 9 g 2 5 11
Vil 5 2 7
VIIY p s
Total 195 103 32 29 9 7 4 146 143

Percent 72 72 22 20 6 5 3




Table 2.6.

Age and spawning frequency for American shad and hickory shad

from Albemarlie Sound for 1977 (M = male, F = female).

American shad

Number of Times Spawned

i Total
Age M F M F M M F
ITI
iv 53 2 53 2
v 140 89 10 5 150 94
VI 19 66 8 5 27 71
VII 1 2 4
VIIT
Total 212 158 18 12 230 171
Percent 92 g2 8 7
Bickory shad
Number of Times Spawned
i Total
Age M ¥ M ¥ M M F
ITY
w 72 66 72 66
v 17 31 13 12 30 43
VI 1 1 3 4
VII 1 1 1
Viry
Total 89 98 13 13 1 106 114
Percent 84 86 12 11 <1




Table 2.7, Summary of sample data from the alosine commercial fisheries
during the 1977 gpawning run in major Virginia tributaries
to Chesapeake Bay.
River and Alewife Blueback American shad
Half~-Month Male Female Male Female Maie Female
James
March
ist 18 32
2nd 5 45
April
lst 65 31 62 34 11 66
2nd 36 7 105 58 53 74
May
lst 4 1 142 74
2nd 22 12 43 36
June
Ist 5 b 16 17
2nd 1 1 1
York
March
lst 25 18 5 4 46
2nd 12 28 23 17 10 89
April
1lst 111 78 127 87 12 130
Znd 7 3 93 70 2 71
May
1st 3 2 125 115 1
2nd 69 40
June
1lst 3 1 2 4 12 10
Rappahannock
March
ist 41 52 5 4
Ind 225 109 45 i9 17 34



Table 2.7.

{continued)

River and Alewife Blueback Ameyican shad
Half-Month Male Female Male Female Male Female
Rappahannock
{continued)
April
1st 66 70 1.88 125 1 50
2nd 46 52 213 192 5 45
May
ist 54 16 238 161
2nd 93 104 235 185 1
June
lst 87 36 45 55
2nd 75 45 67 78
FPotomac
March
Znd 85 84 24 10
April
ist 60 60 105 87
2nd 23 32 209 223 3 9
May
ist ) 7 244 232
2nd 8 11 280 272
June
lst 6 8 108 106 31 30
2nd 4 4 70 83 5 9
Totals (M+F) 2,049 5,262 940
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Table 2.8. River herring catches in the North Carelina and
Virginia inshore fisheries and the foreign offshore

fishery in ICNAF Area 6.

Catch (metric tons)

Year North Carolina Virginia Foreign
1966 5,677 12,941

1967 8,383 12,746 981
1968 7,040 14,657 1,075
1969 8,962 13,807 10,474
1970 5,225 8,637 6,052
1971 5,769 4,664 9,442
1972 5,096 4,740 4,974
1973 3,594 4,203 2,452
1974 2,816 6,050 2,817
1975 2,699 5,152 _ 1,341
1976 2,903 1,839 1,554

1977 3,855 630
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e | [- e J o e e I et | I
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TOTAL 1.2 b2 5% 35.8 207 100.0
CHI SQUARE = 288.74316 WITH 20 DEGREES OF FREEDOHM SIGNIFICANCE = (a0
NUMBER OF MISSING CBSERVATIONS = ki1

Table 2.10. Year-class and spawning check mark freguencies
of blueback herring (sexes pooled) in the James

River commercial fishery, 1977,
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(sexes pooled) in the Pamunkey

1877.
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ALU5A, PAMUNKEY RIVER, 1977

FILtE ALCSA {CREATICN LDATE = [2/720/77} COMMERCIAL FISHERY SAMPLES, 107
SuBkjLE BLUBACKM BLUBACKF

"% ¥ K ® o ¥ ® ® & ok R ox 4 ¥ k¥ %% (ROSSTABULATION 0Ff
SPAWNCHK  SPAWNING LHECK MARKS BY YRCLASS YE A
®or & % % w ow & %k w ok % & ® & ok ¥ Kk % H Kk Fx & @& £ F A H & B & & K % W ok ¥ %
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COLNT
KOW 20T 1 ROH
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TOT PCT | 7lol Tlatl ¥zal
SPLwt CHEK e e i e [t e e e { e o o | e e e |
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TiiTaL 1%.3 f3at | 100 .0
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Tahle 2,12. Year-class and spawning check mark freguencies
of blueback herring (sexes pooled) in the

Pamunkey River commercial fishery, 1977.
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Table 2,13, Year-class and spawning check mark frequencies

of alewife (sexes pooled) in the York River

commercial fishery, 1977.
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FILE ALOSA (CREATION DATE = 12721777} LOMMERC IAL FISHERY SAMPLES, 197
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Table 2.14. Year~class and spawning check mark freguencies

of blueback herring {sexes pooled) in the York

River commercial fishery, 1977.
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Table 2.15. Year-class and spawning check mark frequencies of

alewife

fishery,

(sexes pooled)

19797,

in the Rappahannock commercial
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Table 2.16.

Year-~class and spawning check mark freguencies
of blueback herring {(sexes pooled) in the

Rappahannock River commercial fishery, 1977.
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Table 2.17. Year-class and spawning check mark fregquencies
of alewife (sexes pooled) in the Potomac

River commercial fishery, 1977.
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Table 2.18. Year-class and spawning check mark freguencies

of blueback herring (sexes pooled) in the

Potomac River commercial fishery, 1977.
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Chi square (x?) analysis of the hypothesis of equal

dominance of the 1971 and 1972 vear classes in the

Virginia commercial river herring fishery, 1977.

Year (Class Counts

Alewife Blueback
River 1971 1972 ¥ ° 1971 1972 v
James 21 45 B,02% 141 93 9.44%
Pamunkey 25 20 0.36 46 8 25.35%
York 36 94 24,99% 152 77 23.91%
Rappahannock 255 224 1.88 247 203 4,11%
Potromac 73 58 1.50 281 137 48.92%
Pooled 410 A41 1.06 867 518  87.44%

*Significant x? (0<0.05)
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Table 2.20, Mean age and mean number of spawning check marks
for river herring in the Virginia commercial

fishery, 1977.

Alewife Blueback
Spawnilng Spawning
River Age Checks Age Checks
James 5.36 - 0.54 5.67 0.60
Pamunkey 5.74 0.39 6.01 0.45
York 5.15 0.33 5.79 .68
Rappahannock 5.58 0.47 5.57 .56

Potomac 5.50 0.35 5.72 0.48
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Table 2.21. Year—class frequency of American shad in the Virginia

commercial fishery, 1977.

Year River Frequency
Sex class James York#* Rapyp. Potomac Total (%)
Male <1969 2 4] 0 G Z 1.5
1970 5 0 0 0 5 3.8
ig71 i0 7 4] 0 17 13.1
1972 g8 18 19 13 58 44.6
1973 0 14 9 23 Lé 35.4
1974 0 Z G 0 2 i.5
Total 25 41 28 36 130
Female <1969 G 2 4 0 2 0.3
1970 3 12 0 0 15 2.2
1871 62 i00 26 2 19890 27.4
1972 104 207 96 26 433 62.5
1973 4 22 9 18 53 7.6
Total 173 343 131 46 693

*Data pooled for York and Pamupkey rivers.
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Table 2.22. Spawning frequency of American shad in the Virginia commercial

fishery, 1977.

Spawning __ River Frequency
Sex Checks James York# Rapp. Potomac Total (%)
Male 0 7 24 27 13 71 54.6
1 9 15 1 22 47 36.2
2 4 2 0 1 7 5.4
3 3 0 o 0 3 2.3
>4 2 0 0 0 2 1.5
Total 25 41 28 36 130
Female 0 135 271 129 22 577 83.3
1 15 43 1 24 83 12.0
2 3 25 1 0 29 4.2
3 0 2 G 0 2 0.3
>4 0 2 0 0 2 0.3
Total 173 343 131 46 693

*Data pooled for York anmd Pamunkey rivers.,
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Table 2.23. Mean length (mm) and weight {g} of river herring in the Virginia

comiercigl fishery, 1977.

Alewife . Blueback

River Male Female Male Female
James Length 245.2 256.6 243.5 253.7
Weight 190.0 230.6 178.3 206.4
Pamunkey Length 243.8 254.9 241.9 252.6
Weight 212.5 246.7 186.8 229.7
York Length 240.8 255.3 241.0 251.9
Weight 207.1 257.6 166.2 187.4
Rappahannock Length 243.4 253.4 240.9 251.1
Weight 186.8 217.3 168.1 192.6
Potomac Length 243.9 253.8 242.5 253.4
Welght 198.3 228.1 175.5 205.0

Unweighted
mean Length 243,04 254 .8 242.0 252.5
Weight 198.9 236.1 175.0 204.2
Range Length ot 3.2 2.5 2.6
Weight 25.7 40.3 20.6 42.3
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Table 2.24. Estimated mean length (mm) and mean weight {g) of
alewife and blueback (sexes pooled) in the Potomac

River fishery, 1976-1977. Only April and May data

utilized.
Mean length Mean weight
1976 1977 1976 1977
Alewife 246.2 249.1 194.2 202.1
Blueback 250.4 246.9 183.6 185.¢6

Table 2.25. Estimated mean length (mm) and mean weight (g) of

American shad in the Potomac River fishery, 1977.

Mearn Coeff. Mean Coeff.
Sex length variation . weight variation
Male 405.8 0.08 837.3 0.29

Female 422.0 0.08 986.1 0.31
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Table 2.26. Sex ratios of river herring in the Virginia commercial

fishery, 1977.

Alewife Blueback
River Male  Female Ratio Male TFemale Ratio
James 133 56 2,040 %% 367 219 1.7:1%%
York™ 161 130 1.2:1% bbb 333 1.3:lxx
Rappahannock 687 484 1.4 :1%% 1,031 815 1.3 1%
Potomac 192 206 0.9:1 1,040 1,013 1.0:1
Pooled (sex) 1,173 876 1.3:1%% 2,882 2,380 1,2:1%%
Pooled (species) 2,049 5,262

*Data pooled for York and Pamunkey rivers.
*Xz significant (o = 0.10).

*%y? gignificant (o < 0,05).
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Table 2.27. Weight (g) statistics of male American shad in the

Potomac River commercial fishery,

1877.

197
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Table 2.28. Weight (g) statistics of female American shad in the

Potomac River commercial fishery,

1977.
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Frequency of virgin and repeat spawners for the
1977 commercial landings of blueback herring
from the area of Albemarle Sound, North Carolina.
Data were combined for all sample sites.
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Figure 2.4. Frequency of virgin and repeat spawners in the
1977 commercial landings of blueback herring
from the Scuppernong River.
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Frequency of virgin and repeat spawners in the
1977 commercial landings of blueback herring
from the haul seine fishery on Meherrin River.
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Figure 2.6. Pregquency of virgin and repeat spawners in the
1977 commercial landings of blueback herring from
Chowan River.
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Figure 2.7. Frequency of virgin and repeat spawners in the 1977
commercial landings of blueback herrlng from
Alligator River.



FREQUENCY (%!

80

100
80~
Figure 2.8.

£
R ot

NUMBER OF SPAWNING MARKS

Frequency of virgin and repeat spawners in the
1977 commercial landings of alewife from the
area of Albemarle Sound, Worth Carolina. Data
are combined for all sample sites.



81

100-
90+
80~
7O
6 O+

80

FREQUENCY (%}

20

em =

-
3 &

NUMBER OF SPAWNING MARKS

Figure 2.9. Frequency of virgin and repeat spawners in the
1977 commercial landings of alewife from

Scuppernong River.
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Figure 2.11. Frequency of virgin and repeat spawners in the 1977
commercial landings of alewife from Chowan River.
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Figure 2.12. Frequency of virgin and repeat spawners in the 1977
commercial landings of alewife from Alligator River.
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commercial landings of American shad from the area
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Job 3. Annual Index of Alcosine Juvenile Abundance

SUMMARY

North Carolina

L. Nursery areas for alewife and blueback herring were again
determined and mapped for the Albemarle Sound aréa.

2. A total of 21,142 juvenile alosine fish was captured
during sampling.

3. The annual index of alosine juvenile abundance for 1977

showed a marked increase over 1974, 1975, and 1976,

Virginia

1. The alosine catch-per-unit-of-effort (¢/f) rose sharply
in 19877 relative to 1976. Blueback herring c/f compared
favorably with those reported since 1970. The c¢/f for
alewife and American shad, however, was relatively low
in comparison to estimates made between 1970 and 1975.

2. Standing crop estimates greatly increased in 1977 rela-
tive to 1976 for all rivers except the James River.
Differences in the methods of calculating nursery area
may account for the exception.

3. Night and day péired comparison tows between surface
and bottom trawls indicated a high degree of diel

periddicity for duvenile alosines.
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Job 3. Annual Index of Alosine Juvenile Abundance

INTRODUCTION
Quantitative determination of year~class strength is a
major study element in population biology. Important long
term objectives are to: (1} estimate the relationship (if
any} between vear-class strength and future recruitment; and

{2) observe the pericdicity (if any) of strong year classes,

MATERIALS AND METHODS

North Caroclina

In North Carolina approximately 60 stations were sampled
monthly with seine or trawl nets from June through December
1977. A maximum of 30 specimens per species was measured and
the total catch by species recorded. Species other than
anadromous fisheg were also noted, as were environmental
parameters such as water temperature and salinity at each

station.

Virginia

The R/V Langley, the R/V Regtless, and an outboard vessel
(Thunderbird*) were used tc collect samples of juvenile
alosines and striped bass. The former two vessels emploved
identical 1.5 m x 1.5 m (5 £t % 5 ft) Cobb trawls. The latter
vessel had a bow-mounted 1.5 m x 1.5 m framed net which was

developed by VIMS persconnel. It is referred to as a push net.

*Uge of trade name “"Thunderbird" does not constitute endorsament.
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Surface and subsurface samples were collected with Cobb trawls,
but only surface samples were obtained with the push net. All
samples were standardized at 5 min.

A stratified random sampling plan with proportional
allocation of effort was employed. The nursery area (Fig. 3.6) in
each river was divided into 9.3 km (5 nautical miles) sections.
From a grid superimposed on the respective navigation charts,
50% of all possible sample stations between the 1.8 m (6 £t)
depth contour lines (MLW) of opposite shores in each section
were randomly selected. A subsample of 25% of the initially
chosen stations was, in turn, randomly selected and designated
as subsurface sampling sites; the remaining stations were
reserved for surface sampling.

The general boundaries of each nursery zone were determined
from salinity evaluations and pilot sampling "buffer" sections
ware included and constituted the upper and lower boundaries.
After completion of the zurveys, juvenile catch data were
examined by sgpvecies for density patterns within a nursery
zone; if present, the zone was stratified and estimates of
catch-per-unit-of-effort and standing crop were made for each
stratum. When no density pattern was obviocus for a species,
as was generally the case when catches were few, the zone was
not stratified. The initially constructed nursery zone was
also modified for a given species if it was -not caught in the
upper and/or lower portions of the zone. WNew boundaries for
the species of concern corresponded to the upper or lower

limit of the first 9.3 km section in which it was first caught.
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The same sectional boundaries were generally used to divide
changing density patterns into nursery =zone strata.

The annual index of abundance is the catch-per-unit-of-
effort {(¢/f) derived after any necessary data adjustments for
vegsel-catch efficiency. The standing crop of juveniles is
defined as the estimated number present at the time of
sampling. It was calculated by the method of Hoagman et al.
(1973) in which:

N = (Vz/VT) (c/£)
where N = the standing crop; VZ = the volume of water (km’) in
the nursery zone: VT = 5.31 km® x 107* of water, i.e., the
estimated volume of water strained by a 1.5 m x 1.5 m Cobb
trawl net in a 5 min tow with a vessel speed of 2 knots. VI
was estimated from the product of nursery zone area (km®) and
a conservative estimate that the mean depth in nursery zones
wag 4 m. Historically, with the exception of 2 years, 5 min
tows were the standard unit of effort, but the catch data in
past reports were doubled and VT = 10.62 km® x 107"% used to
simulate 10 min tows. This practice is now discontinued.
Catch~per—unit-of-effort previously reported must be halved for
general comparison to those reported herein. Also, the general
magnitude of past and present estimates of N are comparable
but absclute differences are inaccurate. Prior to 1976, effort
was constant for all 9.3 km river sections regardless of the
greater area in the lower sections of most nursery zones. In
1976, proportional allocation of effort was instituted except

fewer tows were made in the lower sections where few, 1f any,
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alosines occurred; also, the traditional nursery zone boundaries
were used. The effect of having static nursery zone boundaries
with extranecus area and constant effort in river sections is a
reduced estimate of c¢/f; also, N could be under- or over-estimated
depending upon the actual size of the nursery zones and whether
extraneous areas were small or large relative to extraneocus
effort. Thus in 1977, minor changes in estimates may be more
apparent than real.

Comparison tows to evaluate catch efficiency among vessels
were made in September, 1977 in the Hopewell area of the James
River using the R/V Brooks, R/V Langley, R/V Restless, and the
Thunderbird. All but the latter vessel with its push net
employed 1.5 m = 1.5 m Cobb trawls. In one test, 73 surface

comparison tows were made using the Brooks, Langley and Restless.

In another series of 55 replicate samples, the Langley,
Restless and Thunderbird were employed. In each sampling series
the vessels fished simultanecusly for 5 min at the same river
location, Each vessel's inshore-coffshore position relative to
the other vessels was randomized for each replication.

In the Mattaponi River, the least turbid of those sampled,
90 paired tows were made to evaluate diel periodicity of
juvenile alosine abundance. The R/V Langley, eguipped with a
9.1 m {30 £t} bottom trawl, and the R/V”RestléSs, with a 1.5 m
® 1.5 m Cobh trawil for surface towing, were used simulténeously

to obtain 55 day, and 34 night comparison tows,
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RESULTS AND DISCUSSION

North Carolina

From Octocher 1876 to September 1977 a total of 20,307
juvenile anadromous fishes was captured in 532 samples. The
main purpose of sampling was to determine the relative abun-
dance of the 1976 and 1977 Year classes. Numbers of samples
taken by each sampling gear are shown in Table 3.1. The first
three months (July-September) of 1976 were actually collected
under project AFCS-~11 but are also presented in this report
in order to show a complete vear class. Since relatively few
American shad, hickory shad, and Atlantic sturgeon were taken
during 1976 (2, 3, and 0, respectively) and during 1977 (21,
31, and 0, respectively) these species will not be considered
further in the discussion of juveniles.

In contrast to AFCS-8 and AFCS-11 the seine did not prove
to be the most effective gear for the capture of juvenile
blueback herring during the 1976 and 1977 sampling periods,
except during BAugust, 1977 (Fig. 3.1).

As during proijects AFCS-8 and AFPCS~11, the wing trawl
proved to be most effective in the capture of juvenile alewife
for both the 1976 and 1977 sampling periods (Fig. 3.2).

Nursery Areas

As in projects AFCS«-8 and AFCS-11, nursery areas for
alewife generally coincided with those for blueback herring,
Nursery areas established during AFCS-8 and AFCS-11 again were

found to be important for young anadromous fishes. Nursery
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areas are shown in Figure 3.3. As gstated by Street et al. (1973),
those areas identified as nurseryv areas are extremely important
for the maintenance of blueback herring and alewife populations
and should bhe protected from altération and pollution.

Growth

During this project segment, the 1976 and 1377 year classes
of blueback herring and alewife were followed through their
first season of growth. Figure 3.4 shows the mean fork length
of juvenile blueback herring and alewife for each month of
sampling for each year. These data generally agree with that
reported by Street et al. (1%73) and Johnson et al. (1977).

Movement

Movement of the 1976 and 1977 vear classes of fish was
virtually the same as those reported by Street et al. (1975)
and Johnson et al. (1877).

Relative Abundance

Sampling with seines and trawls was conducted by standardized
procedures in order to compare results from different samples
taken with the same gear. Such data should show any changes in
juvenile abundance from vear to year.

Data have been collected on gix year classes (1972-1977)
of bluebéck herring and alewife. For comparative purposes,
data are presented on a growth year basis rathex than by calendar
year; that is, June through the following May, rather than

January through December.
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Street et al. (1975) and Johnson et al. (1977) reported
that blueback herring were far more numerous than alewife for

years 1972-1976. This trend was continued in 1977 (Fig. 3.5).

General catch-effort statistics are presented in Table
3.2. The range in catches was most often dramatic when the
density of a species was relatively high. A large catch range
is expected because of the well known contagious distribution
of these species in estuaries; therefore, occasional large
catches were not omitted from consideration as "statistical
outliers."

Index of Abundance

The alosine c/f, with a few exceptions, rose sharply in
1977 relative to 1976 (Table 3.3). Blueback herring c/f also
compares favorably with those reported.since 1970 {(Loesch and
Kriete, 1976). In contrast, the c¢/f estimates for alewife
and American shad were relatively low in comparison to those
prior to 1976.

The pooled (all rivers) c/f for alewife in 1977 was 1.48,
with the highest estimates for strata and river occurring in
the Potomac River {(Table 3.4). TFor blueback, the pooled c/f
was 110.66, with the highest estimates for strata and river
occurring in the Rappahannock River. The American shad
pooled c¢/f was 0.19 and the highest estimate occurred in the
unstratified Mattaponi River. Striped bass juveniles were

caught in only the James, Rappahannock and Potomac rivers,
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The pooled striped bass ¢/f was 0.15 with the Potomac River
having the highest river estimate of 0.20. The latter value
was slightly exceeded by one of 0.25 in the lower stratum

of the James River.

Standing Crop

Standing crop (N} estimates greatly increased in 1977
relative to 1976 for all rivers with the exception of the
James River (Table 3.5). In the latter river the relatively
low magnitude of change makes the significance of the
difference questionable. Although the James River estimates
of ¢/f for alewife and blueback greatly increased in 1977
relative to 1976 (about 700 and 260%, respectively), the
magnitude of change was not reflected in the estimates of
N. This apparent paradox illustrates the effect of different
methodologies for determining nursery zone area. Previously,
the James River nursery zone boundaries were assumed constant
between miles 35 to 80 with an area of 190.8 km?. In 1977,
juvenile alewife were found only between miles 60 to 80,
blueback between miles 50 to 80, and American shad between
miles 50 to 70 with areas of 19.1, 33.7, and 30.8 km?,
respectively. The 1977 estimates of nursery zone areas for
the Pamunkey and Potomac rivers are approximately 40 to 47%
of those previcusly used, while those for the Mattaponi and
Rappahannock rivers are relatively unchanged,

The relative abundance and descending rank order of the
four species of concern are: Blueback (98.6%), Alewife (1.2%),

Striped bass (0.12%), and American shad {0.08%). Although
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American shad were captured in five of the gix rivers sampled
and striped bass were taken in only three rivers, the slightly
smaller c¢/f for the latter species was associated with a
larger nursery zone area (Table 3.4).

The 1977 pooled estimate of N for alewife, 2.10 million,
ig inferiocr to all previous estimates since 1970 except for
those of 1974 and 1976. However, when individual rivers are
considered, the 1877 N's are superior to 13 of the 35 estimates
made from 1970 to 1976 {(Loesch and Kriete, 1976). Previous
estimates of the pooled N are suspected of being inflated
because of the inclusion of large extraneous areas, primarily
in the lower James and Potomac rivers.

Abundance of alewife in 1977 by river and strata was
highest in the Potomac River which accounted for about 78%
of the pooled N (Table 3.4).

The pocled estimate of N for blueback, 171 million, also
exceaded the 1974 and 1976 estimates: however, individual
river N's were superior to 20 of the 35 estimates made from
1970 to 1976. Blueback, by river and strata, were most
abundant in the Rappahannock River. Estimated abundance was
only slightly less in the Potomac River, and, together, the
two nursery zones accounted for about 90% of the pooled N
(Table 3.4}.

The 1977 pooled N for American shad, 0.13 million,
exceeded only the 1976 estimate, and only four of the

individual N's by river were larger than those previously
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reported by Loesch and Kriete (1976). Abundance estimates,
as indicated by the N's at the time of sampling in 1977,
infer that ancther poor year c¢lass was produced.

An N of 0.201 million was estimated for Jjuvenile striped
bass in 1977 with the greatest abundance in the Potomac River.
Previcus estimates are not available for judging the relative
significance of these statistics.

Gear Comparisons

Catch statistics for the first series of 73 comparison
tows indicated a wery high catch efficiency of juvenile
alosines by the Thunderbird-push net combination relative to
the Cobb trawl catches of the R/V Langley and R/V Restless
{(Table 3.6}. The statistical significance of the observed
differences was readily established by a Friedman Rank Sums
Test and subsequent nonparametric multiple comparisons
{Table 3.7). After adjustment of the R/V Langley's catches
{because preliminary time~distance comparison testsg indicated
it traveled about 19.5% further than the other two vessels)

the Langley:Restless:T-RBird catch ratio was 1:4.04:14.76.

A second series of comparison tows was conducted among
the R/V Langley, R/V Restless and R/V Brooks (used in previous
years). Statistical analysis (as above)} indicated no signifi-
cance between the median catches of the R/V Broocks and the R/V
Restless; thelr median catches were, however, significantly
greater than that of the R/V Langley (Tables 3.8 and 3.9).

After the appropriate adjustment of the latter vessel's catch,
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similar to the Langley:Restless ratio in the first series.

A Langley:Brooks—Restless:T-Bird catch ratio was established

from consideration of bhoth sets of data as 1:4.29:14.76.

Diel Periodicity

Intermittent bottom trawling with a 9.1 m semi-balloon
trawl during the 1977 juvenile survey often produced larger
catches of alewife and American shad than did corresponding
surface tows with a Cobb trawl. The data sets could not be
directly compared because the fishing configuration of the
bottom trawl is unknown. The bottom trawl certainly filters
a greater volume of water than the Cobb trawl in a standard
tow. The apparent differential catches, however, prompted
a series of day~night comparison tows.

Hoagman et al. (1973) concluded that juvenile alewife and
American shad exhibited a preference for the "middle depths"
while blueback favored a higher position in the water column.
Statistical analysis of their data, derived from surface and
subsurface Ccbb trawl tows, did not support their conclﬁsion.
Digcrete vertical separation between surface and subsurface
Cobb trawl tows, as emploved in VIMS sampling, does not occur;
i.e., subsurface tows partially overlap the depth of surface
tows.

In our diel periodicity tests, bottom and surface trawls
were employed to maximize the vertical distance between paired
gsamples. The Mattaponi River, one of the least turbid systems

of those in our survey, was selected as the study site in order
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to maximize any possible light effect on the vertical distribu-
tion of the juvenile fish.

Data from 90 palred surface and bottom tows indicated a
greater density of alosine juveniles in bottom water during
daylight hours and, conversely, a greater concentration in
surface waters at night (Table 3.10)}. Obviously, there is a
diel periodicity exhibited by juvenile alosines, at least in
relatively clear water. The investigation will be pursued
in 1978.

If further investigations confirm both diel periodicity
and a high catch efficiency for the push net, future juvenile
sampling may be conducted at night with two or more push nets.
The benefits would be increased accuracy and precision in
population estimates, and, possibly & reduction of operational

costs.
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Table 3.1. Number of samples and catch of juvenile alosines

by trawl and seine in North Carolina in 1876-19877.

Trawl Seine
1976 1977 197¢ 1977
Numbher of Samples 299 249 156 130
Blueback herring 4,447 11,044 2,830 4,825
Alewife 879 4,812 48 409
American shad 2 0 0 21
Hickory shad 2 11 1 20

Total 5,330 15,867 2,879 5,275
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Table 3.2. Juvenile alosine and striped bass catch-effort statistiecs, 1977.

Strata Effort Catch Statistics
River Species (Miles) (No. tows) . Catch Min. Max.
James Alewife 70-80 23 2 0 2
6070 22 10 0 4
50-60 24 0
Blueback 7080 23 616 0 271
6070 22 1,759 0 290
5060 24 640 0 473
American shad 70-80 23 ot
60-70 22 1 0 1
50-60 24 1 0 1
Striped bass 70-80 23 0
60-70 22 1 0 1
. 50-60 24 6 0 3
Chickahominy Alewife 7-21% 21 0
Blueback 7-21% 21 2 0 2
American shad 7-21% 21 1 0 1
Striped bass 7-21% 21 0
Pamunkey Alewife 60-65 7 0
50-60 17 4 0 4
40-50 16 5 0 2
Blueback 60-65 7 2 & 1
50-60 17 1,104 0 688
4(-50. 16 5
American shad 60-65 7 0
50-60 17 10 0 7
40~50 16 2 0 1
Striped bass LO-b5% 40 0
Mattaponi Alewife 40-60% 31 1 0 1
Blueback 45-60 23 289 0 55
40-45 8 5 0 3
American shad 45-60 23 21 0 6
40-45 8 0
Striped bass 40-60%* 31 0
Rappahannock Alewife 50-85% 60 86 0 20
Blueback 70-85 26 1,138 0 481
60~70 17 10,727 3 7,038
50-60 17 13 0 8
American shad 50-85% 60 3 0 1
Striped bass 50-85* 60 1 0 1
Potomac Alewife 84~94 18 19 0 12
73-84 44 158 0 18
68-73 &d 25 0 9
Blueback B4~94 18 41 0 14
73-84 b4 9,303 2 985
68~73 L4 39 0 9

tStrata with zero catch were omitted from subsequent calculations.

*No stratification.
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Table 3.2. (continued)

Strata Effort Catch Statistics
River Species (Miles) (No. tows) Catch Min. Max,
Potomac {cont'd) American shad HB~4% 106 0
Striped bass B8-G4% 106 21 0 4

tStrata with zero catch were omitted from subsequent calculations.

*No stratification.



Table 3.3. Comparison of 1976 and 1977 estimates of catch~per-unit-of-
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effort (¢/f) of juvenile alosines.

c/f Difference
River Species 1976%* 1977 {%)
i
James Alewife 0.05 0.40 700
Bluebadk 14.4 52.30 260
American shad 0.05 0.04 =25
Pamunkey Alewife 0.05 0.28 460
Blueback 0.10 30.01 30,000
American shad 0.05 0.35 600
Mattaponi Alewife 0 0.03
~ Blueback 0.1 9.59 45,000
American shad 0.05 0.91 17,000
Rappahannock Alewife 0.2 1.43 620
Blueback 46.7 321.57 580
American shad 0 0.05
Potomac Alewife 0.15 1.98 1,200
Blueback 0.50 89.77 18,000
American shad 0 0

*Source: Loesch and Kriete,

tows) .

1976

(Table 3.5 adiusted to 5 min
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Table 3.%4. Estimates of catch-per—unit-of-effort (¢/f) and standing crop (X) of
juvenile alosines and striped bass by strata, nursery zones, and
rivers, 1977.
Strata Area Volume o/ f N (X 10%)
Species River {Miles) (km*) (km” ) Strata Zone*® Strata 7Zone#®
Alewife James 70-80 2.90 11.60 0.09 (+.0062
60-70 16.18 bd,72 0.46 0.40 0.056 0.060
Pamunkey 50-60 6.83 27.32 0.24 0.012
40-50 6.92 27.68 0.31 0.28 0.016 0.028
Mattaponi 40-60 10.36 41.44 0.03 0.025
Rappahannock 50-85 33.02 132.08 1.43 0.356
Potomac 84-94 31.63 126.52 1.06 0.252
73-84 45,86 183. 44 3.59 1.240
68-73 31.64 126.56 0.57 1.98 (.136 1.629
AllL rivers: 1.48 2.098
Blueback James 7080 2.90 11.60 26.78 G.585
60-70 16.18 64.72 79.96 9,746
50-60 14.58 58.32 26.67 52.30 2.929 13.260
Chickahominy 7-21 4.29 i7.16 0.1 0.003
Pamunkey 60-65 1.11 4,44 0.29 0.002
50-60 6.83 27.32 64.94 3.341
40-50 6.92 27.68 0.31 30.01 0.016 3.360
Mattaponi 45-60 7.78 31.12 12.56 0.736
40-45 2.58 10.32 0.62 9.59 0.012 0.748
Rappahannock 70-85 5.69 22,76 43,77 1.876
60-70 16.42 65.68 631 78,049
50-60 10.61 43,64 0.76 321.57 0.062 79.988
Potromac 84-94 31.63 126.52 2,28 0.543
73-84 45,86 183.44 211.43 73.041
68-73 31.64  126.56 0.89 89,77 0.212 73.796
All rivers: 110.66 171.155
American shad James 50-70 30.75 123.04 0.04 0.00¢9
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_ Strata Area Volume o/f N (X 10%)
Species River (Miles) (m?) (km®) Strata Zone¥% Strata Zone#®
American shad
(continued) Chickahominy 7-21 4.29 17.16 0.05 0.002
Pamunkey 50-60 6.83 27.32 0.59 0.030
4050 6.92 27.68 0.12 0.35 0.036 0.037
Mattaponi 40-60 10.36 41 .44 0.91 0.071
Rappahannock 50-85 33.02 132.08 0.05 0,012
All rivers: 0.19 0.131
Striped bass James 60-70 16.18 64,72 0.04 0.005
50-60 14.58 58.32 0.25 0.14 0.027 0.032
Rappahannock 50-85 33.02 132.08 0.02 0.005
Potomac 68-94 109.13 436.52 0.20 0.164
All rivers: 0.15 0.201

*When rivers are stratified, c/f and N in nursery zones are weighted by strata area.
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Table 3.5. Comparison of 1976 and 1977 estimates of standing crop

(N} of juvenile alosines.

N (X 10%) Difference
River Species 1676% 1977 (%)
James Alewife 0.04 0.06 50
Blueback 20.7 13.26 - 36
American shad 0.05 0.01L - 80
Pamunkey Alewife 0.01 0.03 200
Blueback 0.02 3.36 1,700
American shad 0.01 0.04 300
Mattaponi Alewife 0 0.02
Bluaback 0.01 0.75 7,400
American shad 0.01 0.07 600
Rappahannock Alewife .05 0.36 620
Blueback 11.4 80.00 6500
American shad 0 0.01
Potomac Alewife 0.2 1.63 720
Blueback 0.8 73.80 9,100
American shad 4] 0

*Source: Loesch and Kriete, 1976 (Table 3.7).
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Juvenile alosine catch statistics for 73 comparison
trawls each by the R/V Langley, R/V Restless, and

Thunderbird in the James River, September, 1977.

Langley Restless Thunderbird
Catch 2,663 8,660 31,637
c/f 36.5 118.7 433.4
Std. Dev. 62.79 -148.77 - 537.63
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Table 3.7. Summary of the Friedman Rank Sums and multiple
comparison analysis of 1977 comparison trawl data
of Table 3.6.
Friedman Critical x? Probability
statistic {a = 0.001) (P}
105.3 13.8 P<0.001
Multiple Comparisons¥®
Difference in Critical value Probability
Comparison ranked sums (e's as indicated) (P)
Restless
vs. Langley 62 28.3 (o = 0.05) P<0.001
T-Bird
vs. Langley 124 35.2 {o = 0.01) P<(.001
T-Bird
vs. Restless 62 43.2 (o0 = 0.001} P<g. 001

*see Hollander and Wolfe, 1973.
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Table 3.8. Catch statistics for 55 comparison trawls each by
the R/V Langley, R/V Restless, and the R/V Brooks
in the James River, September, 1977.
Langlev Restlesg Brooks
Catch 4,625 19,279 15,250
c/f 84.1 350.5 277.3
Std. Dev. 153.58 471.03 420.40
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Table 3.9. Summary of the Friedman Rank Sums and multiple
comparison analysis of the 1977 comparison trawl

data of Table 3.8.

Friedman Critical y? Probability
statistic {a = 0.001) (P}
42,3 13.8 P<0.001

Multiple Comparisons®

Difference in Critical value Prokability
Comparison ranked sums (0's as indicated) {r)
Restless
vs. Langley 66 37.5 (% = 0.001) P<0.001
Restless
vs. Brooks i8 24,5 {o = 0.05) P>0.05
Brooks
vs. Langley 48 37.5 {a = 0.001) P<0.001

*see Hollander and Wolfe, 1973.
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Table 3.10. Alosine juvenile catch statistics for 90 paired
surface and bottom trawls in the Mattaponi
River, September, 1977, employing a %.1 m

hbottom trawl and a 1.5 m % 1.5 m surface trawl.

Trawl No. tows Catch-per-unit-of-effort

Date type Day Night Day Night

26 Sep. Bottom 14 12 105.4 1.2
Surface 14 12 3.4 85.4

27 Bep. Bottom 22 12 : 80.5 0.5
Surface 22 12 1.6 105.2

28 Sep. Bottom 20 10 30.9 2.5

surface 20 10 2.8 155.5
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Job 4, Assessment of Alosine Winter and Early Spring Fishery

by Drift Net and Sport Fishermen - Pilot Program

SUMMARY
1. Landings by Virginia drift gill net fishermen in the
Mattaponi and Pamunkey rivers were estimated to be bétween
22,680 and 24,948 kg (50,000 to 55,000 1b.).
2. Dip net fishermen, dipping at night, averaged 5¢ river

herring per night and 30 river herring during daylight.
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Job 4. Assessment of Alosine Winter and Early Spring Fishery

by Drift Net and Sport Fishermen - Pilect Program

INTRODUCTION

Drift gill nets and dip nets have been used extensively to
take American shad and river herring on the Atlantic coast of
the United States. There was an active drift gill net shad
fishery in Maine between the vears 1820 and 1830. In 1896, the
vear of an extensive study of the shad fishery on the Atlantic
Coast, drift nets caught 46% of the 22.7 million kgs (50 million
1b.} of shad landed along ithe Atlantic Coast (Walburg and Nicholg,
1967). In the same vear, 33% of all American shad landed in the
Chesapeake Bay came from drift nets. By 1960, however, only
28% of the shad landed on the Atlantic Coast were from drift
gill nets.

Drift gill nets caught 42% of the American shad landed in
the State of Virginia in 1896, but only 22% in 1960. During the
same period the total meters of drift gill nets decreased from
272,531 m to 82,292 m (894,131 £t to 272,283 ft) (Walburg and
Nichols, 1%67).

Today the number of drift gill nets and the areas fished
in Virginia are greatly reduced, compared tc 1896, or even 1960.
The Appomattox, Chickahominy and Rappahannock rivers no longer
have an active shad drift net fishery; and the drift net area
in the James River is reduced to a 15 nautical mile reach below
the Benjamin Harrison bridge near Hopewell. Although there is
no drift net fishery in the York River, its two main tributaries

have a limited fishery, as does the Potomac River.
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Commercial and recreational drift netting for river herring
is very limited. The only known source of information on drift
gill netting of river herring in Virginia is the Potomac River
Fisheries Commission. Information supplied by the Commission
in 1976 showed a steady decline in landings of river herring
by drift nets since 1967 {(Loesch and Kriete, 1976).

Dip nets or bow nets, while popular for taking American
shad in most of the Atlantic Coast states, were only employed
on a limited basis in Virginia. In recent years,dip nets have
been almost exclusively used for river herring in Virginia.
Most dipping is conducted on a recreational basis at many small
creeks utilized as spawning areas by river herring.

The purpose of this pilot study is to document the extent
of the drift gill net and dip net fisheries for American shad

and river herring in Virginia.

MATERIALS AND METHODS

Logbooks placed with cooperating drift net fishermen at
the beginning of the shad fishing season yielded only limited
results. Many fishermen operate only part-time and live 48-80 km
(30-50 miles} from the fishing area. Personal contacts are thus
difficult and produce comments on average catches, but no written
records.

The most productive period for dip netting is during the
hours of darkness. Thus, dip ne£ fishermen are even more

difficult to contact.
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Netters were contacted during daylight and darkness and
were guestioned as to their total catch by species for the day,
their average number of hours spent fishing per day, the average
number of days per week spent fishing, and their estimate. of

the average number of dip netters at the site.

RESULTS AND DISCUSSION

Drift Gill Nets

The 1977 drift gill net fishery for American shad in the
Mattaponi and Pamunkey rivers began during the first half of
March and continued through April. Most fishermen only fished
about five weeks during that period. There were approximately
seven full-time and 18 part-time fishermen on the Pamunkey River
and 10 full-time and 10 part—time fishermen on the Mattaponi
River. Fach fisherman set an average of three nets per drift
during slack tide, six days a week. Mesh sizes ranged from 12.7
cm to 14 cm (5 inches to 5.5 inches} and nets averaged 137.2 m
(450 f£t) in length.

Full-time fishermen on the Pamunkey River averaged 7-8
fish per net per tide fished, with an average of 40 fish landed
per day. Sex ratio favored femalesg over males 20:1., Full-time
fishermen related that many of the part time fishermen on the
Pamunkey River lived in the Richmond, Virginia, area. Part-
time gill netters fished on weekends or és time permitted from
their other jobs. Their catches were probably similar to those of

the part-time fishermen on the Mattaponi River.
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Full-time fishermen on the Mattaponi River averaged 33%
fewer fish than fishermen on the Pamunkey River. Drift nets
were only set at slack tide at night because the less turbid
Mattaponi River made day fishing impractical.

We estimate the total landings by drift net fishermen in
both rivers were between 22,680 and 24,948 kgs (50,000 to 55,000
1b); however, the estimates are based on limited data, primarily

fisherman interviews.

Dip Nets

The dip net fishery for river herring in Virginia begins
in the latter half of March, or as soon as the weather is pleasant
and continues into the first of May.

Interviewed fishermen indicated that the 1977 river herring
run was small compared to previous years., One sgsite visited
on the Pamunkey River had become a commercial venture for the
owner. The area used for dipping was fenced, and for parking and
fishing privileges a fee was charged. The owner estimated the
site averaged 50 people per night and most fishermen averaged
50 fish per night.

A spot check of six dipping sites on the Rappahannock River
system during daylight hours revealed dippers at three of the
sites, a maximum catch of 30 fish/fisherman and the maximum
number of four dippers at a site.

In conjunction with their mastex's thesis problems,

Herring Creek on the James River system was visited regularly

by two VIMS graduate students, who set fyke nets below a dipping
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site on Herring Creek. They also set a trap net upstream of the
dip netters. Due to the nonselective nature of all gears (dip
net,.fyke net and trap net} it is assumed the species composi-
tion of the fvke and trap nets would reflect that of the dip

nets. The number of dip netters at the Herring Creek site and

the species compogsition of the fyvke and trap nets are given in
Table 4.1. Most of the netters concurred that the 1977 season

was very pecor for river herring. Data were inadegquate to estimate

total river herring landings by dip netters in Herring Creek.
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Table 4.1. Number of dip netters and species composition in

fvke nets on Herring Creek, James River, 1977.

Species Composition

No. of in FPyke and Trap Nets

Date Dip Netters Blueback Alewife Ratio
25-31 Mar 77 1 0 2

01-07 Apr 77 6 2 5 0.4:1
08-14 Apr 77 24 20 11 1.8:1
15-21 Apx 77 40 _ 72 9 8.0:1
22-28 Apr 77 12 254 5 50.8:1
29 Apr-~05 May 77 6 73 0

No dip netters seen after 3 May 1977
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Job 5. 'The Ocean Phase of Anadromous Fishes - Pilot Program

SUMMARY

1. A total of 795 anadromous fishes, predominantly blueback
herring, was captured.

2. Anadromous fishes were found in greatest numbers between
Cape Hatteras and Little Machipongo Inlet, Virginia.

3. The inshore (0-18.3 m [0~60 ft}) zone accounted for 92.2%
of all anadromous species captured.

4. A total of 10 Atlantic sturgeon was tagged and released.

One was recaptured.

5. Analyszis of blueback herring length-freguency distributions
revealed trimodal peaks representing vearlings, 3-year-olds,
and > 4-~year-olds. The 3~year~olds dominated offshore
catches.

6. Examination of 413 female blueback herring for ovary matu-
ration revealed that 74.1% were immature, 22.9% were capable
of spawning before the end of the 1977 season, and 3.0% were
spent.

7. No foreign fishing activity by any nation was observed

within the study area.
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Job 5. The Ocean Phase ¢f Anadromous Fishes ~ Pilot Program

INTRODUCTION

North Carclina has coliected data from the oceanic phase of
anadromous fishes since 1968. With the advent of P. L. 94-265, these
data and that forthcoming will continue to aild in establishing an
offshore data base necessary to form and evaluate management
policies regarding foreign and domestic fisghing and wvital to
understanding fluctuations in the inshore spawning populations.

VIMS personnel were unable to participate in the cffshore
cruilses because of schedule problems. The salary and travel
funds of Job 5 were reallocated to intensify the collection of
alosine fishes for Kepone analysis (Job 6), and to investigate

the diel migrations of juvenile alosines (Job 3).

MATERIALS AND METHODS

Sampling Areas

Anadromous fish sampling for the 1977 season was conducted
during three cruise segments. Segment 1 was conducted from 11
April through 18 April, Segment 2 from 25 April through 30 April,
and Segment 3 from 16 May through 31 May.

The coastal area of North Carolina and adjacent states was
divided into four major sampling areas. Area I extended south
from Cape Fear; Area 11 from Cape Fear to Cape Lookout; Area III
from Cape Lookout to Cape Hatteras; Area IV from Cape Hatteras
northward to Little Machipongo Inlét, Virginia. For this project

segment, trawl sampleg were required only in Areas IILI and IV;
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however, five trawl samples were taken in Area II. Sampling
during segments 1 and 2 was conducted from just outside the surf
zone to depths of 36.6 m (120 ft) (midshore zone, Figs. 5.1 and 5.2).
During Segment 3, to increase chances of locating concentrations
of anadromous fishes, trawling operations were conducted from just
outside the surf zone along transects out to the 131 m (430 £t}
contour, (offshore zone) every 20 minutes of latitude, between
Cape Lockout and Little Machipongo Inlet, Virginia (Fig. 5.3).
Predetermined sampling stations, located within 10-minute
latitude and longitude grids, were occupied in Areas II, III,
and IV, and along transects. Electronic fish detecting equip-
ment was monitored continually during and between the predeter-
mined stations to further increase chances of locating

concentrations of anadromous fishes.

Sampling Gear

From 11 April through 31 May 1977, a 46.1 m (151 ft}
{headrope) modified wing trawl described by Holland and Powell
(1975) and a standard No. 41 Yankee trawl with a 21 m (69 ft)
headrope and a 27 m (89 ft) sweep (equipped with 153.2 cm
[6 inches] rubber discs) were utilized. Based on previous
experience it was apparent that traditional trawl gear was
inadequate for sampling river herring, shad, and other pelagic
and neritic species. The modified wing trawl has proven to be
an excellent sampling gear for these species (Holland and
Powell, 1975). The 46.1 m modified wing trawl was used

throughout the survey except in the offshore zone where the
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use of the heavier No. 41 Yankee trawl was occasionally reguired
to negotiate rough bottom. The cod ends of both nets were con-
gtructed of 38 mm (1.5 inches) stretch mesh. Bracket dcors

(2.6 m X 1.3 m 8,5 ft X 4.3 £t]) and 45.7 m (150 ft) scissors

were utilized in conjunction with both trawls.

Collection of Materials

Tows varied from 30 to 60 minutes; however, the majority
of tows were of 30 minutes duration. The presence of all species
was noted and total number and weight of each species were
recorded. All anadromous fishes captured were sexed, measured
to the nearest millimeter {FL), and weighed. These data were
used to determine sex ratio, female maturity, and length-
frequency distributions. The 38 mm stretch mesh utilized in the
cod ends of both nets precluded any gquantitative data on fishes
smaller than 100 mm (3.9 inches): however, they were noted as

present or numerous and a sample was measured.

Tagging

We planned to tag and release striped bass, as available,
in order to better assess their recent declines in abundance as
indicated by our previous sampling and landing statistics. How-
ever, no striped bass were captured. Sturgeon were tagged and
released.

Floy FT-1 dart tags were utilized. The station number,
location, date, weight, fork length, and tag number were recorded
for all tagged specimens prior to their release. Rewards of
$1.00 and $25.00 were offered for the return of tags and informa-

tion concerning the recapture of tagged fish.
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Sex and Female Maturity

Random samples and subsamples of 777 blueback herring were
taken from trawl catches and examined for sex and female maturity.
The paucity of alewife, American shad, and hickory shad precluded
the determination of sex and fémale maturity for these species.

Females were examined for maturity according to appearance of
the ovaries and body cavity, a method similar to that used by Higham
and Nicholson {(1964) for menhaden, and by Holland and Yelverton
(1973) for river herring. There are five stages, ranging from
immature (Stage I} to spent (Stage V). The arbitrary stages of
maturity assigned in the field were as follows: |

Stage I. - Ovaries small, occupying only a small fraction
of the body cavity. Ova invisible to the naked eye.

Stage II. - Ovaries occupying about one-~third to one-half
of the body cavity. Ova invisible to the naked eye.

Stage III. - Qvaries occupying about two-thirds of the body
cavity. Ova visible through ovarian membrane.

Stage 1IV. - Ovaries occupying about three-fourths or more
of the body cavity. Ova readily separated from follicles when the
ovarian wall is pressed (ripe).

S5tage V. = Ovaries flabby, blood shot, occupying less than

cne~half of the body cavity (spent}.

Environmental Parameters

In accordance with standard oceanographic procedures, various
climatic conditions were recorded at each sampling station.

Recognizing the importance of water temperatures, particularly
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bottom temperatures, an expendable bathythermograph (XBT) or a
Montedoro Whitney Thermistor was utilized to obtain both surface

and bottom temperatures at each sampling station.

RESULTS AND DISCUSSION

Sampling Success

During the fall of 1976, it was discovered that the two main
propulsion engines in the R/V Dan Moore would have to be over-
hauled. The inability to obtain parts resulted in numerous delays
and precluded the initiation of any anadromous activity until
April, 1977. Evidence from previous studies has determined that
the offghore anadromous season i essentially cover after April or
when water temperatures exceed 12 C. Even though trawling opera-
tions were extended to 131 meters anadromous fishes were only
sporadically encountered. Only 795 anadromous fishes were cap-
tured., More specifically, three American shad, two hickory shad,
ten Atlantic sturgecn, three alewife and 777 blueback herring con=-
tributed to the total anadromous catch., No striped bass were

captured.

Coastal bDistribution

Anadromous fishes were found in greatest numbers within Area
1v (Table 5.1). Although unequal effort between Areas II, III, and
IV may have influenced catches, 78.7% of all anadromous fishes
were captured within Arxea IV. Hickory shad were captured exclu=-
sively in Area III. Blueback herring were encountered in all

three areas andwere the only anadromous species captured in Area IT.

*Use of trade name "Montedoro Whitney Thermistor" does not
constitute endorsement.
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Depth Distribution

Sampling effort and relative abundance of anadromous fishes
from 11 April through 31 May 1977 in relation tco depth zones are
shown in Figures 5.1, 5.2 and 5.3 and Table 5.2, respectively.
Sampling in the offshore (38.4~183.0 m [126-600 ft!} =zone
yvielded no fish. The inshore (0-18.3 m) zone accounted for
92.2% of all anadromous species captured. American shad and
hickory shad were captured exclusively in the inshore zone.

The inshore zone also accounted for 93.3% (725) of all the
blueback herring captured, one Atlantic sturgeon and two
alewife., The midshore {(20.1-36.6 m [66-120 ft]} zone accounted
for 9 Atlantic sturgeon (90%), 52 blueback herring and one

alewife, species which were also found in the inshore zone.

Seasonal Distribution

The paucity of anadromous fishes in samples from 11 A@ril
through 31 May 1977 precluded the accumulation of any seasonal
distribution data. The most productive catch (531 blueback
herring) occurred approximately 6 miles east of Quinby Inlet,
VA (Lat. 37°28'N, Long. 75°33'W) the most northern area sampled,
on 16 April 1877. Water temperatures for this particular
station were isothermal, with 10 C (50 F) being recorded at
both surface and bottom in a depth of 14.6 m (48 ft}. The last
recorded incidence of any anadromous species being captured
wag on 24 May 1977 when one blueback herring was captured 1
mile offshore and 13 miles north of Kitty Hawk Monument (Lat.

36°13'N, Long. 75°45'W). Water temperatures for this particular
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station were recorded at 20 C (68 F) (surface) and 15 C {59 F)

{(bottom) at a depth of 7.3 m (24 ft).

Tagging

A total of ten Atlantic.sturgeon was captured during 13-28
April 1977. The majority (nine) were captured in the vicinity
of Ylatt and Wimble Shoals. The other sturgeon was encountered
26 miles NNE of the Chesapeake Light Tower. Sturgeon were
tagged and released at the site of capture. Fork lengthg -
ranged from 87.4 to 208.3 cm (34.4 inches to 82.0 inches) and
weights ranged from 5.4 tc 161.3 kg (12 1b to 223 1lb). One
sturgeon was recaptured by fish trawl three miles off Cape
May, New Jersey, after being at large 26 days and traveling 190
miles in a northerly direction. The fish weighed 101.3 kg and
was reported £full of roe.

No striped bass were captured in the study area.

Size Composition

Only blueback herring were captured in sufficient numbers
to analyze size and age composition. A total of 777 blueback
herring was captured; however, 68.3% of the total bluehack
herring catch was captured at one trawl station (see Seasonal
Distribution, this section). Analysis of 777 blueback herring
revealed that 302 (38.9%) were males ranging from 83-283 mm
(3.3-11.1 inches), 413 (53.1%) were females ranging from B4-
273 mm (3.3=-10.7 inches), 62 (8.0%) were small sexually immature
fish ranging frem 70~121 mm (2.8-4.8 inches), (sex was not

discernible), in both sexes 30.5% were sexually mature.



135

Length-frequency distributions of blueback herring, seXes
combined, are presented in Figure 5.4. Trimodal peaks repre-
senting both voung and adult blueback herring are discern%ble,
with modes at 90-99.9 mm (3.5-3.9 inches), 170~17%.9 mm (&.7-
7.1 inches), and 24(-249.9 mm (9.4-9.8 inches). According to
age-freguency data compiled previously (Holland and Yelverton,
1973; Holland and Powell, 1975), these modes would represent
vearlings, 3-year-olds, and > 4-year-olds, respectively.

The mesh size of the cod ends (38 mm stretch mesh) of both nets
precluded any guantitative data on blueback herring smaller
than 100 mm; however, they were noted as being present or
numerous and a sample was measured.

Length-frequency distributions of blueback herring, by sex,
are presented in Figure 5.5. Both young and adult male and
female blueback herring showed modes of similar lengths. These
modes represent the same age composition discussed above. The
modal size of 3~year-old males was slightly larger than (10

mm [G.4 inch] difference) 3mYearwold females.

Female Maturity

Ovarian stages for blueback herring from 11 April through
24 May 1977 are shown in Table 5.3. Approximately 75.6% (304)
of the total number of females included in Table 5.3 were
captured on the aforementioned single most productive station.
(8ee Seasonal Distribition, this section.}) The remaining
individuals were captured sporadically throughout the morﬁ

southern portion of the study area. No ripe blueback herring

were captured.
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As shown in Table 5.3, blueback herring captured during
April and May were composed of females with covaries which ranged
from early maturing to spent. Approximately 74.1% of the total
females examined contained ovaries designated as Stage I which
would not have spawned during the 1977 season. Stage II
females (3.5%) may or may not have been capable of spawning
during the remainder of the 1977 season. However, Stage I1II
females (78}, which accounted for 19.4% of the total females
examined were capable of spawning before the 1977 season
terminated. Only 12 (3.0%) of the females examined were spent.
Spent female river herring were encountered in both Areas IIIX
and IV from 12 April through 27 April 1977. Spent females were
also captured with Stage I, II, and III females.

No female blueback herring of less than 230 mm (9.1 inches)

(FL) were observed as sexually mature.

Foreign Fishing

In order to cbtain added protection for river herring
stocks, the United States negotiated bilateral agreements with
Poland, Romania, and USSR during 1975 and 1976. These agree-
mente have been briefly described by Holland and Keefe (1977).
During the 1977 season, only the agreement with the Soviet
Union was in effect. The restrictions of this agreement
relative to this report were: (1) Soviet vessels will refrain
from fishing during February and March in an area from Little
Machipongo Inlet (Lat. 37°30'N) south to Ocracoke Inlet
(Lat. 35°00'N) offshore to approximately Long. 74°48°'W; (2)

Vessels shall limit catches of river herring to incidental
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catches only, and to 210 metric tons (231.5 tons) for all
vessels and to 10 metric tons (11.0 tons) per vessel:; (3)
Vessels shall cease fishing operations for the vear when the
210 metric ton limit is reached, and any individual vessei
reaching the 10 metric ton limit shall refrain from fisgshing
for the remainder of the year. However, with the implementa-
tion of the Fishery Conservation and Management Act of 1976
(P. L. 94-265) onn 1 March 1977, Governing Internation Fisheries
Agreements (GIFA) were in effect with all nations fishing
within the United States Fishery Conservation Zone. Under the
agreements foreign nations must abide by regulations published
by National Marine Fisheries Service (NMFS) from time to time
in the Federal Register.

No observations of foreign fishing activity by any nation
were noted within the study area.

Data obtained during previous anadromous fish projects
(AFC8-5, AFCS~8, and AFCS~11) have been instrumental in

negotiating these acreements.
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Tabla 5.1. Relative abundancs of offshore anadromous fishes by sampling arvea {(as indicated by total catch, average catch per
sample, and percent of samples taling offshore anadromous fishes), 11 April throtgh 31 May i}y,

Area IT Area 1TZ Area IV Tatal

6T

5 Gamples 31 Samples } 94 gampleg 130 Samples

Total %, Total %, Total % Total o

cateh  AvE. with catch  Avg. wlth  catch  Avg, with catch  Avg. with
Specles (ne.) cateh  fish {ro.} catch fish  fno.)  catch figh  (mo.) catch fish
Striped bass 0 0 ] ¢l 0 0 G Q i} 0 0 Q
{Morone sayatiliz)
Amexrican shad o] 4} J 0 g [t} 3 * 3.2 3 * 2.3
{Aiosa sapididsima)
Hickery shad a 0 0 2 * 6.5 0 0 0 2 * 1.5
fAlosa mediocris)
Atlantlc sturgeon 4] 0 Q 0 [+] ¢] 10 0.1 5.3 10 ® 3.8
(Acipensar oxyrhynchus}
Blueback herring 135 - 27.0 40,0 31 1.0 16.1 611 6.5 24,5 777 6.0 23.1
fAlosa aestivalis)
Alewife 0 4 Q o] 4] 0 3 * 2,3 3 * 1.5
{Alosa psawdoharengus)

Total 133 33 627 795

*lass than 0.1 fish



Table 3.2, Relative sbundance and depth distribution of offshore snadromous fishea (as 4ndicated by total cateh, average
catch per sample, and percent of samples takiag offshore anadromous Fishes). 11 April through 31 May 1877.

inshore Mid~Shore 0ff-Shore
0~ 38,3 m 20.1 = 3.6 @ 8.4 ~ 183.0wm
65 Samples 44 Samples 21 Samples
Total o Total o Total %
cateh Avg, with catch Ava. with catech Avg. with
Species {no.) cateh £ish {n0.) catch £ish (no.}) catch £ish
Striped bass g ¢ 0 0 0 ] ’ 0 0 0
(¥orone saxatilis)
dmerican shad 3 * 4.6 1] o] g [¢] 0 a
AAloza sapidissima}
Hickory shad 2 ® 3.1 o 0 0 0 0 0
(alosa mediocriz)
Atlantic sturgeon 1 T& 1.5 9 0.2 9.1 ] 1} 4]
fAcipenser oxyrhynchus)
Blueback herring 725 31.2 35.4 52 1.2 15.9 o 0 0
(Alosa aastivalis)
Alewife 2 9.3 3.1 z * 2.3 3] 4] G
{Alosa pseudoharengus)
Total 733 62 Y

% Less thas 0,1 fish

0¥t
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Table 5,3, Ovarian stage, by size range, of captured female blueback
herring (Alosa aestivalis) during 11 April through 24 May 1%977.

FL
range Stage -
{rem) I I1 11 Y
80-89 3
90-99 18
100-10%9 i0
110-119 &
120-129 2
130-139 14
140-145 1
150-159 55
160-~169 88
170-179 &7
180-189 33
190-199
200-209
210-219 1
2246-229
- 230-239 1 1 7
2460-249 5 30
250-259 2 27 4
260269 1 & 13 7
270-~279 _ 1 1

TOTAL 298 14 78 12
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Figure 5,4, Length~frequency distribution, sexes combined, of blueback herring

{Alosa aestivalis) during 11 April through 24 May 1977,
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Figure 5.5. fLength-frequency distributions, by sex, of blueback herring
{alosa aestivalis) captured during 11 April through 24 May 1977,
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Appendix 5.1. Segment I Species List

Finfish

Odontaspididae
Sand tiger shark (Odontaspis taurus)

Carcharhinidae
Sandbar shark (Carcharhinus milberti)
Dusky shark (Carcharhinus obscurus)
Smooth dogfish (Mustelus canis)

Squalidae

Spiny dogfish (Squalus acanthias)
Squatinidae

Atlantic angel shark (Squatina dumerili}
Rajdidae

Clearnose skate (Raja eglanteria}
Myiiobatidae

Bullnose ray (Myliokatis freminvillei)
Acipenseridae

Atlantic sturgeon (Acipenser oxyrhynchus)
Clupeidae

Blueback herring (Alose aestivalis)
"Hickory shad ¢Alosa mediccris)

Alewife (Alosa pseudcharengus)

American shad (Alosa sapidissimal

Atlantic menhaden (Brevoortia tyrannus})
Atlantic herring (Clupea harengus harengus)
Round herring (Etrumeus teres}

Spanish sardine (Sardinella anchovia)

Engraulidae
Striped anchovy (Anchoa hepsetus)
Bay apnchovy {Anchoa mitchilli)

Synodontidae
Inshore lizardfish (Synodus foetens)

Lophiidae
Goosefish (Lophius americanus)

Gadidae
Silver hake fMerluccius bilinearis]

Spotted hake (Urophycis regius)}

Serranidae
Black sea bass (Centropristis striata)

Ponatonidae
Bluefish (Pomatomus saltatriz)

Pomadasyidae
Tomtate (Haemulon aurclineatum)
Pigfish (Orthopristis chrysoptera)
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Appendix 5.1. (continued)

Sparidae
Sheepshead (Archosargus probatocephalus)
Pinfish (Lagodon rhomboides)
Longspine porgy (Stenotomus caprinus)

Sciaenidae
Weakfish (Cynoscion regalis)
Banded drum {Larimus fasciatus)
Spot (Leiostomus xanthurus)
Nerthern kingfish (Menticizrhus saxatilis)
Atlantic croaker (Micropogon undulatus)
Black drum (Pogonias cromis)

Labridae
Tautog (Tautoga onitis}

Ammodytidae .
American sand lance (Ammodytés americanus)

Seombridae
Atlantic mackerel {(Scomber scombrus)
King mackerel (Scomberomorus cavalla)

Stromateidae
Butterfish (Peprilus triacanthus)
Triglidae '
" "Horthern searcbin (Pricnotus carclinusg)
Leopard searobin (Prionotus scitulus)

Bothidae
Summer flounder (Paralichthys dentatus}
Windowpane {Scophthalmus aguosus)

Tetraodontidae
Northern puffer (Sphoercoides maculatus}

Invertehrates

Clionidae
Sulfur sponge {Cliona celata)

SCYPHOZOA
Jellyfish

Portunidae
Ovalipes crab (Ovalipes ocellatus)
Ovalipes crab (Ovalipes guadulpensis)

Cancridae
Rock crab (Cancer irroratus}

Majidae
Spider crab (Libinia emarginata)

Xiphosuridae _
Horseshoe crab (rimulus polyphemus}
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Appendix 5.1. (continued)

Pinnidae
Sea~pen shellg (Atrina sp.)}

Loliginidae
Atlantic long-finned squid (Loligo pealei)
Brief squld (Lolliguncula brevis)
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Appendix 5.2. Segment IT Species List

FPinfish

Odontaspididae
Sand tiger shark (0Odontaspis taurus)

Alopilidae
Thresher shark ¢alopias vulpinus)

Carcharhinidae
Sandbar shark (Carcharhinus milberti)
Smooth dogfish (Mustelus canis)
Atlantic sharpnose shark (Rhizoprionodon terraencvae}

Sphyrnidae
Scalloped hammerhead (Sphyrna lewini)

Squalidae
Spiny dogfish (Sguaius acanthias)

Squatinidae
Atlantic angel shark (Squatina dumerili)

Rajdidae
{learnose skate (Raja eglanteria}

Dagyatidae
Southern stingray (Daspatis americana)
Roughtall stingray (Dasyatis centroural
Spiny butterfly ray (Gymnura altravela)
Smooth butterfly ray {Gumnura micrura)

Myliobatidae
Bullnose ray (Myliobatis freminvillei)
Cownose ray (Rhinoptera bonasus)

Acipenseridae .
Atlantic sturgeon (Acipenser oxyrhynchus)

Clupeidae
Blueback hevring (Alosa aestivalis)
Hickory shad (Alosa mediccris)
Atlantic menhaden (Breveoortia tyrannus)
Round herring (Ftrumeus teres)
Spanish sardine (Sardinella anchovia)

Engraulidae
Striped anchovy (Anchoa hepsetus)

Synodontidae
Inshore lizardfish {Synodus foetens)

Lophiidae
Goosefish (Lophins americanus)

Gadidae
Spotted hake (Urophycis regius)

Serrvanidae
Black sea bass (Centropristis striata)
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Appendix 5.2. {(continued)

Pomatonidae
Bluefish (Pomatomus saltatrix}

Fcheneidae
Remora (Remora remora)

Carangidae
Mackerel scad (Pecepterus macarellus)
Greater amherjack (Sericla dumerili)

Sparidae
Wnitebone porgy {Calamus leucosteus)
Spottail pinfish (piplodus holbrooki)
Pinfieh (ragodon rhomboides)
Longepine porey (Stenotomus caprinus}

Sciaenidae
Silver perch (pBairdiells chrysura}
Weakfish (Cynoscion regalis)
Spot {Leiostomus xanthurus)
Southern kingfish (Menticirrhus americanus)
Atlantile crosker (Micropogon undulatus)
Black drum f(Pogonias cromis)
Red drum (Sciaenops ccellata)

Scombridase
.Mackerel (Juv.} (Scomber spp.)
King mackerel {Scomberomorus cavalla)

Stromateidae
Butterfish (Peprilus triacanthus}

Triglidae
Striped searobin (Prionctus evolans)

Bothidae
Summer Elounder (Paralichthys dentatus}

Windowpane (Scophthalmus aguosus}

Pleuronectidae
Wianter flounder (Pseudopleurcnectes americamis)

Balistidae
Grange filefish {aluterus schoepfi}

Tetraodontidas
Horthern puffer (Sphoeroides maculatus)

Diodontidae ‘
Striped burrfish (Chilomycterus schoepfi)

Gther vertebrates

Cheloniidae
Atlantic loggerhead turtle (Caretta caretta)
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Appendix 5.2. (continued)

Invertebrates

Cifonidae
Sulfur sponge (Cliona celata)

SCYPHOZOA
Jellyfish

Portunidae
Ovalipes crab {Ovalipes guadulpensis)

Xiphosuridae
Horseshoe crab (Limulus polyphemus)

Neptuneidae
Channeled welk (Busycon canaliculata)

Loliginidae
Atlantic long-finned squid (Loligo pealei)
Brief squid (Lolliguncula brevis)
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Appendix 5,3. Segment IIT Species List

Finfish

Odontaspididae
Sand tiger shark (Odontaspis taurus)

Alopiidae
Thresher shark (aloplas vulpinus)

Seyliorhinidae
Chain dogfish (Scyliorhinus retifer)

Carcharhinidae
Sandbar shark {(Carcharhinus milberti)
busky shark (Carcharhinus obscurus)
Tiger shark (Galeccerdo cuvieri}
Smooth dogfish (Mustelus canis)
Atlantic sharpnose shark (Rhizoprionodon terraenovae)

Sphyrnidae

Scalloped hammerhead (Sphyrna lewini)
Squatinidae

Atlantic anpel shark (Sguatina dumerili)
Rajidae

Clearnose skate (Raja eglanteria)
Little skate (Raja erinacea)
-Rosette skate (Raja garmani)

Dasyatidae
Roughtail stingray (Dasyatis centroura)
Spiny butterfly vay (Gymnura altavela)

Myliobatidae
Bullnose ray (Myliobatis freminvillei)

Clupeidae
Blueback herving {3losa aestivalis)
Atlantic menhaden {(Brevoortia tyrannus)
Round herring (Etrumeus teres}
Atlantic thread herring (Opisthonema oglinum)
Spanish sardine (Sardinella anchovia)

Engraulidae
Striped anchovy {Anchoa hepsetus)
Bay anchovy (Anchoa mitchilli}

Synodontidae
Inshore lizardfish (Synodus foetens)
Offshore lizardfish (Synodus poeyi)

Lophiidae
Goosefish (rophius americanus)

Gadidae
Silver hake {Meriuvccius bilinearis)
Red hake (Urophycis chuss)
Spotted hake (Urcphycis regius)
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Appendizx 53.3. (continued)

Zeidae
" American jJohn dory (Zencpsis ocellata)

Caproidae
Deepbody boarfish fantigonia capros)

Fistulariidae
Bluespotiad cornetfish (Fistularia tabacaria}

Serranidae
Rock sea bass (Centrwopristis philadelphica}
Black sea bass (Centropristis striata)

Pomatomidae
Bluefish (Pomatomus saltatrix)

Rachycentridae
Cobla (Rachycentron canadum)

Carangidae
Horse~eye jack (Caranx latus)
Mackerel scad (Decapterus macarellus)
Round scad (Decapterus punctatus)
Bigeye scad (Selar crumenophthalmus)
Greater amberjack (Sericla dumerill)

Ponadagyidae
Tomtate (Hazemulon aurolineatum)

Sparidae
Porgy {Stenotomus sp.}
Longspine porgy (Stenotomus caprinus)

Sciaenidae
Silver perch (Bairdiella chrysura)
Weakfish (Cynoscion regalis)
Spot (Lelostomus xanthurus)
Southern kingfish (Menticirrhus americanus)
Black drum (Pogonias cromis)

Labridae
Pearly razorfish (Hemipteronotus novacula)

Ammodytidae
American sand lance (Ammodytes americanus)

Trichivridae
Atlantic cutlassfish (Trichiurus lepturus)

Scombridae
Atlantic mackerel (Scomber scombrus)
King mackerel (Scomberomorus cavalla)
Spanish mackerel (Scomberomorus maculatus)

Stromateldae
Silver-vag (Ariomma bondi}
Butterfish (Peprilus triacanthus)
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Appendix 5.3. (continued)

Iriglidae _
Streamer gearobin (RBellator egretita)
Armored searohin (Peristedion minfatum)
Spiny searcbin (Pricnotus alatus}
Northern searobin {Prionotus carclinus)
Striped searobin (Pricnotus evelans)

Bothidae
Vhiff (Citharichthys sp.)
Fourspot flounder (Paralichthys coblongus)
Dusky flounder {(Syaciuvm papillosum}

Pleuronectidae
Winter flounder (Pseudopleurcnectes americanus)

Balistidae
Orange filefish (Aluterus schoepfi)
Gray triggerfish (Balistes capriscus)
Planehead filefish (Monacanthus hispidus)

Ostraciidae
Honeycomb cowfish (ractophrys polygonia)

Tetraodentidae
Marbled puffer (Sphoercides dorsalis)
Northern puffer (Sphoeroides maculatus)

Invertebrates

Demosponglae
Sponge

Bchincidea
Sea urchins

Holothuroidea
Sea cucumber

Sicyoninae
Rock shyrimp (Sicyonia brevirostris)

Nephropside
American lobster {Homarus americanus)

Portunidae
Ovalipes crab (Ovalipes ocellatus)
Ovalipes crab (Ovalipes guadulpensis)
Portunid crab (Portunus spinicarpus)

Cancridae
Jonah crab (Cancer borealis)
Rock crab {Cancer irroratus)

Majidae
Arrow crab (Stenorynchus seticornis)

Xiphosuridae
Horseshoe crab (rimulus polyphemus)
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Appendix 5.3, (continued)

Pectinidae
Atlantic deepsea scallop (Placopecten magellanicus)

Mactrdidae
Surf clam {Spisula soclidissima)

Naticidae
Atlantic moon snall (Polinices duplicatus}

Neptuneidae
Enobbed whelk (Busycon carica)

Fasciolardiidae
Florida horse conch (Pleurcoploca gigantea)

Sepiolidae
Squid (Rossia tenera)

Loliginidae
Atlantic long-finned squid (roligo pealel)

{mmastrephidae
Short-finned squid (Illex illecebrosus)
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Job 6. Kepone Concentrations in Anadromous Alosine Fishes and

its Possible Function as a Chemical Tag

SUMMARY.

1. Kepone analysis of adult American shad sampled in the lower
James River in March, 1977, indicated there was, in general,
little or no contamination at that time.

2. The Kepone action level {0.3 ppm) was exceeded by 29% of
adult male hickory shad and 28% of the females in samples
collected in August and September, 1977,

3. All juvenile alosines and juvenile striped bass analyzed
from samples taken in the nursery zone of the James River
near Hopewell, Virginia exceeded the action level. Samples
collected downriver were bhelow the action level.

4, Mean Kepone concentrations of juveniles collected in the
York River were very low. .Aeolian contamination of the
York River water shed, rather than juvenile migration,

probably accounts for the presence of Kepone in these fishes.
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Job 6. Kepone Concentrations in Anadromous Alosine Fishes and

its Possible Function as a Chemical Tag

INTRCDUCTION

The contamination of the James River by Kepone resulted in
the closure of the river for commercial fishing in 1975. The
river was reopened to alosine fishing for an abbreviated fishing
season in 1976-77 and a Xepone "action level” of 0.3 ppm
established.

Xepone analysis of adult alosines is important for: (1)
establishing a baseline for estimating the rate and amount of
Kepone uptake by alosines_spawning in the James River; (2) deter-
mining if returning adults have retained or completely depurated
Kepone while at sea; and (3) supplying the State with information
pertinent to managerial decisions about the alogine fishery in
the James River. The juvenile Kepoﬁe data are important for:

(1) determining 1f Jjuveniles migrate within the Chesapeake Bay
system; (2) estimating the rate of Kepone uptake and its concen-
tration carried seaward in the fall migration; and (3) estimating
the Xepone concentration, if any, when the 1977 year class first
return to spawn in three to four years.

The Job 6 commitment was only the collection of specimens;
however, as funds permitted, some Kepone analyses were performed.
Additional analyses, at no cost to the project, were conducted
by the VIMS Department of Ecology-Pollution and the Virginia

State Water Control Board.
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MATERIALS.AND METHODS

Samples of adult Américan shad and hickory shad were obtained
from various sites throughout the Chesapeake Bay region. The
samples were obtained from commercial fishermen and commercial
seafood buyers. Only specimens were collected whose sites of
capture were known. Juveniles were collected with a 27.4 m
{90 ft) beach seine and with the trawl nets and push net described
in Job 3. Seine net sampling for voung~of-the-yvear alosines and
striped bass commenced in mid-August and continued until late
November; as weather permitted, occasional samples were taken in
December. Sampling was conducted on a weekly basis in the James
River and biweekly in the York River. Additional juvenile
samples were collected from the major Virginia tributaries to
Chesapeake Bay during the execution of Job 3.

Kepone analysis was made by electron capture gas chromotog-
raphy. Individual adults were analyzed but most often a blend of

several juveniles, subsampled from the catch, was used.

RESULTS AND DISCUSSION

Kepone analysis of American shad sampled in March, 1977,
indicated there was, in general, little or no contamination of
this species. Nine of 11 roe analyvzed did not contain a detect-
able level of Kepone; two others had concentrations of only 0.02
and 0.04 parts per million (ppm). Kepone was not detected in
four of nine American shad fillet samples. In the other five
samples the concentration ranged from 0.02 to 0.17 pﬁm, with a

mean of 0.05 ppm, well below the action level of 0.3 ppm.
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Hickory shad were collected from early August through .
September, 1977, in the lower Chesapeake Bay area (Lynnhavénw
Ccean View). Edible meat of 24 males and 18 females was
analyzed. The action level was exceeded by 29% of the males
and 28% of the females, with means of 0.71 and 0.66 ppm,
respectively. The means for the samples not exceeding the
action level were 0.10 and 0.13 ppm for males and females,
respectively. The overall means for males, females, and sexes
combined were all 0.28 ppm.

The greater concentration of Kepone in hickory shad
relative to the American shad may be due to the later collection
dates of the hickory shad. As available, all adult alosine
species will be collected from April through the spawning season
in 1978,

211 juvenile alosines and striped bass analyzed from
samples taken in the nursery zone of the James River near
Hopewell, Virginia exceeded the action level. Conversely, analysis
of samples taken below the nursery zone in the area of Hog Island
and also those from the York River near West Point, Virginia,
were below the action level.

Seven juvenile American shad analyzed from samples in the
nursery zone had a mean concentration of 1.38 ppm Kepone; none
were collected below the nursery zone, In the York River, 186
juveniles were collected and analysis of subsamples indicated
a Kepone concentration of 0.02 ppn.

Only one juvenile hickory shad was collected. It was from

the York River and had a Kepone concentration of 0.03 ppm.
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Analysis of 111 juvenile blueback herringffrom the nursery
zone indicated a mean Kepone concentration of 0.80 ppm. Forty-
two specimens below the nursery zone had a mean concentration of
0.19 ppm, and the mean for 174 specimens collected in the York
River was 0.02 ppm.

Ten juvenile alewife collected in the James River nursery
zone had a mean Xepone concentration of 1,34 ppm. None were
captured below the nursery zone, and no Kepone was detectable
in one specimen taken in the York River.

The mean Kepone concentration for 28 juvenile striped bhass
in the nursery zone was (.99 ppm. Only one specimen was collected
below the nursery zone; its Kepone concentration was 0.09% ppm.

In the York River, 66 specimens had a mean Kepone concentration of
G.02 ppm.

It is not known if the low Kepone concentration in James
River Jjuveniles below the nursery zone is due to depuration cr a
lesser exposure to the higher upriver concentrations. The very
low concentration of Kepone in the York River juveniles is probably
a result of aeclian contamination of the river's water shed
rathey than migration of the juveniles from the Jamss River.

The FKepone concentration in juveniles did not exhibit a
pattern of change with time; however, the data are relatively few,
Tt is expected that night sampling in 1978 will result in a

larger number of samples.
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Job 7. Sturgeon - A General Pilot Study

SUMMARY
1. No shortnose sturgeon were found in commercial landings
of sturgeon examined in the Albemarle Sound area of North

Carnlina.
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Job 7. Sturgeon - A General Pilot Study

INTRODUCTION
Sturgeon are infrequent inclusions in pound and gill net
catches of North Carolina and Virginia inshore commercial
fisheries. In Virginia both the Atlantic and shortnose sturgeon
are endangered species. In North Carolina only the shortnose

sturgeon is considered an endangered species.

MATERTALS AND METHODS
Commercial landings of sturgeon were examined at two
commercial landings sites in Albemarle Sound area. The frequency
of sampling was semi-~monthly during the period October 1, 1876
through September 30, 1977. 1In Virginia, logbooks were distri-

buted to cooperating fishermen.

RESULTS AND DISCUSSION
During the pericd Getober 1, 1876 through September 30, 1977
44 sturgeon were examined to determine if any of those landed

were shortnose sturgeon (Acipenser brevirostrum), an endangered

species. None of the samples examined contained shortnose
sturgeon. Table 7.1 shows the month, number, and species of
sturgeon examined at each locaticon during the sampling period.
VIMS did not receive its permit from NOAA, Marine Mammal
and Endangered Species Division, until mid-August, 1977. Thus,
there wag no sturgeon analysis. BSalary and travel funds were
spent for the placement of logbhooks with cocoperative fishermen:
there were similar expenses in the process of collecting the log-

books and informing the fishermen that the research was postponed.
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Table 7.1. Numbers and species of sturgeon examined at two
sampling site$ in North Carolina October 1, 1976 -
September 30, 1977.

Site A Site B
Atlantic Shortnose Atlantic Shortnose
Month Sturgeon Sturgeon Sturgeon Sturgeon

Oct. 1976 5 3

Nowv., 1976 7 4

Dec. 1976 1 1

Jan, 1977

Feb. 1977

Mar. 1977 1

Apr. 1977 2 4

May. 1977 5 2

Jun. 1977 1

Jul. 1877

Aug. 1977 3 5

Sep. 1377 o o

Total 24 20




168

Job 8. Anadromous Fish Tagging

SUMMARY

1. In spring 1876, 8,737 river herring were tagged in the
Scuppernong River. Estimates of population density,
based on 493 tag returns, ranged from 1.3 million to
3.1 million river herring.

2. A total of 7,998 river herring was tagged and released
in the mouth of the Scuppernong River in 1977. Estimates
of population density, based on BGé tag returns, ranged

from 2.3 million to 3.2 million river herring.
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Job 8. Anadromous Fish Tagging

INTRODUCTION
The Scuppernong River and its pound net fishery for river
herring provided an ideal opportunity to test the value of
tagging studies in estimating the numbers of river herring in the

spring spawning run in that system.

MATERIALS AND METHODS

A total of 7,998 river herring was tagged and releasged
during the spring run {(approximately February-May). Recaptures
were made primarily hy pound nets and some by gill nets. Rewards
of $1.00 to $25.00 were offered for returned tags and information
about tagged fish., Special efforts were made to collect detailed,
accurate catch and effort data from both commercial and recreational
fisheries of the Scuppernong River system in order to calculate
the magnitude of the river herring run. The objective was to

estimate the population size.

RESULTS AND DISCUSSION
Tagging
Prior to 1977 (15 February through 15 May 1976} a total of
8,73? river herring was tagged, and 493 tagged river herring were
recaptured during the same period.
From 15 February through 15 May 1977 a total of 7,998 river
herring was tagged, and 566 tagged river herring were recaptured

during the same period.
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Daily catch estimates were made from each fisherman's
landings. Herring from randomly gselected 100 lb. samples were
counted and total number of catch estimated by multiplying
number of fish per 1lb. by total 1bs. Seasén catch estimates
were calculated by totaling the estimates of each fisherman's
daily landings. The total number of fish landed in the Scupper-
nong River during Spring 1976 was estimated to be 210,959; the
catch estimate for 1977 was 302,036.

It is difficult for fishermen to check each fish as
daily pound net catches can be gquite iarge, Therefore,
recovery efficiency of tagged fish was tested by placing a
known number of tagged fish in pound néts prior to the nets
being fished, and the percentage of tag recovery was calculated.

Three methods of making population estimates described by
Ricker (1975) were used to evaluate data from the tag and re-
capture study. The three methods selected were the Petersen
(single census) method, the Schnabel, and the Schaefer method
for stratified populations (Apvendix 8.1). Data used in each
method were adjusted for the returns recaptured outside of the
Scuppernong River and for tag recovery efficiency from pound nets.

Estimates using the Petersen . (single census) method
indicated a Scupperncong River population of 3,139,947 in 1976.
Calculated 95% confidence limits were 2,900,313 and 3,422,746.
The 1977 data indicated a Scuppernong River population of
2,981,315, Calculated 95% confidence limits were 2,873,988 and
3,088,642,

Estimates using the Schnabel method showed a population of

1,300,291 in 1976. Confidence limits (95%) were again calculated
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and the population was found to range between 1,201,055 and
1,417,401 river herring. During 1977, the population was
estimated at 2,276,906 fish. Confidence limits ({85%) were
again calculated and found to range between 2,107,191 and
2,476,356.

The Schaefer method for the stratified populations
estimated the total number of river herring to be 2,886,801
during 1976 and 3,192,062 during 1977.

Considering the three estimates, a reasonable estimate
of river herring density in the Scuppernong River spring

spawning run was probably around 3 million fish each vyear.
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Appendix 8.1. Formulas used for population estimates

Petersen
N = MC/R= C/u _ Ricker (3.5)
vhere: ¥ = 1is the size of population at time of marking
M = is the number of marked figh
C = is the catch or sample taken for census
R - is the number of recaptured marks in sample
u =~ is the rate of exploitation of the population (u=R/M)
Schnabel
I ('t Mt)
N o= - Ricker (3.15)
where: K = is the size of the population
Ct ~ ds total sample taken on day ¢
Mt ~ 1s total marked fish at large at the start of the tih day
{or other internal)
R ~ is the total recaptures during the experiment
Schaefer
Mi Cj
N = Zﬁij = Z(Rij . T 2 3 Ricker {3.18)
i 3
where? N = is the size of the population

R,. = is the number of fish marked in the ith marking period which
are recaptured in the jth recovery perifod

¥, = iz the number of f£ish marked in the ith peried of marking

Cj « is the number of fisgh caught and examined in the jth period
of recovery

B, =~ is total fish recaptured fn the ith period

R, = is the total recaptures during the jth period
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Job 9. Spawning Area Survey

SUMMARY
1. River herring spawning areas in the Alligator River were
determined from obser?ations of spawning activity, capture
of running-ripe females, and collections of eggs and

larvae. Approximate spawning times were noted.
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Job 9. Spawning Area Survey

INTRODUCTION
Those areas identified as spawning sites are extremely
important for the maintenance of river herring populations

and should be protected from alteration and pollution.

MATERTALS AND METHODS

During the spawning season {approxXimately Marcthay},
project personnel sampled the Alligator River and its tribu-
taries to determine utilization of this system by anadromous
fishes for spawning. Sampling gear consisted of egg nets
(half-meter plankton nets), gill nets, and dip nets.

Samples of eggs and larvae from egg nets were preserved
in the field and returned to the laboratory where the eggs
and larvae were identified, counted, and measured. Gill nets
were used to capture spawning adults which were identified,
sexed, counted and examined for spawning condition. Collection
of eggs, larvae, running-ripe females, and visual observations
of spawning activity were considered as confirmation of spawning
at a given location. Hydrological data (water temperature,

salinity, etc.) were taken for each spawning area sample.

RESULTS AND DISCUSSION

Spawning Area Sampling

The criteria used to identify spawning areas were: (1)
capture or observation of running-ripe females; (2) observation

of spawning activity; and (3) the capture of eggs or larvae.
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Table 2.1 shows the dates of capﬁure, location, number and
species of running-ripe females taken by gill nets during this
study. Figure 9.1 shows the location of observed running-ripe
female f£igh. Figure 9=2 shows the relationship of temperature
and time to catches of eggs and larvae for the study area.
Table 9.2 shows the number and general location of capture for

the study area.
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Table 9.1. Observations of running-ripe females and spawning activity by

anadromous river herring in the Alligator River during 1977. All

captures were by gill nets.

Number
Date Location of fish Species
3~11-77 Gum Neck Landing 1 Alewife
3-15-77 Alligator River Southwest Fork 1 "
3~15~77 Alligator (Creek 2 v
3-17-77 Alligator River Southwest Fork 1 "
3-29-77 East Lake {(lower) 1 i
3=29-77 Frying Pan i Blueback
3-30-77 East Lake (lower) 4 Alewife
3-30-77 Second Creek 1 "
33077 Frying Pan 6 "
3-31-77 East Lake {(lower) i '
3-31~F7 South Lake (middie) 1 i
40177 East Take (lower) I "
40177 Second Creek 2 "
40677 Cherry Ridge Landing 1 Blueback
L-GT7-77 Rast Lake (upper) 1 Alewife
40877 Kilkenny Landing 2 "
40877 Alligator River Northwest Fork 6 "
41377 Fast Laoke {(lower) 2 "
41377 South Lake (upper) 1 H
4~13-77 Swan Lale 1 "
4~13-77 Gum Neck (pumping station) 2 Blueback
L3477 East Lake (lower) 1 i
b-14-77 South Lake (upper) 5 "
4=14=77 Second Creek 2 "
4~15-~77 South Lake (upper) 1 "
b4=15-77 slligator River Northwest Fork NC 94 1 Alewife
- A4=-19-77 Cherry Ridge Landing _ I "
4~20-77 Gum Neck Landing (pumping station) 1 Blueback
42577 Alligator River Fork NC 94 3 Alewife
42177 Alligator River Northwest Fork NC 94 2 "
42277 Aliigator River Northwest Fork 1 "
4-26-77 Alldigator River Northwest Fork 1 Blueback
6-27-77 Kilkemny Landing 1 Alewife
b2 877 Kilkenny Landing 1 "
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Table 9.2. Eggs and larvae collected by egg nets in the Alligator River,
1977.
Number of River Herring Alewife Blueback Herring
Water Body Samples Eggs Larvae Larvae Larvae
&£1ligator River 89 37 163 35 0
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Job 10. Development of Management Alternatives

SUMMARY
It is recommended that the regional fishery management
councils work with the Secretary of Commerce to reduce
the foreign fleet's offshore river herring by-catch

allocation to 100 metric tons (110.2 tons) or less

beginning in 1979.

It is recommended that the Virginia Marine Resocurces
Commission formulate a contingency management plan for

the Virginia river herring fishery.
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Job 10. Development of Management Alternatives

INTRODUCTION

Virginia and North Carclina are the center of river
herring production for the Atlantic coast. As such,
condition of their stocks and fisheries determines the overall
condition of the total fishery. Considering. the two States
together, the fishery has not significantly recovered from
the decline apparently caused by overfishing on the high
seas by foreign vessels, Reproductivé success of river
herring in Virginia has declined since the mid~1960°'s and in
the Albemarle Sound area, North Carolina since 1973. 1In
Virginia, the 1972 year class was decimated, apparently due to
Tropical Storm Agnes. The 1973 vear class failed, as well,
for unknown reasons. No reasons can be given for poor year
classes in the Albemarle Sound area, either. Reproductive
failures, however, have been far more drasgtic in Virginia than

in North Carolina.

DISCUSSION
National Marine Fisheries Service statistics iﬁéicate
that a total of 44 metric tons (MT) (48.5 tons) of river herring
was taken by foreign vessels along the Atlantic coast during
1877, all as by-catch by the Soviet Union. It ig significant
te note that the first seizures of forelgn vessels for viola-
tions of U. 8. fishing réguiations under the Fishery Conservation

and Management Act were for excessive catches of river herring.
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Since the yearly total was only 44 MT when the by-catch
allocation was 500 MT (551.2 tons), it is obvious that the
foreign vessels are able to avoid river herring, and that
future allocationg do not need to be so large. Considering
the facts that river herring'stocks are still guite depressed
and that foreign vessels are able to operate successfully
with very little river herring by-catch, it is recommended
that the regional fishery management councils work with the
Secretary of Commerce to redude the river herring by-catch
allocation from 468 MT (515.9 tons) in 1978 to lOOlMT or less
beginning in 1979.

It is further recommended that the Virginia Marine
Resocurces Commission formulate a contingency management plan
for river herring. This recommendation is based on a review
of VIMS data which show a decline in river herring landings
and ¢/f since the late 1960°'s and successive recruitment

failures in 1976 and 19877.






	Biology and management of mid-Atlantic anadromous fishes under extended jurisdiction (1 October, 1976 to 30 September, 1977)
	Recommended Citation

	Biology and management of mid-Atlantic anadromous fishes under extended jurisdiction (1 October, 1976 to 30 September, 1977)

