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Preface

This report represents the final repoft for the 3-year segment
1970-1973 and the annual report for the contract period 1 October
1972 to 15 October 1973%. The project has been active since 1965,
thus relevant data has been carried forward, added to, and analyzed
in this report. The analysis, however,’remains subject.to later
refinement and possible reinterpretation, because many of the jobs
and objectives will require several additional years of study before
definitive conclusions can be generalized.

The data presented here supercedes similar tables presented in
previous annualbreports because we have now standardized methods
and solidified our attempts at presenting various yearly indices.
The changes in any method of analysis are stated within each sub -
section. This report, therefore, contains earlier data adjusted
with derived correction factors so all units have the same base
and assumptions.

References to this report should clearly state that it is a
progress report subject to continued refinement with additional data.
The conclusions and suggestions do not reflect irrevocable positions
by VIMS or the scientists responsible for the research. The National
Marine Fisheries Service retains the perogative to interpret our
findings independently and this document should not be considered an
expression of their opinions.

Job 1 was prepared by W. Wilson, and D. Estes, Jobs 2 and 3 by
W. Hoagman, Job 4 by R. St. Pierre and J. Merriner, and Job 6 by J.

Merriner. Jackson Davis critically read the MS and contributed many
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suggestions because of his long association with the project. W.
Hoagman supervised the project this contract year as Principal
Investigator. The pencil drawings were prepared by Janet Green

of VIMS, cover design by W. Hoagman.

LS



IV )

TABLE OF CONTENTS PAGE NUMBER

JOB 1. CATCH-PER-UNIT OF EFFORT AND YIELD IN THE SPAWNING RIVERS

A, James River....eeee... e aeesae e st eeness veese -4
B. Rappahannock River.....ceveeeosrerseracanocconcnen oo 1~ 4
C. York River.......... et ireeece et e e . 1-6
D. Potomac River.......... Ceee s Ce e . 1-6
JOB 2. ADULT POPULATION PARAMETERS
A. B Test of Scale Sampling and Seasonality.. cerees 2= 1
B. Estimates of the Commercial Landings by
Two Sampling Programs. ceiane cheeeeens ceeaeaans eo 2-2
C. Mortallty Rates...... e eereeaa e ciesaess 2= 4
D. Changes in Population Parameters of Fish
in the Commercial Fishery 1966-1973..cecvveevn.n eee 2-9
JOB 3. JUVENILE POPULATION DYNAMICS
A. Evaluation of Sampling Scheme....eceeoeeveens veesee 3= 1
B. Year Class Strength, 1973....ccceceacvse .
C. General Index of Year Class Strength.. Ceseaenns . 3-9
JOB 4. COMMUNITY STRUCTURE AND TROPHIC DYNAMICS OF ALOSA
NURSERY AREAS
A. The Rivers and Their General Features.............. 4= 1
B. Sampling Plan.....cceeeecrnrsececeoronaccnnrcnnees . 4-5
C. Nutrients...eevecoos. Ceeeseses et e e ceeesnns 47
D. Standing Crop and Prlmary Product1v1ty ............. 4- 9
E. Alosine Food Habits and Zooplankton in
the NUPSErY ZONE...ssesosecss ceeaes Cieaeesas veevees 4-12
F. Results of Feeding Study........... Cetieeeee ceee. 4-14
1. James RivVer.eeeeveeocsaoesse et ceeees 4-14
2. Pamunkey River.....coeeeoencncvrcrcsens ceeeaees 4=17
3. Mattaponi River.......... PN tereenncnesss 4-19
4. Rappahannock Riveriessesseresrrsenecancons eeees 4-20
5. Potomac River.eeeeeeereneecns O A
Discussion and Summary of Feeding Habits........ eeo 4-23

G
H. Fish Communlty Structure, Competition and
Predation in the NUPSery..eeecseeseescoaeancccasses 4-27

I. Discussion of Community Structure........... ceeeies 4-31
J. Production of Juvenile Alosa Relative to
Nursery Zone CharacteristicSe...ceceerceeveeanne cees 4-32

K. Summary of Job 4..civviveeeennns Ceertsase s .. 4-34




TABLE OF CONTENTS

JOB 6.

DEVELOPMENT OF CULTURE TECHNIQUE

Methods and MaterialS.eseeeesereormorercs

RESULLS e eoarsoassonanonns e

ooooooooooooooooooo

DiSCUSSION e s ssvesosses

---------------

Summary of Culture Experiments

PAGE NUMBER



D

Vi

ABSTRACT

This completion report sunnarizes between six and ten years of

data for the American shad, blueback herring, and alewife in Virginia

rivers. Adult and juvenile population dynamics are central to the

continuing investigation of alosine fishes in Virginia. Feeding

selectivity and culture techniques for alosids are also summarized.

The spawning population of alosids in Virginia has declined to

one-third of its size prior to 1969. Landing by the foreign fishery

coincided with the decline in the Virginia fishery. Growth parameters

implicate the foreign fishery 2s the primary causative factor of the

reduced domestic catches from 1970 through 1973.

Yeap class strength Of a1l species in all Virginia rivers has

similarly declined since 1970. Estimates of the absolute juvenile
populations in early fall were made for 1970 through 1973. Annual
indices of abundance were generated for each species and river.

The sampling program for the juvenile abundance survey has been

progressively streamlined and standardized.
Primary productivity and food regimes in the various rivers were
Usually they consume

compared to food habits of juvenile alosines.

zooplankton in the same proportion'as its abundance in the nursery.
Some species to species differences in prey selection were found.

D1l piveps surveyed were 1ight limited. Differences in primary

productivity, chlorophyll & or nutrients could not be used to adequately
define production of alosines in a given river nor differences in

production betweel pivers.

Culture techniques developed were inadequate toO succesfully rear

alosines from the €g9g through the juvenile stage.
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Introduction

The Anadromous Alosid project at VIMS has as its basic ob-
jective the understanding of the population biology of the

alewife (Alosa pseudoharenqué), blueback herring (Alosaaestivalis),

American shad (Alosa sapidissima) and hickory shad (Alosa mediocris).

All of these species spawn in the freshwate} tidal sections of the
major tributaries to Chesapeake Bay. In these zones (Fig. 1).

the juveniles live and grow until falling river temperatures cause
a mass emigration through the lower estuaries and out to the
Atlantic. The adults return to the ocean after spring spawning
and escapement of fishing gear. Our cover depicts the generalized
 biology of the group. |

The study‘concentrates on the James, York, Rappahannock and
Potomac rivers, although limited spawning may take place in any
small freshwater tributary. The relative productivity of the
rivers as regards yield and year class strength has been assessed
from several approaches. The recent fishing activity of the
foreign fleet, east of Chesapeake Bay has been monitored and its
effect on the inshore run analyzed. These subjects and others
are detailed iﬁ the various séctions.

The spring fishery for the alosids in Virginia historicaliy
averaged nearly 30 million pounds. The four species chépacteristically
heralded the fishing season with American shad and its roe bringing
the highest return. Alewife and blueback find their way to reduction
plants but their roe is often sold separately. Many fishermen

capture the alosids for later use as crab bait through summer.
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The "down run" of adults occurs as 1arge striped bass and bluefish

are making their northerly migration, and serves as an important

food potential for the piscavores. Tn Virginia the adults are

repeat spawners and thus can contribute . to each year class re-

petitively. Overall the fishery is an important economics resource

and supports or contributes toO the success of thousands of individuals

during the season.

Within the nursery zones the juvenile alosids are the dominant

pelagic species. They typically nake up 94 to 100% of our experi-

mental catches iti freshwater. Here they are relatively immune

from the marine piscavores such as weakfish, striped bass and

bluefish which inhabit the higher salinity, lower estuaries during

the warmer months. They are planktivorous through emigration and

thus capatilize on the high productivity of the zooplankton in the
upper rivers. Because of their enormous density and rapid growth,
they must be important nutrient reservoirs. They must, therefore,
carry to sea some fraction of the natural, municipal and industiral
loadings of the upper estuaries but this has not been evaluated yet.

The freshwater resident species utilize the juvenile alosids

as a food source, and as they run to sea in late fall, they con-

piscavores as they pass out of the

tribute to the food of the

Chesapeake Bay mouth. Each year nundreds of millions of young

alosids make this emigration tO sea from the four major nursery

zones.

on of the alosids to the stability of the ecosysten

we are certain they represent an

The contributi

cannot be quantified at present.
iological interactio

n and productivity

important component of the b




pathways, however. Even if a commercial fishery did not exist for

the adults, it would be a resource worthy of protection because of

its biological role. gince the group is very important from many

aspects, it deserves careful study to determinevthe factors which

affect its abundance.

This project has run several years and, is now clarifying the

problems and directing greater emphasis toward understanding the

regulatory factors.
stitute of Marine Science

with such information. The Virginia In
rmed on all the groups.

hopes similar work could be perfo

Management decisions can only be made rationally

it i i S
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Job 1. Catch-Per-Unit of Effort'and vield in the Spawning Rivers.

The anadromous alosids represent an important natural resource to

Virginia and the nation. The Chesapeake tributaries are the main spawn-

ing and nursery grounds. Within the last several years (since 1965, at

least) the catch and actual abundance of fish (alogids) has been declin-

ing. Shad may be the only exception and even river difference of ten shows

reversed abundance in the same year: The Virginia fishermen are naturally

very disturbed. This report begins with our catch estimates to establish

the yields by river through time. Other sections address causes and other

objectives of the program.

Catch-per-unit of effort (c/f) can be used as an indication of the

number of fishes that are present in the river systems. Catch-per-unit-

effort is calculated by dividing the units of active fishing gear into

the total catch for that gear. catch is measured by obtaining records of

the catch from some units of each type of gear in each river system.

Total catch is then calculated Dy multiplying the catch of the index

units by the number of units operating. Effort is measured by counting

active pound nets during semimonthly serial surveys. Stake gill nets are

counted by boat during the peak fishing period.

Yearly catch-per-unit-effort is calculated by dividing the units of

active fishing gear, at the peak, into the total catch for that gear for

the season. This gives a seasonal c/f unadjusted for lifts or nights out,

that provides some measure of fishing success by river and species. The

¢/f within a season is calculated by multiplying active pound nets by

days out to determine net days- Then net days, divided  into total catch

for the semimonthly period, give semimonthly c/f by species. All rivers

could not be analyzed this way, because some did not have pound nets

fished over the entire years
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From 1968 to present, the actual length of each active gill net was

determined by counting the number of stakes with mesh between. Between

two stakes (poles or net supports) there is 20 feet of mesh, thus (x-1)

20 ft = length of gill net in feet, when x = number of stakes.

Since 1967, the effort in the Virginia pound net fishery has declined
sharply (Table 1.1, Fig. 1.1). During-the peqk fishing period, late April

and early May the 1973 average (196) fell %% below that of 1972 (217) and

35% lower than the 1967 count (305)-

However, stake gill nets, primarily for shad, have become more

numerous since 1967 (Table 1.3). From 1967 to 1970, the number of nets

remained fairly constant in the James and York rivers, but decreased.

slightly in the Rappahannock River. In 1970, there was a decline in gill

Nets in all Virginia rivers, but this was due To severe ice conditions
during the late winter, which destroyed a number of stands. Since 1970,

n increasing in the James and York rivers and

911l net stands have bee

remained relatively constant in the Rappahannock River. The total number
of nets (345) has been increasing and in 1973 there were 61% more than
in 1967 when there were 90. The c/f for gill-netted roe shad in the three
Tn 1969, the c/f was 20,425 1b

rivers has been decreasing since 1967 .

compared to 13,113 1b in 1973. The highest c/f was in 1970 (28,399 1b)
and the lowest in 1973. The James and Rappahannock rivers have been de-
Creasing, while the York exhibited somewhat of an increase until 1971,

and has been quite stable since- Buck shad were generally not included
at the net because of poor market

in ¢/f as they are sometimes discarded

Value.
of catch records (Figf 1.2, 1.3) in the three

Seven-year averages
ne run for both roe and buck shad. The

Tivers .show the peak periods in €
Deak ocoups in the £irst nalf of ppril for roe 'shad in all rivers. The
£ Apfil followed by the York River

James River peaks around the first ©
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and then the Rappahannock River. Peak runs for buck shad occur from mid-

March to mid-April. The vork River peaks first, followed by the James

River and then the Rappahannock River. The early peak in the York River

and the later drop may be due to the fact that these statistics only

include those fish brought to the janding. Later in the season, buck shad

are usually discarded at the net, as their value decreases. The 7-year

averages also showed that the James River catch is more than double the

catches of either the York or Rappahannock rivers. Sex ratios have con-

sistently favored the females in all pivers (Tables 1.4, 1.5 and 1.6).

In 1969, the sex ratio was 30.5/1 in the York River. The 7-year average

catches favored females by more than 2/1 in all rivers and in the York

River was over 8/l. This reflects the practice of discarding bucks at

the net, but to what degree is not known.

i




A. James River.

The James River generally has very few active pound nets. Since

1967, during the peak fishing periods of the year, the lowest net count

was in 1972 (0) and the highest in 1967 (4). In 1973, there was one

pound net in operation.

Gill nets for shad are the primary‘fishing gear in the James River.

The number of stands has remained fairly constant since 1968 (95) show-

ing only a slight increase through the years, reaching a high in 1973

(115)(Table 1.3). The lowest number of gill nets was observed in 1970

where only 65 stands were counted, but in 1971, there were 99 stands.

The yearly c/f has steadily declined since 1970 with the highest c¢/f of

roe shad in 1970 (24,912 1b) and the 1owest c/f/season in 1973 (9,383 1b).

Still, the James annually accounts for more than 70% of the gill net catch

in the James, York, and Rappahannock pivers. From March 7 to April 30, 1973

gill nets used as indices in the James River caught an estimated 1,910,656

b of Amepican ahad (1,075,020 1b voe and 635,636 1b buck shad)(Fig. L.

and Table 1.4). Peak catches occurred during late March and early April

in 1973 (Fig. 1.5) for both sexes as in other years (Fig. 1.2, 1.3).

During the period from March 23 to April 6, 1973, 1,433,038 1b were

caught, 75% of the total catch for the year. Sex ratios during the

early part of the run favored bucks slightly while the later part of the

run favored roe shad. The catch of Bmerican shad has been fairly stable

in the James from 1969 to 1973

B. Rappahannock River.

During the period from 1967 to 1973, the nunber of pound nets fished

period in the Rappahan
The c/f has declined steadily for all alosid

during the peak nock River remained relatively con-

stant, with 48 to 54 nets.
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fishes. The highest c/f of shad was in 1968, when 5,956 1b were caught,

and the lowest was in 1973 (467 1b)(Table 1.7, 1.8). The highest c/f of

river herring (alewife and blueback) occurred in 1967 (85,577 1b) and

the lowest was in 1970 (9,125 1b)(Table 1.7). Total landings bypound nets

of American shad

'1960's. The largest catch of American shad was taken in 1968 and the

lowest catch taken in 1973 (Fig. 1.6). The largest catch of river herring

from 1967 to 1973 was 4 million pounds in 1967, and the lowest was in 1970

when 465 thousand pounds were taken. From 1970 to 1973, the river herring

catch has remained low (Fig. 1.7)-

Stake gill nets in the Rappahannock River have decreased slightly
since 1968 (Table 1.3). The highest nunber of nets were recorded in 1968
(144) and the lowest in 1970 (94). The nunber of nets in 1973 (100) de-
Clined 12% from 1972 (114). The c/f of roe shad increased during the
years from 1968 to 1971, but in 1972 and 1973 c/f dropped off drastically.
' The 1973 o/ (365 1b) was 90 Lolow that of 1971 (3,528). The 1971 c/f
Was the highest from 1968 tO 1973 and the lowest c/f was in 1973.

The estimated catch of BAmerican shad from stake gill nets in the
Rappahannock River was 55,630 1b (35,508 1b of roe and 19,122 1b of

buCk)(Pig. 1.8, Table 1.6). peak catches occured during late March and
early Appil. Another peak occurred during mid-Bpril after a slight drop
shad at all times except in

in earlier catches. SeX ratios favored roe

the first 2 weeks of the run:

catch of buck American shad occurred in 1971 and

Highest estimated
the lowest in 1973 gighest estimated catch of roe hickory shad occurred

in 1970 and the lowest in 1968 (Fig. 1+ 9)-

and river herring have declined considerably since the late
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C. York River.

Pound nets in the York River were not suitably positioned during 1973

to serve as indices of the run of shad or river herring. Most nets in

the York River are situated at or near rhe mouth of the river. Thus the

fish captured may not be exclusively those fish that are entering the

river to spawn.

Stake gill nets in the York River caught an estimated 436,461 1b of

roe American shad, 53,276 1b of buck American shad, and 13,268 1b of

hickory shad (probably roe) in 1973 (Table 1.5, Fig. 1.10). From 1971

to 1973, the catch has been consistently high. Peak catches again oc-

curred in late March and early ppril (Fig. 1.11). Roe shad were the

predominant sex found throughout the rui- This may be due partly be-

cause many buck shad were discarded at the net due to low market

value.

Highest c/f of roe American shad by stake gill nets in the York

River since 1967 occurred in 1971 (Table 1.3) and the lowest in 1969.

Highest estimated catch of roe american shad occurred in 1973 (Table 1.5)

and the lowest in 1970. Highest estimated catch of buck American shad

occurred in 1971 and the lowest in 1969. Highest estimated catch of

roe hickory shad by stake gill net in the vork River since 1967 occurred

in 1973 and the lowest in 1968.

D. Potomac River.

above mile 15, the catch of river herring

722,833 1b in 1972 to 1,384,773 1b

In the Potomac River,

(alewife ard blueback) declined from 4,
in 1973 (Table 1.9). The o/f in 1972 for river herring was 102,457 1b
and 49,492 1b in 1973,Aa decline of 529 from 1972. Highest catch of
river herring from 1967 to 1972 (Fig. 1.12) occurred in 1967 and the

e Potomac River declined

ch of American shad in th

lowest in 1973%. The cat
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from 420,986 1b in 1972 to 203,659 1b in 1973, however the catch from 1967
to 1973 shows no revealing trend (Fig. 1.13). Highest catch of roe
American shad occurred in 1972 and the lowest in 1970. Highest catch of
buck American shad occurred in 1968 and tﬂe lowest in 1973.

In Virginia rivers, the fishery for anadromous alosids has declined
rapidly. While there is some increuse in the gill net effort to catch
shad, the c¢/f for shad has declined considerably since 1970. The 1973
c/f was 63% of 1972 (Table 1.3). The effort in the pound net fishery
has decreased since 1967 (Table 1.1). There has been a decline in the
c/f of all alosid fishes caught in pound nets. The decline and most

probable reasons are more fully explained in Jobs 2 and 3 of this report.
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ke Bay and tributaries,

Table 1.2. Number of pound nets in Chesapea
spring, 1973. counted from low flying aircraft, only
active nets included.
Feb Map Mar Apr Apr May May Jun Jun
Area 17 15 3 19 4 17 5 21
James River 0 0 1 1 1 0 0 0 1
York River 2 3 3 7 6 / 6 6 6
Rappahannock River ¢ o7 43 50 57 51 38 25 6
Potomac River . o 1 0 e 47 29 39 L
Cape Henry to
Willoughby Point 3 3 4 3 03 5 6 4 4
0ld Point to )
Tue
Marsh Point 1 1 4 5 6 4 4 5 5
Back River 0 ) 5 5 5 5 g 5 5
Poquoson River 2 2 2 2 2 2 2 2 0
York spit 0 0 0 2 3 3 1 2 5
Mobjack Bay s 1 2 2 3 3 5 5 1
to
Stingray Point 2 4 g 16 21 20 18 22 I8
Plankatank River 1 1 3 3 4 4 4 4 3
Windmiy ;
11 Po
Smith Poiizt e 8 9 21 25 31 30 17 21 14
Great Wicomico River O 0 0 1 0 0 1 4 3
Easter
Shore-N. of )
Hungar Creek o o 0 0 00 o 0o 1
EaStern
Sh TOe
Hungar Crook * , 2 4 7T 19 2 7
Total 7 57 109 156 191 200 159 164 100
S

———
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Table 1.7. Yearly c/f of the pound net fishery in the Rappahannock River,
1967-1973, in pounds/net/season.

c/f A1l Species
Year Roe Shad Buck Shad Alewife Blueback Combined
1967 2,137 2,122 26,552 59,025 89,836
1968 2,439 3,517 24,463 7,968 38,387
1969 1,716 3,196 15,897 7,066 27,875
1970 490 | 647 7,120 2,005 10,262
1971 619 492 8,261 8,561 17,933
1972 511 258 8,174 5,456 14,399

1973 242 225 6,393 ' 10,230 17,090




1-28

Table 1.8. Catch by pound nets (in pounds) in the Rappahannock River, 1973.

1.

American Shad

Roe Buck
Av. No. No. Days Av. Catch Estimated Av. Catch Estimated

Date of Nets Fished Index Nets? Total Catch c/f Index NetsZ2 Total Catch c/f
March

5-15 21 9 2.6 491 23 13.6 2,570 122
March

16-31 35 8 5.9 1,652 47 12.6 3,528 101
April

1-15 37 7 27.3 7,071 191 10. 4 2,694 73
April .
l6-31 37 8 10. 3 3,049 82 8.9 2,634 71
May

1-15 35 6 1.6 336 10 1.3 273 8
May

16-25 27 7 - - - - - -
Total 12,589 +11,699

L Only nets between RA-10 and RA-55 were sampled.

2

Catch per day out.
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Table 1.9. Total Alosa catch and catch-per-unit of effort by pound
net (in pounds) by month in the Potomac River, 1973.(1)
Bmerican Shad
March April May June Total

Catch

Roe 2,919 117,856 36,459 221 157,455

Buck 3,104 . 28,256 14,297 511 46,168
Combined Total 6,023 146,112 50,756 732 203,623
Catch-per-unit

of effort

Roe 265 2,619 1,258 20

Buck 282 628 493 46

Herring
March April May June Total

Catch

Alewife 40,300 169,942 318,130 22,165 550,537

Blueback 40,297 568,936 136,341 88,662 843,236
Combined Total 80,597 738,878 454,471 110,827 1,384,773
Catch-per-unit

of effort

Alewife 3,664 3,776 10,970 2,015

Blueback 3,663 12,643 4,701 8,060

(1) Above mile 10 only



Job 2. Adult Population Parameters

A. A Test of Scale Sampling and Seasonality.

In previous years we have sampled fish caught by two fishermen (opera-
ting_five to seven nets) din all rivers. In 1973 we began obtaining
samples from three fishermen semimonthly in the Potomac and Rappahannock,
and continued with two fishermen in the York, James and Chickahominy. We
took 50 pounds of mixed catch from each fisherman to better determine the
species ratios of alewife and blueback in the Potomac and Rappahannock.
Fifty American shad and hickory shad were sampled concurrently.

From these fish, we took scales and common measurements from 50 of
each species. From 1967 to 1970, we read 50 scales per species for each
semimonthly period, but questioned the adequacy of this sample size. 1In
1971 and 1972 we took scales from an additional 50 fish in each sampling
period. However the samples of 100 fish did not provide more precise
information than did samples of 50.

As a test we separated the 1971 blueback collection into two groups
of 50 each. These two groups were read independently by two persons, the
readings combined into first or second group, and the two groups were
compared over the entire season. The test fish were taken from Rappahannock
pound nets from 15 April to 9 June 1971. The nine sampling periods should
have produced 450 of each group, but some samples were unreadable so we
obtained 443 first 50's, and 447 second 50's. Full data from the test
readings are given in Tables 2.1 and 2.2.

The seasohal summary showed no difference between the first 50 scales
read and the second 50 (Fig. 2.2). There was some variability within semi-

monthly periods (Fig. 2.1) but no trend was evident. The mean age from the
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first 50 was 4.742 years, and the second 50, 4.747 years. The assumption

that 50 fish were drawn randomly from a large sample of blueback, was tﬁus
nearly perfectly met. From this we concluded there was no need to gather

100 scale samples, and discontinued the procedure during the 1973 sampling
season. |

The sex ratio changed seasonally in 1971. The first third of the run
had equal numbers of males and females, the second third had slightly more
females, and the last third had distinctly more males (Table 2.2). The
overall sex ratio was 1.22 & to 1.0 2.

The age structure did not change seasonally. Age V's were dominant
throughout for both males and females.

For age composition analysis, two large samples taken anytime during
the run would serve as well as the nine samples of 50 (or 100) taken
throughout the season. For estimates of sex ratios, and species composi-
tion, the entire run needs to be sampled.

We believe the 1971 run was normal (Fig. 1.5) and rveflects the general
condition. Alewife and shad may display greater variability within sampling
period, or even some seasonality of age composition and sex ratio. We will

test these species this year.

B. Estimates of the Commercial Landings by Two Sampling Programs.

The Alosa project has as one of its objectives, the estimation of the
pounds and number landed, by river, of the three primary species (blueback,
alewife and shad). These data are gathered semimonthly from the start of
each seaspn by taking samples of the commercial catch, and used with
aerial net counts and log books placed with cooperating fishermen. These aré

used to generate numbers in the run by age and total pounds landed within



the spawning river. We sample from mile 15 upward in each river because
we want fish that have selected their river of spawning.

In 1971 the National Marine Fisheries Service began a program of
sampling the alosids (and other groups) by dockside sampling of landings
from the lower Potomac River, the Chesapeake Bay and the lower Rappahannock
River.

The Potomac, Chesapeake Bay near Reedville, and the Rappahannock
account for practically all of the commercial catch of alewife and blue-
back in Virginia. If the NMFS sampling program of 1971—1973(1) ref lected
the run of these two species, and the program covered the entire run, then
the ratio between alewife and blueback should be approximately the same
as our data combined for the two rivers.

The ratios were very dissimilar (Table 2.3). 1In 1971 the NMFS ratio
of alewife to blueback was 0.0812, and VIMS was 0.2212; in 1972 the ratios
were 0.8174 and 0.6059, and in 1973 they were 0.2150 and 0.6463. The NMFS
program began in late April 1971 and continued through May. This w%s well
after the main alewife run and could account for the disparity. In 1972
and 1973 the NMFS sampled from February through early June, but the ratio
was close only in 1972. 1In 1973 the Potomac had an early run of alewife
but the fishermen in the lower river did not fish. The NMFS report for
1973 shows one Potomac sampling location and landings of 539 MT of blue-
back and only 87 MT of alewife. Because the run was small overall the
fishery only operated for about 3 weeks. Similarly, -another Potomac

landing point showed 126 MT of blueback and only 21 MT of alewife..

(L) an appraisal of the 1971 Chesapeake Bay herring fishery, by M. L.

Parrack, NMFS, Woods Hole, Mass. 18 pp (unpublished MS).
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NMFS samples from the lower Rappahannock showed landings of 734 MT
of blueback compared to 263 MT of alewife in 1973. 1In 1972‘the catch at
the same landing was 460 MT of blueback and 1,086 MT of alewife. For the
years 1972 and 1973 the NMFS sampling program and VIMS detected the same
reverse dominance in the Rappahannock. The ratio between alewife to blue-
back in 1972 was: 1.498 (VIMS) and 2.31 (NMFS) and for 1973; 0.625 (VINS)
and 0.358 (NMFS).

Of the fishermen that have nets above mile 15 in the Potomac and
Rappahannock, some land their fish at plants that NMFS sampled. Thus the
two sets of estimates are not entirely distinct and the total run cannot
be pooled from the two. Our objective is to determine the épecies composi -
tion and landings of the spawning run in each riverj; whereas the NMFS
program determined the species composition and the total landings for the
state. The NMFS program provided valuable data to help complete the
analysis of river herring in Virginia, but we cannot use it to determine
spawning run composition by river, such as in Table 1.5 and 1.7 (Job 1).
The ratio between alewife and blueback is apparently very different in the
lower rivers and bay proper, compared to their ratios in the spawning river.
Furthermore American and hickory shad were not detailed in the NMFS program,

so we must rely exclusively on our sampling program for these species.

C. Mortality Rates.

Our program uses samples of the commercial catch to detemine age
structure and spawning history. From measurements of weighf, log book in-
formation, and species ratios we can estimate mortality rates by spawning
class and between years by deriving ¢/f estimates by age. Alewife and

blueback are combined into a single group called river herring because
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NMFS does not separate the species in their landing statistics, nor does
the offshore fleet. We further combine the catches from the Potomac and
Rappahannock rivers because the vast majority are captured there.

The virgin spawners typically make up approximately 55-70% of the
entire catch (Table 2.4). The c/f estimates of this group are followed
each year as the fish spawn in successive years, yielding annual mortality
estimates (a) by spawning group (Table 2.5). The average c/f for the 0
spawning group (virgins) has dropped considerably since 1965-1968 and in
1973 it was only 27.6, the lowest on record. The highest was an average
of 122.9 fish per net in 1967 and in 1965 the index was 122.5. Since
1970, no year had an index greater than 37.0.

The calculated mortality rates between first spawning and the second
increased steadily from 1965 to 1968, rising from 54.1% to 80.3%. In 1969
the annual mortality as measured by our statistics, dropped to 53.7% and
rose again from 7-85% per year from 1970 to 1972 (Table 2.5). The mortality
rates are calculated from the ratio of the c¢/f's for ones/zeros, twos/ones,
etec. The low 1969 value is attributed to low abundance of the virgins
returning to spawn, because their c/f was well below 1968 and 1970 virgins.
The 1968 spawning class had an index of only 18.9 in 1969 compared to fish
of spawning class I of 29.5 in 1968 and 28.4 in 1970 (Tablé 2.4). The
1967 spawning class, at its third spawning in 1969, had an index of 7.5
compared to the third spawning of the 1966 class of 20.7 and the third
spawning of the 1968 class of 16.4.

These figures show quite conclusively that 1969 was a poor year not
~because of year class failure, but because the three dominant spawning
classes experienced heavy mortality before the. 1969 spawning run. The

Virginia catch, and c¢/f by spawning class in 1969 was below normal
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(Table 2.4). We believe the heavy mortality was directly due to the 24
million pounds captured by the foreign fleet in spring of 1969 (Table 2.6).
The year before (1968) the foreign fleet (in ICNAF Subarea 6) took only
2.6 million pounds. In 1970 the fleet took 14.8 million pounds, and in
1971, 20.8 million pounds.

The mortality of 53.7% for Bge O fish between 1969 and 1970 does not
provide any clues by itself, and after 1969 the mortality rates merely
indicate the differences between years of a depressed population. The
mortality rates calculated from the spawning run fish show their decrease
in nunbers only after the age of 4 or 5 (first spawning). If these fish
are exploited heavily at sea before first spawning, the mortality rates
could stabilize at relatively moderate levels from age 50 to 9 and the
population could continue to be low. For example, if prerecruits experi-
ence a higher fishing mortality at sea (before first spawning) than the
adult fish after first spawning,-the age 5-9 mortality rate could even
drop to 30-50% per year and the populations still be under too heavy”
exploitation.

In 1971 the USSR agreed to limit its catch of river herring in ICNAF
subarea 6, to 3,000 MT (6.6 million pounds). However, East Germany took
5,794 MT (12.8 million pounds) in 1971. The foreign fleet usually fishes
between Cape Hatteras and Delaware Bay during February and March. Their
catches could contain significant quantities of river herring migrating
toward the spawning grounds in'Chesapeake Bay. The foreign fleet usually
moves northeast as sea temperatures rise, reaching Georges Bank in June.
The migratory pattern of river herring is not well known at sea, however
we know they move NE after spawning in Chesapeake Bay. Thus the mature
adults could experience prespawning ocean fishing mortality; aﬁd;the pre-

recruits and post spawning adults could be continually fished to some

extent because of their migratory behavior.



We have no information on age structure of river herring captured
by the foreign fleet. The Soviet Union has agreed to provide scientific
information to American researchers, but to date these data has not been
received. It would be important to know, for example, the frequency dis-
tribution by age of the 2,000 MT captured in 1971 and 1972 by the Soviets;
or perhaps the time versus catch composition during the fleet migration to
the NE. If distinct stocks of river herring exist at sea, these may mingle
before migration or run separately to particular spawning grounds. It
seems most probable that the foreign fleet catches would typically be
dominated by mature adults destined to spawn in Virginia, and prerecruits
that would spawn within the next two years in Virginia.

The mortality rate increased steadily from 1965 to 1969, fell to 39.7%
between 1969 and 1970, then rose to 87.1% between 1970 and 1971. From 1971
to 1972 the mortality dropped from 87.1% to 68.9%. The low 1969-1970 value
(Table 2.5) to 39.7% was partially due to the presence of a strong year
class appearing as 0 group fish in 1970, after the poor year of return in
1969. These fish were heavily exploited before the next spawning (86.5%),
but still gave a c/f index of 14.8 as group I in 1971, and a c/f of 4 as
group II in 1972 (Table 2.4).

The Virginia fishery has not increased or decreased efficiency to bias
the ¢/f values, and we suspect the same proportion escapes during both
low and high abundance. In theory the total effort of the spring fishery
has declined, however (Table 2.4). The pattern of a (or M) and changing
c¢/f could be due to reproductive failure but evidence presentéd in Job 3
does not support this. The increase in foreign fleet catch parallels the
change in population patterns described here and below, and the timing of
of the abrupt changes in ¢/f spawning'group anlicates the foreign fleet

further as contributing to an-overexploited fishery.



The inverse relationship between Virginia landings and foreign
fleet landings (Fig. 2.6) from 1968 to 1972 further suggests a dir-
ect negative effect on Virginia fishermen due to offshore fishing.

Section D (follows) explores this in greater detail.
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D. Changes in Population Parameters of Fish in the Commercial Fishery

1966-1973.

An unfished stock has a collection of population parameters that re-
flect the stability of the stock. These measures include the average
length, average weight, average age, and the age composition. Under ex-
ploitation these parameters change and such change can often be used to
determine mortality rates and rate of exploitation (Ricker, 1958). The
most typical changes are for average length, weight and age to decrease.
With the increase in foreign catch all of these parameters shifted abruptly
downward.

Between the point of no fishing and too much fishing, there are an
infinite number of equilibria between fishing effort and stock size, one
of which is the maximun sustained yield. At MSY the stock is merely at
one level in its equilibriun recruitment potential. Thus by following the
population parameters, clues to the MSY relationship can often be determined
exclusive of the yield models of Beverton and Holt (1957), Ricker (1958) or
Schaeffer (1968).

We have summnarized the data bank for alewife, blueback, and American
shad from 1967 to 1973 to detect changes in the basic stock parameters of
the spawning runs. These data are detailed in Tables 2.7-2.10. Except
for a one-third reduction in effort, there has been no change in the com-
mercial fishery for the clupeids in Virginia or in the Potomac River. The
alewife, blueback and shad are fully vulnerable to the gear.from their firprst
spawning run onward and there are no size limits.

1. Change in" length. The average length of alewife and blueback in the

Potomac Rlver fell sharply from 1968 to the 1969 spawnlng run (Flg 2.3).

Blueback contlnued to fall in 1970 From 1970 through 1973 both species




2-10

regained their pre-1969 length, however alewife fell sharply between 1972

and 1973. Rappahannock River fish did not show the pronounced 1969 decline.

Alewife average length rose steadily after 1969, reaching a peak of 256 mm

in 1972. Blucback fell steadily £rom 1966 fo 19715 wose Sharply in 1972,

then leveled off (Fig. 2.4).
elded 2-9 times as many river

The Potomac River since 1965, has yi
herring as the Rappahannock River and thus represents better the conditions
of the entipe stock at sea. We have postulated ecarlier (Davis et al., 1973)

that the viver herring stock, as a whole, was not overexploited because
domestie plus foreign landings have remained near previous levels. This
View was apparently incorrect pecause with 1972 and 1973 data, and the

Analysis of popuiation parameters in this reports it now appears the river
herping were over-exploited from 1969 to 1971. The foreign fleet took huge
Quantities in 1969 and 1970 and this increased effort offshore reduced the
vailability of fish inshore- The change in average length in the Potomac
Riven clearly marks this offshore (prespawning) take. From 10,350 MT in

rea 6) droppe
bled the stocks to re-

2 MT i
1969 the foreign CatCh (j_n ICNAP SUba d to 4‘,97 T in 1972

(Table 2.g). nis decreased fishing PTessure ena
DUild themselves and average length peturned to former levels.

2. ase in average fish length in the Virginia

Change in weight. The decre

an adjustment in average weight

Q .
OMmercial catch was not comPensated by
ploitation. Tn 1969 the average alewife

hi

°T the years of heavy offshore ex
Weight dropped to 184 from 009 g in 1968 . Blueback weight fell from 205 g
in 1968 to 175 g in 1969 (Fig- 9,5)., After 1969, the average weight of

g levels. The foreign fleet captures

both Species climbed back tO pre-196
DrespaWning river herring between January and April when they are congre-
Jateqg off the Virginia coasts Thus weé would not expect any growth compen- il
¥ arrive in Virginia. .  ;}J;

S .
Ston in the short interval pefore the
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The decline in average 1ength and weight and subsequent return to

n : .
ommal with less fishingis an important feature ih understanding the stock

Potential of river herring. If the combined fishery had not taken fewer

each year would have been made up of a greater

fish §
ish in the period 1970-1973,

Proportion of small fish. This certainly would have compounded the problem

and led to a distinct case of fishing beyond MSY.

3 A commercial fishery which captures all ages

Change in age composition.

Proportionate to their abundance would reflect 1ittle change in age composi-

ti . . .
lon at various stock equlllbrla pPOV1ded pecruitment remalins fairly stable.

A .

sudden increase in exploitation ysually increases the mortality of the

0 .

lder age groups the most. The sudden decrease in average length and weight
{tment, but rather the elimination

does not appear the result of lower recri
°f the older age groups. BAge yII alewife were always present before 1969
but none wepe in our sample of the 1969 yirginia spawning run (Table 2.8).
Age VIIT blueback similarly had always been present, but were absent in

in present.

o
9%9. . From 1970 to 1973 these age groups were aga

& dden change in sex ratio was evi-

No trend OT su

atch 1966-

Change in sex ratio.

dent iy the Virginia comnercial € 197% (Tables 2.8 and 2.10).
Even ip 1969, the offshore fishery apparently took equal proportions of

ntial, from this aspect, did not con-

g
les and females. The spawning pote

tribute to the long-term decline in yirginia 1landings .

The analysis of key population para-

5. '
Summary of parameter analysis-
s of man

et _ : 1 .
ers has involved many thousand nours collecting scg es, reading

We have presented the entire data bank

e 1966, tO gain insight into the major events. Of
2

jval of the forel

presented full details

the
M, and summarizing the data:
Oy .

the project, sinc
94t impoptance has been the art gn fleet and its impact
on

the coastal fisheries; and have therefore,

a\}a'
1lable from our program:
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For alewife and blueback (river herring) there has been a pronounced

Stock-wide effect that can be directly related to increased exploitation

by foreign nationals. What was formerly being cropped by domestic fisher-

men, was taken by the foreign fleet pefore these fish returned to spawn in

the Chesapeake Bay tributaries.

More seriously, however, the stock apparently was fished beyond maxi-

Mum sustained yield in 1969 and 1970.‘ This resulted in an immediate change

In population papameters and required three to four years to return to

Normal. The Vifginia 1andings have not returned to nornal though. We

Suspect that 1969 was the bfeaking point. From the 50% adult abundance

in 1969, the year class strength was probably affected. The majority of

these fish would first return in 1973- put 1973 produced very low yields

in Virginia even though the basic population parameters of the adult stock
"W appesrs identical to 1966-1968 (Fig. 26)-

Average length and weight has now returned to "mormal® levels yet
1972 apg 1973 were years of 10w gield in yirginia. If the age structure
| Were sti71 depressed, the only exp lanation would be increased growth rate
*QOmPensatofy 6 lower stock density- However, the age structure has also
“eturneqd to noﬁnal (Table 2.8 and n.10) with equivalent sizes at age.
TherefOPe while some growth compensa ti0n is not entirely ruled out, we
believe the stock is presently stabilizing at a much lower abundance.
Pishing mortality probably operates proportional to all age groups in

is probably greatest on the prerecruits.

Vi g '
9inia, whepeas offshore it
Samples of fish from the yirginia catch could continue to show a stable

undance may remain low as the stock

a «Q
ge Structure, but the absolute ab

"
teb uilds . n
70 to 1972, but a good year class was

Year class strength fell from 19

This may herald a return to

Produced in 1973 (éee Job 3 this peport) .




previous population levels if these fish are not exploited heavily at
sea.

The total river herring catch (U.S. and foreign) in 1972 was 15,120
MT, the lowest on record (Table 2.6). Virginia and North Carolina land-
ings in 1973 fell 30% from 1972. The 1966-1971 USA catch averaged 22,770
MT, whereas the total catch 1966-1971 averaged 24,552 MT. Our population
data and c/f estimates show both épecies were overexploited in 1969 but:
subsequent years showed a return to former levels of length and weight.
The 35,302 MT téken in 1969 (all landings) hurt the fishery in all cate-
gories. This take apparently exceeded the MSY for river herring. In
1970, 1971 and 1972 the take of 21.5, 21.2 and 15.1 MT allowed the stock
some rebuilding time.

We can, therefore, predict with some confidence that the MSY of river
herring, under present environmental conditions, is between 23 and 28 MT
per year. Landings above this (during normal recruitment) will force the
stock down and landings below this will allow rebuilding. Exceptional
year classes will always allow greater take, and poor year classes will
yield less.

Of major concern to the domestic fishermen is who will take the fish.
The foreign fleet, since 1969, has taken 31 to 44% of the entire river
herring catch. Even the low foreign catch of 4.972 MT in 1972 represented
33% of the total landings. Tﬁus the broportibn of the landings taken by
foreign national has not changed since 1969 (Table 2.65.

To support an MSY of 23-28 MT the total stock must be stable at 57
to 70 MT, if we use a conservative annual mortality of 60%. With greater
knowledge of recruitment and how it, in turn, depends on year class
strength, we should soon be able to estimate stock size a year in advance.

By do doing we can then estimate the maximum landings that could be taken
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Wit ,
ithout damaging the stock. This could le

ins . .
ure maximum landings through time:

ad to some quota system and
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Table 2.1. Summary of age distributions and spawn check distributions of
blueback from the Rappahannock River - 1971.
Coll.# Age Group No. Spawn Checks
Date 3 4 5 b / 8 9 0 1 2 3 4 n
RAQO7 1st 50 0 15 25 9 1 0 0 25 17 7 1 0 50
15 Iv 71 2nd 50 1 16 25 6 2 0 0 25 16 8 1 0 50
RAOO8 1st 50 1 10 30 8 1 0 0 18 24 7 1 0 50
21 Iv 71 2nd 50 0 18 27 5 0 0 0 26 20 4 0 0 50
RAOO9 1st 50 1 11 33 4 1 0 0 24 19 6 L 0 50
28 IV 71 2nd 50 1 14 29 6 0 0 0 23 21 b 0 0 50
RAO10 1st 50 0 25 23 1 0 0 0 33 15 1 0 0 49
5V 71 2nd 50 1 25 22 1 0 0 0 33 15 0 L 0 49
RAOL1 st 50 O 20 26 3 0O 0O 0O 3 10 3 0 0 49
12 vV 71 2nd 50 0 18 26 4 0 0 0 29 16 3 0 0 48
RAO12 lst 50 0 19 25 4 1 0 0 26 17 5 1 0 49
21 v 71 2nd 50 0 19 27 4 0 0 0 24 21 5 0 0 50
RAO13 lst 50 0 22 25 2 1 O O 29 18 3 0 0 50
28 V 71 2nd 50 0 14 27 S 2 0 1 27 15 6 1 L 50
RAO14 lst 50 0] 19 23 4 1 1 0 25 16 5 1 1 48
2 VI 71 2nd 50 0 17 30 2 1 0 0 29 18 3 0 0] 50
RAOQ1S 1st 50 0 22 23 3 0 0 0 25 21 2 0 0 48
9 vl 71 2nd 50 0 18 28 3 1 0 0 28 19 2 1 0 50
Grand Totals 5 323 473 75 12 1 1 485 318 76 9 2 443
447
Totals 1st 50's 2 163 233 38 6 1 0 241 157 39 5 1
2nd 50's 3 160 240 37 6 0 y 244 el 37 4 1
- " o a B 890
Mean Age (1lst 50's) = 4.742 % 54.5 35.7 8.5 1.0 0.3

il

Mean Age (2nd 50's) 4,747
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Table 2.2. Age composition by sex for 890 blueback, Rappahannock River - 1971.

Age Group Sample Ratio
3 4 5 6 7 By Sex
M F M F M r M F M T M T

RA0O07 1st 0 0 11 4 13 12 4 5 0o 1
15 IV 71  2nd 1 0 8 8 13 12 1 5 11

Total 1 0 10 12 %6 94 5 10 1 2 52 48
RA0OS lst o 1 g8 2 14 16 4 4 o 1
21 TV 71  2nd o 0 11 7 10 17 3 2 0 ©

Total 0 1 19 9 24 33 7 G 01 50 50
RAO09 1st 1 0 5 6 15 18 3 1 0 1
28 IV 71  2nd 1 0 7 7 18 11 1 5 0 o0

Total 2 0 12 13 33 29 4 6 01 51 49
RAOLO 1st 0O 0 10 15 7 16 1 0 0 0
5V 71 ond 1 0 16 9 12 10 1 0 0 o0

Total 1 0 26 24 19 26 2 0 00 48 50
RAOL1 1st 0 0 10 10 11 15 0 3 0 ©
12 V 71 ond 0 0 5 13 14 12 2 2 0 o0

Total 0 0 15 53 25 907 0 & 00 42 55
RAO12 1st 0 0 12 7 8 17 1 3 o 1
21 V71  2nd 0O 0 12 7 7 20 1 3 0 o0

Total 0 0 24 14 5 37 2 6 0 1 41 58
rn013(8)  1st O 0 13 9 20 5 0 2 0 1
28 V 71  2nd 0 0 12 2 20 7 3 3 0 2

Total O 0 7% 11 70 12 3 % 0 3 68 32
ra014(P) 15t O 0 14 5 15 8 2 92 o 1
2 VI 71  2nd 0 0 12 5§ 24 65 1 1 0o 1

Total 0 0 26 10 39 14 3 3 0 2 69 29
RAO15 1st 0 0 16 & 15 8 0 3 0 0
9 VI 71  2nd 0 0 13 5 21 7 2 1 1 0

Total 0 0 29 i1 36 15 2 4 T 0 68 30
Grand Totals 4 1 195 127 257 217 30- 45 9 10
Combined ‘ 5 320" 474 75 12 489 401

(a) pius one age 9 female
(b) p1us one age 8 male
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Estimates of commercial landings of alewife and blueback

and the ratios to one another. All landings given in
thousands of pounds.

1971
Ratio

1972
Ratio

1973

Ratio

VIMS Program

Potomac Rappahannock Combined nggg;ed
Alewife Blueback Alewife Blueback Alewife Blueback Alewife giﬁi_
789.8 5,065.4 429.6 445.2 1,219.4 5,510.6 772.1 9,498.0
0.1559 0.9644 0.2212 0.0812
1,618.3 3,104.5 441.4 294.6 2,059.7 3,399.1 4,948.0 6,053
0.5212 1.4983 0.6059 0.8174
550.5 834.2 332.5  532.0 883.0 1,366.2 1,581.6 7,355.2 |
0.6599 0.6250 0.6463 0.2150
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Job .
3. Juvenile Population Dynamics

A. .
Evaluation of Sampling Scheme.

Con ; e g . 5 .
tagion among individuals 1n & three-dimensional sample space

Usual ) ~
ly results in data that follow 3 negative binomial and has high

Varia
nce (Snedecor and Cochran, 1967). In previous years each tow for

Juvens )
ile alosids was 5-minutes long. BY doubling the tow time we reduced
and adopted this unit of effort as

the .
variance of the catch in 1973,

Standarg.
In 1972 we demonstrated that the 5x5 £t Cobb trawl produced mean

Cate :
hes with the same variance as the 10x10 £t Cobb trawl, and the ratios
of +

he species caught were the same for both nets evern when channel and

pavis et ale; 1972). Because of

ShOal
surface stations were compared (
thig '

s> We standardized nets in 1972 and used only the 5x5 ft cobb for all
VeSs . .

€ls; however, the variance<1) continued toO approach 100% of the mean.

The :
usual procedure is to perform data,adjustment with the log or square

transformation before the variance 18 computed - with such data trans-

ation is often lost,

rmed the following experiment

ma t1 . .
ation, reality of catch inform making comparison

betw
€en years more tenuous. Tn 1973 we perfo

bef
0
re the full scale survey began
On July 10 and 11, 1973 the R/V Brooks nade alternate 5- and 10-min
At each station a 5x5 £t Cobb was

t()w

S 3

at 33 stations in the James River.
channel, and south shore were

tOw .
ed
at the surface. The north shore,

c to 65 at 1-mile intervals. Blue-

Pled, each with 22 tows from mile 5
n shad were count
33 tows of ten minutes is given

baek
herring, alewife and America ed and measured. The

QatQ
. h for the 33 tows of five minutes and
in T

ables 3.1 to 3.3.

(1) o
oefficient of variation
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Th :
e ratios of total catch between 10- and 5-min tows for blueback
J

Shad a .
nd alewife were 1.893, 2.255 and 1.967 with an overall average of

n tows took almost exactly double the fish

2.0
38 (Table 3.4). The 10-mi

of
the S-min tows.

F
or blueback the coefficient of variation fell from 68% for 5-min

for shad it dropp

This represents 4 gain in pre-

tows ¢
o 479 .
4‘7%) for 1O_m1n tOWS; ed from 139% o 103%’ and

fOp .
alewife it fell from 158% tO 130%.

QisiOn
of the mean of 30.4% for blueback, 05.9% for shad and 17 .5% for

dlewife (-
e (Table 3.4). Thus the means generated by 10-min tows have

Jreate
. .
. accuracy and reflect the extant populatlon approximately one -
OuPth |

to one-third better than with 5-min tows. If alewife and shad

Were
as . e :
abundant as blueback, We expect their statistlcs would reflect a

ar . .
drop in variation.

Th i '
& means of the 5- and 10-min cows for each species Were significantly
The correlation coefficient

Jiff
e
rent for blueback and shad but not alewife.

WaS .
” . . . .
ad, but rhis statistic 15 important only if few

ignificant only for sh

Tow
S a
re made and results extrapolated from them.

e Poisson distribution and tend to eliminate

Ten-mi
n-minute tows smooth th

the
co : v v
ntagion error of the samples . Because the overall catch ratio aver-

t catches for comparison with 10-min

aged 9
038, we can adjust previous years

L all o/f data i Since the var-

thS
- This has been done o n this section.
y with greater tow time, the 1973

iati
on
of the mean dropped significantl
SUPV
e
Y was performed with 10-min tows, and the number made was two-thirds

er towing time (total minutes)

of
th
e 1972 totals. This gave @ 50% great

.
han in 1979,
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[

11,
Annual Index of Abundance:.

A, .
Refinement of annual index .
s strength

5 were used € rimate year clas

0 €8s

B
efore 1973, only surface tO¥
we have now found

xcept 1972

but
mi :

ldwater tows were taken in every year €
and this sectlo

es, York, Rappa-

n defines the

: fecessary to utilize nidwater tOW data
adjustments made to derive the standard sndex. The Jam
hannoek and Potomac rivers were sampled DY o vessels between August 6
oks sampled shoal water and the R/V

and g
€ptember 7, 1973. The R/V Brooks
nes (Fig. 1 ).

he nursery z°9
The Langley made

Each vessel

Lan

gl o

—9ley sampled deeper water ¥ €
10 minutes.

the 5x5 £t Cobb trawl and tow rimes of
h depths at

ace and midwater tows at alternate miles and rowed bot

5 s
Mila
le intepvals. The Brooks made only surface tOWS:
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Midwater trawling was eliminated in 1972 because factorial analysis

of ' .
3 years of data (1969-1971) in the James River failed to demonstrate

ANV &3 o £ . . .
Y significant difference between surface and midwater species distribu-

£
ion. The surface tows merely caught greater numbers of all species.

Ho . .

Wever, in 1973, alewife and shad were conspicuously absent from surface

tows 4 oas
WS in the James River and several midwater tows indicated they were

L . .
Ower in the water column. Therefore, che 1973 sampling scheme was altered

to . . .
that described in the preceding paragraph. Total towing time was in-

d .
reased approximately 1.5 times OVer 1972 (Table 3.5) and in every year

th :
© survey has been conducted from mid-August toO mid-September.
The annual index of yearclass strength of each species in each river

onuniform linear and vertical

is
the mean catch per tow avervaged from & m

o limits must be set on nursery

distpy .
tribution of juveniles. Thus, SOM

ent vessels and depths must be weighted

bo
un .
daries and means from differ

1 data comparatively, and con-

ang :
combined. We have chosen to analyz€ al

ithmetic and geometric means derived

tinu .
© with our system of presenting &r

With .
Out initial data tpansformation.
s were taken at 5-mile intervals. The over-

Before 1973, midwater tow
but nevertheless indicates that

all .

tOW:Lng effort was small (Table 3.5),
t . .

he distribution of species was not constant; with depth, and the c/f

ite abundance‘indices (Tables 3.6 and

QOmp .

a -

5 risons often reflected OpPPOS
+9) o disparity between midwater and surface

* A1l pivers showed wid
ive abundance indi

e depending on species. If the relat
3.10) Were nearly constant for a particular species and had a small range
of variation, then one could use only surface tows (or only midwater tows)
.t derive {ts annual index of gearclass strength. Our several years of

ovident for any species or river.

w13 . . o .
1Ng indicates that no tpend was

ces, off ratios, Table
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When the Langley surface c/f is compared to its midwater c/f (Tables

3-6
and 3.9), the changing nature of the species distribution can be

appreci .
Preciated. The ratios of catch by species, river, and year clearly

sho ' :
W the greatest abundance of blueback tobenear the surface, and mid-
Wat . ‘

er for alewife and shad (Table z2.10). In most years alewife were 2 to

5 ti
mes mope abundant in midwater than surface (ratios 0.5 to 0.2) and shad

vari, .
ed considerably with ratios ranging from 15.6 to 0.07, but overall with

dre :
ater midwater abundance.

n the early years, no pattern exists

Except for the James River i
idwater c/f as the most

thg
t would allow selection of either surface or m

Tn many instances, the midwater

4PDPropyd .
Propriate index to yearclass strength.
e/t

reverses the conclusions drawn from the surface c¢/f, and in all cases

dat .
a adjustment is necessary tO derive an index that accurately defines

the :
yearclass strength for that species in that river.

ow depth presents a pe
and the effort devoted

This third dimension of € culiar averaging

of tows,

Prob
Lem, essel made both types

Only one v
o MNidwater tows was small between 1969 and 1971. A weighted average
“amnot be used because the Populations are not homogeneous to depth as
ion across the river. The

the
Y appear to be for horizontal distribut

Lan
“N9ley and Brooks surface catches (average c/f) can b

Weiqh s .
ghtlng, because previous analyses (Davis et al., 1972) from all rivers
red in similar ratios ©

e combined by

indi
Cated that the species were distribu ver deep

an
4 shoal water.
une the midwater distribution

ailable: (1) Ass

Thus two options are av
idwater distribution

over deep

Over
the shoals is proportional to the m
(2) Use only the Langley data and

Wa tg,
 as measured by the Langley, ©F
We feel

Avg
r ) . .
age its surface and midwater c/f with an unweighted scheme.

juveniles are distribued

Opt.
ion (1) ig preferable because W€ suspect the



Similarly at 8 ft to 18 ft in water to 20 ft deep, as in water of the

Same depth over depths greater than 20 ft. The second option would define

the "channel" zone best, but would then discard important data from the

shoals,

W
ater tows were taken by the Langley,

wo
uld approximate the determined c/f but have 1
e shallower water, the species

over deep water, the average c/f
ess variance, and (B) if
th .

€ Brooks had made midwater tOWS in th

Tatios between surface and midwater would be similar to that found by the

Langiey .

This averaging scheme is the be

st alternative and refines the year-
flass Strength estimates determined by surface catches alone. These "best
ven in Table 3.11. Surface c/f

Qg tg .
timates" of yearclass strength are gi
io for that species,

e .
Stimates in 1972 were adjusted with the average rat

b .
y Plver, as determined in Table 3.10.



B. Yearclass strength, 1973.

re significantly more numerous in 1973 than in 1972

and decidedly down in one.

Blueback young we

in th
re :
e nursery zones, about even in one,

Alews
ife . : .
wepe the same. Juvenile shad were up 1N four rivers and down in

One, ' :
The Potomac River had a weak yearclass for every species and the

River had a good yearclass for every species.

for all species was approximately double

T .
he James River annual index

6% for alewife, and 42% for

that
of 1972 but still only 29% for blueback,

1970-1971 (Table 3.10).

Ame s
rican shad compared wi.th
150 had a stronger year for

the York River a
increased by 10 times

pared with the 1970-1971

The Pamunkey branch of
, alewife by nearly

all .
Species than 1972. Blueback

two
» and shad by one and one-half. Yet com

as abundant;
4 to the 1970-1971 average.

Averp
age, blueback were only 87% alewife 13% as abundant,

in 1973 were 200% as abundant compare

vk River reflected no gain for blueback,

T .
. he Mattaponi branch of the YO
ut .

alewife were up three times and shad up four cimes over 1972. Com-

blueback.juveniles were 15% as abundant,

pared .
with the 1970-1971 averageé
4 shad 387% as 2D

uwdaw@y%mm

undant.

lewif
e 180% as abundant, an
ss compared with

- The Rappahannock River also prod
+ Blueback yearclass strength was doubled, alewife had a slight
d@cpeaSe, and shad were up four rimes . compared with the 1970-1971
fe 600% -as abundant, and

as abundant; alewi

rgth has been increas

rclass of the last four

aVera
ge, blueback were 754%
ing since 1970.

200% as abundant. Yearclass stre

The Potomac River produced the smallest yea
Compared with 1972, blueback were only 8% as

S for every species.
¢, and shad 10% a

abyp
dant, alewife 15% as abundan s abundant. Compared

as abundant,

With
the 1970-1971 average, juvenil® p1ueback were only 5%

%, abundance:

alew -
1if : .
© at 6% abundance and shad at 20




The j ; . .
juvenile alosids captured 1n surface water by the Langley over

dee
P wat
er, and by the Brooks OVer shallow water, were abundant in the

Same relati |
a ; .
tive ratios (Table z.,7). As 1n previous years, the vast majority

al o .
ly above 85%) of all specimens captured were blueback. However
J

We have
demonstrated that alewife and shad are usually far more abundant

in mig
wat '
er, therefore, the more accurate percentages for the entire

y zone to 6 m are given in Table 3.12.

Mi
dwater data compared with surface data (Table 3.8 and 3.9) indicate

With q .
epth is clarified in Table 3,10 for & particular species. Blueback,

by
an .
y analysis, outnumber all other species by at least a factor of eight

in all pi
rivers except the Mattaponi bpanch of the vork River, which

in 19
70 had over 50% blueback.

o of the species (
xtinct in any virginia river.

Th
e percentage abundanc Table 3.12) does not indicate

that

an . .

- y species is becoming dominant or €
€ per
Centages With some minor exceptiOﬂS, have been fairly Steady Since

for poor oOr good yearclasses operate

197 0
This suggests that condigons
pecific rather than speciles

aQr
0sg .
all species within & piver and are river S

SPecifjc,
T ’ . .
Vs he stronger 1973 yearclass could reverse the declining catches by
1rgin > . . o -

ia fishermen if these fish are recruited tO the spawning migration

re captured prior tO spawning by the

inf
Our .
years. TIf, instead, they &
Off
ult catch probabl
ing was the best we have

y will continue to decline

~sho
re fleet, the Virginia ad

afte
v

1974, The 1970 yearclass of river hert
should return to spawn in 1974. If 1974 is a

idence that the off

ing the inshore

Sured
and adults from it
-shore fleet is

ye
ar, then we will have further ev
sck and affect

e st

in e g
g a significant portion of th

f3
Shemps
Fles negatively.




C. General Index of Year Class strength.
pressed in absolute numberséat

Yearclass strength should ideally be ex

Som X . . .
e standard period (or size) after hatching. When several rivers con-

tr\‘ . .
ibute progeny to a stock, the mean c/f by river and species cannot be
av

eraged to determine yearclass strength of the stock, because the rivers

di . .
iffer in size (x volume). Therefore, & final expansion factor which

d depth which contain juveniles) must

wei .
ights the river volume (section an
be . s

multiplied by the annual index. We have utilized the volumetric statis-

ti .
ics of Cronin (1971) and made some assumptions regarding the frequency

distpq .
stribution of juveniles with depth.
Since our grand average c/f (Table 3,11) reflects the surface and mid-

ve the river volumes to 5 m, but

Wat .

er densities to 5 m, we should ha
cponin (1971) Prov
but river yolume by depth‘

t . .
hese data are not available. ides areal data by 5-mile

ing
rements and total volume of the segments:

o
Ntour has never been calculated: As a first approach, we could take

gider it to have vertical sides. The

the

area of the nursery zones and con
ar . .

cal statistics multiplied by 5 would then give the volume 1in m3 down to
e extensive shoals in their lower third but,

pid and the water quickly be-

Sm
The major nurseries hav

the most part, the shore droP-off is ra

water is deeper than 5 m and

S 4-5 ;m, Over most of the zone the

th | o

fough each zone a 10 m navigation channel is maintained. To account for
Shn

als and other areas that are 16S° than 5 my we assume these zones cause

th
e . . . .
entire nursery zone to average only 4 moe This aSSUInpt:LOn is conserva-

s are often found below 5 M, in water

ti
Ve p
ecause we know young alosid

6~
15 5 deep.
work strains 1,062 mo in 10 minutes

The 5x5 ft Cobb trawl used in our
ake random tows

When . .
towed st 2 k. We typically ™ in pregard to tide,
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depth ,
and time of day. By using two boats we cover the entire river and

the p
un
dred or more tows from surface and midwater provide a reliable
therefore, use our grand

grand
me : :
an for the species and river: We can,

o/f 5
nd compute total present by taking

N = Vol of Nursery zone . Grand c/f

Vol of tow

fQI\
each species and river.
ntained in early fall), 1,633 M

In
1970, the James River produced (co

d 30 M young shad (Table 3.13). The

yOUn
g blueback, 118 M alewife, an
ve from the standpoint of fish

Rap
Pah .
annock River, although very producti

all input to the entire stock. The

ic meter, actually had a sm
r all species, produced 131

Potg
ma .

¢ which typically had a low mean c/f fo
the Potomac about equ

ewife and shad. The York

to 4

- M

) blueback 1970-1973. overall, alled the Rappa-

annOQ . H
kK River for blueback, produced more for al

ed failr quan

shad, with the Rappahannock

Riy
ep .
> although small, has always prOdUc tities of alosids.

Th
e James and York rivers produced the most
« was the most stable from 1970

e rivers the Yort

Table 3.1l ¢

Riv
er

he least. Of all th
ompares the relative

compares the contribution

of o
.ach .
river to the entire stock .
production for ea
at in 1973 (Fig- 3.1).

ch species was downward

The .
trend in total'juvenile p
However,

fro
m 19
th 70 to 1972, and was peversed somewh
€ J
ames River dominates all others; making it Jifficult to predict
The juveniles produced in the

omac and Rappa-

es
brobably do not contribute O the
tend O select

hannock juvenile P

ha
ok pj . .
K rivers because the fish their nursery river at

omac and Rappa

roduction is

SPawy
Nin .
g time. If only Pot




considered, the overall prediction is for poor yields to continue. The
James River, at present, has only a minor fishery for river herring, so its
high juvenile production may not contribute much to the state yield in
several years.

Hurricane Agnes in June of 1972 flooded the James and Rappahannock
rivers, sending massive amounts of fresh water to Chesapeake Bay. This
abnormal and huge freshet may have retarded production in the James River
but seems to have stimulated production in the Rappahannock River (Table

3.13). The York River, which was little affected had a poor year for

blueback but a good to nommal year for alewife and shad. The Potomac

River was likewise little affected and had a good year for blueback,

alewife and shad juveniles. Thus in two flooded rivers the results were

opposite and in two "unflooded" rivers the production was opposite in
1972. Overall 1972 was a poor year for every species, but the overt.
contradictions in production by river and species, do not allow us to

conclude Agnes had anythihg close to a devastating effect on alosid pro-

duction.

The Virginia blueback, alewife and shad commercial fishery will prob-

ably experience the result of the poor 1972 year class (all species, all

rivers totaled) in 1976-1978. From 1974 to 1976 we expect adult catch

to decline because each succeeding year will be supported by a weaker

year class. But as Fig. 3.1 shows, the return to normal will probably

not be sudden because the 1973 year class increased only slightly over

1972.
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Table 3.1. Blueback herring caught by the R/V Brooks July 10 and 11, 1973 in the
James River using a 5x5 ft Cobb net at the surface, and alternating
tow times.

Stations South Shore Channel North Shore
5 Min 10 Min 5 Min 10 Min 5 Min 10 Min
JA 58 4,550 3,061 759 8,645 750 7,632
JA 56 1,936 1,632 2,576 4,632 2,076 2,470
JA 57 5,664 1,891 265 791 1,468 5,168
JA 58 1,170 5,364 2,568 6,521 3,184 2,660
JA 59 5,418 6,513 3,011 5,537 ‘ 2,739 6,742
JA 60 2,088 3,992 3,731 6,214 7,655 4,440
JA 61 1,224 4,046 3,948 2,804 1,203 6,336
JA 62 2,459 7,656 4,744 2,040 669 2,702
JA 63 2,916 9,799 5,980 9,083 4,527 8,265
JA 64 3,348 7,410 2,816 4,472 483 4,418
JA 65 360 3,860 8, 364 22,044 1,767 3,638
Total 31,133 55,224 38,762 72,783 26,521 54,471

Table 3.2. American shad caught by the R/V Brooks July 10 and 11, 1973 in the
James River using a 5x5 ft Cobb net at the surface, and alternating

tow times.
Stations South Shore Channel North Shore

5 Min 10 Min 5 Min 10 Min © 5 Min 10 Min
JA 55 1 11 6 30 6 36
JA 56 13 32 4 4 7 60
JA 57 58 50 15 47 3 8
JA 58 10 81 0 10 28 21
JBA 59 45 57 13 149 210 176
JA 60 24 40 0 91 14 16
JA 61 11 21 14 42 13 55
JA 62 77 145 88 34 13 49
JA 63 72 3249 23 31 9 15
JA 64 13 52 55 56 14 148
JA 65 20 100 102 198 16 34

Total 344 938 ' 320 692 333 618
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Tabie 3.3. Alewife caught by the R/V Brooks July 10 and 11, 1973 in the
James River using a 5x5 ft Cobb net at the surface, and alternating
tow times.

Stations South Shore Channel . North Shore
~—— 5 Min 10 Min 5 Min 10 Min 5 Min 10 Min
A 55 4 2 10 30 210 0
3“ 56 17 57 8 16 15 105
Jﬁ 27 3 2L 12 g 1% 8

8 0 0 350
& 59 0 19 0 54 102 178
gﬁ 20 124 152 izl; I:QLZ 016 6

1 11 35 . 5 33
W go 17 45 16 194 32 14
j“ 63 108 492 80 124 54 165
Ji 64 , 47 29 0 8 15 £8
Totay 3187 862 161 561 681 994
\g

Table 3.4 Statistics for experimental sampling of.S— and 10-min tows by the
R/V Brooks in July, 1973 in the James River, Virginia. N = 33 for
each type tow.

\_
Blueback American Shad Alewife Average

5 Min 10 Min 5 Min 10 Min 5 Min 10 Min S5m 10m
Yota1 catech 96,416 182,478 997 2,248 1,229 2,417
Ratio of }
Totg1 ratch 1.893 2.255 1. 967 oy 2038 -
ean cateh . 2,720 5,079¢Y)  30.8 69. 3 37.4 73.4(2) !
Standard Dev. 1,838 2,391 42.5 71. 4 55.7 107.5
Coef. of
Variation 67.7% 47.1%  138.9% 103. 0% 157.6%  130.1%  118.2% 98.89
IIlcrease in
Precision 30. 4% 25. % 17. 5% 28.2% (3
tvalue 4. 355 2.621 1.792
gnificance - p<£0.001 p £0.025 ns at p = 0.05
Orp. Coef-
fecient + 0.178 + 0.534 + 0.295
gnificance ns at p = p<L 0.01 ns at p = 0.05

0.05

~—

V) yithout Ja 65
(2)

Without JA 63 :
3 Without alewife data



Table 3.5. Trawling effort with Dé
in Virginia rivers. Five-ml
10-min tows made in 1973.
\ /"/__-_'
R/V Langley __ ———
Surface Midwater
~——__ Tows Minutes Tows Minutes
James
igig 20 100 10 50
1970 46 230 10 50
T37p 46 230 10 50
19 92 460
[E 33 330 16 160
Yok~
Pa?unkey
970 15
30 3
i@il 21 igg 5 25
1972 42 210
3 14 140 14 140
Yory .
Magggponi
o 4 20
A At
197 44 220
3 10 100 10 100
Rappahanmck
}970 31 155 5 25
1331 31 155 7 35
2
T
PotOmaQ
om0 35
;
HE R ;o
197% 62 310 10
22 220 21 2

3-15

pelagi

o trawls for juvenile alos
nute tows made in 1969-1972, and

ids

62 620

Total

R/V_Brooks Towing Time

Surface Surface and

Tows Minutes Midwater

100
28 190 470
40 200 480
73 365 825
66 660 1,150
35 175 340
30 150 280
66 330 540
52 520 800
25 125 - 270
21 105 225
50 250 470
42 420 620
26 130 310
771 155 345
62 310 620
76 360 800
190
30 150 340
69 310 620
1,050
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of the three principal Alosa species

Ta .
ble 3.7. percentage distributilon : bsa.
and Brooks in rhe major Virginia rivers.

captured by the Langley
Surface tows only.

~——
Riy Blueback Blewife American Shad
==L and Year Langley Brooks Langley Brooks Tangley _ Brooks
James
1969 80. 4 11.9 7.7
1970 93.2 92.4 5.7 6.3 1.1 1.3
1971 98.5 97.2 1.1 2.3 0.4 0.5
1972 98. 8 98. 1 0.4 1.1 0.8 0.8
1973 99.9 9.4 0.0 0.6 0.1 11
York~§amuhkey .
70 89.4 88. 8 8.9 7.1 : 2.1
1971 8229 99.0 7.2 0.8 3.8 0.3
1972 72.6 80. 3 12. 9 4.8 14.5 14. 9
1973 86. 8 74.5 2.9 2.1 9. 3 93.4
YOI\k
"Mattapon .
1970 93.6 55. 3 3.7 15.8 2.7 08. 9
1971 14. 3 6.7 47.0 1.0 38,7 9. 3
1972 59. 4 68. 4 16. 2 1.3 4. 4 0.3
1973 12.2 12.8 3.4 0.0 84. 4 87,2
Rap
70 98. 4 98. 4 1.0 1.2 0.6 0.4
7L 95. 5 37.2 44 1.9 0.1 0..9
1972 9.6 92. 4 8.2 7.6 0.2
1973 9. 2 9. & 5.7 3.5 0.1 0.1
Potomag
1970 1.1 0.2
wn 2.7 98.5 4.7 0.4 8.6 13
1972 9920 90. 6 0.5 7.3 02 2-0

S~ d_’___r_“#”_,_,',ﬁ,,,,_,u,,_——_,_—————_—f




~J

3-18

Table 3.8, Average catch pér unit of effort estimates for the
principal alosids in the nursery areas of Virginia_rivers.
R/V Langley and R/V_Brooks data weighted and combined
from Table 5.6. Catch adjusted for tow time, surface only.

e ————— e et 0
River Ameri- Average Average
and Tota can ~ Blueback A1l
Year Tows%a) Blueback  Alewife Shad g nlewife(P) gpecies(D)
James |
1969 2D 498 74 48 192 121
1970 84 4,065 266 42 l;ggi 3;2
1971 86 1,671 30 : 19 53
1972 165 590 4 . c2 oe
1973 99 960 3 '
YOrk..
Pam
uiggg 65 160 12 > o 2L
1971 51 491 5 : >0 Y
1972 108 18 2 2 > >
1973 66 12 0.4
YOrk..
Mattaponi
42 27
1970 50 173 19 ' 3 .
971 42 0
7 7 7
1972 9% 16 5 0.3 0.9
1973 52 1 0.1 6 7
Rappaggggock 5 1 0.5 10 7
57 10 0.3 11 3
1971 62 56 4 0.3 72 12
1972 124 247 2 1 129 26
1973 55 615 27 |
P
Ptonac 0.4 21 6
1970 31 214 2, 0. 2 2 0.9
1971(b) g1 15 0. 0.4 5 2
1972 124 30 1 0 0.5
1973 g4 3 0.4
A 7 tows, 1973 were 10-min tows.

) Surface tows only; 1969-1972 were

b
) Samples taken in mnid-November:
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Tab .
le 3,9, Midwater trawl c/f and percentage distribution for the
R/V langley in Virginia rivers. All expressed as 10-min
tows with a 5x5 Cobb trawl.
\
Rl
Y8 and zone 1969 1970 1971 1973
[ c/f % e/t % c/f % c/f %
Ja
"es - Mile 35-80
Blueback 28.0 84.8 481.5 83.4 1511.9 93.1  160.5 85.7
Alewife 7.4 10.3 o4 10.8 9.3 5.9 1L6 6.2
€rican Shad 1.6 4.9 23,1 5.8 16.4 1.0 15.1 8.1
Yo o
I‘k‘ Pamunkey 30_ 5 O
Blueback 9s.1 87.6 11.9 10.4 315.1 92.4
Alewife 1.4 10.5 99.4 87.3 16.6 4.9
Merican Shad 2.1 1.9 2.6 2.3 9.1 2.7
YOI‘ ’ .
ueback 4.5 48.9 20.5 31.3 08.1 22.7
lewife L5 45.7 40.8 62.4 540 43.7
Mmerican shad “: "4 a1l 6.3 45 336
Ra
‘Dpahannock 50-80
lueback 116.6 5.3 30.9 94.8 5014 9L8
Cwife 19.5 14.3 1.6 4.9 43,9 8.1
Merican Shad 0.6 0.4 0.1 0.3 0.6 0.1
P
QtOmaQ 65__95 . “
Blueback 122.7 70.4 37 %L 5./ 78.1
ewif 51.0 29.3 0.6 13.3 1.5 20.5
erd © 0.6 0.3 0.2 4.4 0.1 1l.4
tlcan Shad )
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Table 3,10. Ratios of average catch between surface and midwater tows from

R/V Langley in the Virginia rivers. A1l data adjusted to
10-min tows with 5x5 Cobb trawl. Data from Tables 36 and 3.9.

—

River  gpecies 1969 1970 1971 1973 Average all years(d)
James Blueback 17.9 .52 0.97 8.9 5.63
A. Shad 29.8 1.13 0.37 0.07 0. 97
York- 2.7 0.56
Blueback 1. 90 . . 1.41
Pamu“key Alewife 1.6 0.03 0.48 0.28
A. Shad 1.6 0.54 0.21 0.56
Matta- Blueback 71. 3 0.15 0.06 0.86
Poni Alewife 4.2 0.25 0.0L 0.22
A. Shad 6.6 2.0 0. 30 1.59
iappa—
annock Blueback 0.59 2.2 1.1 1.12
MAlewife 0.04 1.9 0.77 0. 38
A. Shad 15.6 1. 32 0.67 0.38 |
Potomac  Biueback 1.71 1.1 0.03 0. 38
DAlewife 0.05 0.33 0-87 C.10
A. Shad 0.67 1.0 1. 0.65
Aver 99 0.39 1.13
age 3.88 0. . .
ALy iiii??gk 0.53 0.23 0.09 0.22
RiVeI‘S(a>A Shad 2.61 0.83 0.21 0. 36
\ /

(a) .
€ometric mean



Table 3.11. Annual index of yearclass strength for all species in all
rivers using the combined data of two vessels and the
midwater and surface camples. Figures are average c/f
defined as a 10-min tow with the 5x5 Cobb trawl. Data
from Tables 3.8 and 2.9
I;ive\r'* Average
nd American Blueback nd Average of All
y Total _ 03C% 5 ige o
4§EL-_> Tows Blueback Dlewife Shad Alewife Species
Jameg
1969 25,0 101. 3 63.5
30 263.0 39.0 .
1970 94 b 5730 1640 410 610.6 248.2
1971 % 1'591.0 63.0 12.0 316.6 106.3
1973 705 200, 0 23 1.0 63. 9 35. 6
YOI‘k-
Pamunk
e
1970 7 68 128.0 12.0 3.6 39.2 17.7
1971 5q 551, 0 52. 0 2.3 114.2 31.1
1979 108 15’0 5.5 4.2 9.1 7.0
1973 30 1640 8.5 6.0 37.3 20.3
Yoy
Matt
aponi
970" o, 29,0 7.1 5.8 25.1 15.4
1971 ac 11‘0 03,0 6.6 15.9 11.9 -
1979 92 17. 3 8.3 5.7 12.0 9.4
1973 5o 15.0 27.0 24.0 20.1 21.3
Rippa~
annOCk
1979 69 108.0 10.0 0.6 3%.33_ gg
o 6o a0 L3 o2 9. 4 12.1
1973 80 20 26.0 0.8 141: -
Pot
1979 0.5 67.5 . 13.2
27.0 *
;8 163-0 0.4 0.2 1.9 0- ¢
1972 124 54.0 5.5 1.0 11-29 0.7
1973 Joe 4.5 0.8 0.1 1.
m\ ///
Cenmmt o
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Tab] ,
€ 3.12., Percentage distribution of the juvenile alosids from the

combined c/f of the R/V Langley and R/V Brooks, surface
and midwater. Data fpom Table 3,11.

\
-
RiVe
r
J\sirizear Bluebaqﬂ«——-—f American Shad
ames
19
1933 80. 4 11.9 7.7
1971 91.7 6.6 1.7
199 95.5 3.8 0.7
2 1.2 1.3
s :

Y

197
197 , 82.2 17.0 0.8
72 60. 7 22.3 17.0
1973 : 3
o 91. 9 4.8 .3
Yk~
‘ gattaponi
970 87.3 7.0 5.7
1971 ) 16. 2
l 27 1 560 7 .
DahannOOk
1970 8.4 0.5
1 95.4 4.
1372 85. 9 14.0 0.1
7 * .
" 3 93. 8 6.1 0.1
970 13.7 0.3
1971 86.0 3.2 2.1
1973 gg'g 14. 8 1.9

\\ A//
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Table 2.13.
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rivers hatween August and September.

General estimates of yearclass strength and estimates of rumbers of young alosids in Virginia

Kiver ang Ared in nursery volume in nursery Volumes equatea  Specles Cotimated number precgent in
ﬁgﬁided zone, 106m2 zone, 106m3 to smallest zone early Fall, in millions.
B ToT T I97L 1872 1973
James 190. 8 763.2 15.97 Blueback 1633.2 1143.3 264.5 402.4
35-80 Nlewife 117.8  45.3 3.3 5.2
hmerican Shad 29.5 8.6 3.3 7.9
York-Pamunkey 25.6 102.4 2.15 Blueback 12.3  24.2  14.4 15.8
-0 Mlewife 1.2 5.0 53 81
American Shad 3.5 2.2 4.0 5.7
YorMateapons 11.9 47.8 1.00 Blueback 4,0 0.5 0.8 0.7
=50 DMlewife 0.3 L1 0.4 L2
American Shad 0.3 0.3 0.3 1.1
*Dahannock 32.4 129.4 2,71 Blueback 15.2 5.4 28.5 68.0
-g0 Alewife L2 0.2 46 4.4
American Shad 0.07 0.02 0.02 0.09
fotona 206.2 824.8 17.26 Blueback 131.3 6.9 42.0 3.5
-9 ' Alewife 21,0 0.3 43 0.6

Total

Total

American Shad 0.4 0.2 0.8 0.07

Blueback

Alewife

1794,0 1180.3 350.2 490.4
141.5 5.9 17.9 19.5

N

American Shad 33.8 1..3 8.4 14.9

A1l Species 1969.3 1243.5 376.5 524.8
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Job 4. Community Structure and Trophic Dynamics of Alosa Nursery Areas

A. The Rivers and Their General Features

Nursery areas for Alosa sapidissima, A. pseudoharengus and A. aes-

tivalis were located and mapped for the James, York, Rappahannock, and
Potomac river systems (Fig. 1) during 1968 through 1970 for project
FA BFC 1 virginia. The length of the primary nursery zone in these
rivers ranges from 30 to over 50 miles. Alosine fishes utilize both
mainstream and tributaries within these freshwater areas. However,
Production of juvenile Alosa spp. within these zones differs both
between rivers and between years (see Job 3 of this report). Given
this background, our.goal was to describe the nursery zone utilized by
alosine fishes in a physical, chemical, and biological sense.’ Thus, we
Would have an understanding of the total system relative to this group
of fishes and be able to provide plausible reasons for the variability
In production between rivers and years.

The magnitude of the problem posed under this job dictated that
Our effopts be oriented toward discrete segments of the nursery system,
i'e-, physical and chemical factors, phyto- and zooplankton populations,
ad the predatory and competing fish populations. Where possible, we
attempted to sample simultaneously for as many parameters as practical
T each station. The data for 1971 and 1972 were presented in progress
®eporty AFC 7-1 and 2, respectively. This completion preport for 1970-
1973 includes a summary of our efforts to define the various attributes
Of the nursery zone and the role of alosine fishes within it.

The James, York, Rappahannock, and Potomac river systems contrib-

Ute approximately 40% of the freshwater input into the Chesapeake Bay.
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Tanged from 320 cf/s to 305,000 cf/s W

Each river differs from the others in concentrations of dissolved
Mnerals and nutrients as well as land use patterns:
The James River has a drainage basin of approximately 10,000
miles® and lies in four physiographic provinces: coastal plain, Pied-
and ridge and valley. Tidal fluctuétions

m .
Ont, Blue Ridge Mountains,
mouth to Richmond, approximately

i .
N water level exist from the TL1VET
85 nautical miles inland. Flows, as measured above Richmond, have

ith an average annual discharge

of 7,500 Cf/s.
Nutrient enrichment in the tidal portion of the James River

ropolitan ared (Mile 84) and the
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riginates from the Richmond met
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Hopewel1 area (Mile 65). Brehmer (1972) re
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0
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additional 1oading from industrial
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ay by effluents from Richmond.
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d domestic sources occurs at Hopewell.

sons and plankton populations typify most
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°f the alosine nursery area in the James River. Nutrients concentra-

y in the James R

n our Ssurvey and approximate

t] i higher t
ions (Total N, NOo+NOz, and P04 iver are higher than
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Other virginia tributaries monitored 1

yilla and Hettling (1969) for the Potomac
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ncludes 14,670 miles2 from its

The Potomac River drainageé basin 1

headw

a

ters on the eastern slope of the Appalachian’ Mountains to its

mouth g . .

. t Smith Point. The tidal portion of the river extends from the

all Li . ‘
ine near Washington, D.C. to the river mouth, approximately 100

Cal T \.I e 1 e (’ | Q.

1,000

t .

o0 90,000 cf/s with an annual average flow of 11,000 cf/s.
Nutrient enrichment is evident in mainstream fprom Washington, D.C
(Mile ‘ N

95) to below Quantico, yirginia (Mile 60). Reports detailing the
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s nutrient and chemical attributes of the upper Potomac River

nd Hettling (1969); J
utrient loading of the Potomac
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de Jaworski, Vvilla, & aworski (1969); and

N

ine fishes is

Jaw .
orski, Leer, and Villa (1971)-
greater and more wide-

River in the nursery area for alos
SPread than that in the James River: washington, D.C. contributes
4Pproximately 10 tons N/day and 6 tons p/day - The upper tidal portion
‘of the Potomac River (miles 70-94) has depressed D.0- values due to
the nutrient load and plankton bIOOW durping summer months. Algal

mmer when Microcystis aerginosa,

Jroy

th becomes quite noticeable in sS4
dense layer at the
Quantico (Carpenter,

water surface in the

a b
lue green alga, forms &
Pritchard,

IERE
n
stream Potomac as far downriver as

o
Nd Whaley, 1969).

nas a drainage pasin of 2,700 miles2 and

The Rappahannock River
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1s 4
tidal from its mouth to the Fall Li (approxi-
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as measu
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ely 95 nautical miles).
ow of

an average annual £l

has
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in the vicinity

he Rappahannock River OCCuDS

Nutrient loading in ¢

dr .
redericksburg from domestic and industrial effluents. The magni-

tude
of the N and P additions to this river is lower than that for

eith '
er the James or Potomac river. pDissolved oxygen values are de-

Pre
ssed for approximately 20 mniles downriver from Fredericksburg with
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/

The York River system has & drainage pasin of 2,660 milesQ. It

nd Mattaponi rivers. Average annual flow
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cludes both the Pamunkey &
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chment within the a

1 sources in the upper basin
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of
the York River comes from agricultura

an . . . . .
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Munkey River (Mile 29)- Nutrient level
he Rappahannock River (Brehmer, 1972).
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k system approximate those of t

Each piver system differs in the type of habitat found along its

(Table 4,1) and in the contribution of

Shoye1s .

veline in the tidal portion
0 . A
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gtanding crop, as indicated
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Yal increase in water temperature of the river (Fig. 4.3). Highest
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Indica

‘ te development of successive bloom Qonditions following periods

0 .
f high runoff.
y was highest in each river during the month

Primary productivit
velopment of early summer bloom

°f June 5
ne in 1971, coincident with de

reas (Fig. 4.6).
ess than 5 mgC'mB-hr in all

conditi
ons i N
ns in the nursery a springtime levels of .

Primg

ry productivity were generally 1
nerally pranged fro
t value for the lower station

rivers :

. Productivity rates g€ m 10 to 30 mgC-mSQhr
The aberran
June (109 mgC

£ in the water. The varia-

duri
ing June through August.
m3-hr) is attributed

in t
he Rappahannock River during

to apb
\ sorption of isotope by suspended sil
ilit .

¥ in the data between stations, nonths, and rivers cited earlier

ta points shown. A £rend toward an

is .
Plainly evident in the da
1ization at a lower rate of

earl
y summer peak followed Dy @ stabl

ry productivity was evident.

n the pasis Of rotal primary productivity

Ranking the rivers ©
followed by the James, Rappa-

respectively (Table 4.6).

Place
d the Potomac as most productive,

poni pivers,

han

n

ock, Pamunkey, and Matta
pelative surface

nfluence of the

The

o . i
rder obtained was due tO the i

paring primary productivity

ttained; by cOm

al‘ea .
S in the rivers. Ranks &
a standard avea within the yapious rivers (1,000 m?), were
difs

erent from that expected, i€ potomacs pamunkey, James, Rappahan-

nOQk
, and Mattaponi rivers (Table 4.7).

m the James River in 1972 demonstrated
punoff periods an
ters and tributaries.

ctivity daté fro
d different

Primapy produ
s quring high

de
Presss

ssion of photosynthesi
ainstream wa

Qffe
cts for flood waters in m




d waters, which occurred

Pas .
sage of Tropical Storm Agnes and its f£loo

in 1
ate June, caused a reduction in the depth of 10% 1light penetration
in ¢ .

he mainstream and oxbow stations (Fig. 4,7), with a corresponding

(Fig. 4.8).
ig. 4.5) caused similar responses.

declj . ]
ine in primary productivity Two additional high dis-

ch, .
arge periods (July 8 and Rugust 2, F

not evident in Powells Creek during. the

The
s
e effects, however, Were

Sa . ‘
me periods (Figs. 4.7 and 4.8).

ries were more uniform in clarity and

The waters of the tributa
had s '
higher primary productivity pates than did mainstream waters.

wells Creek ranged from 1.2 to

Th
e productivity rates for FO
24,

5 mgC.m3-hr while the Hopewell station ranged from 0.06 O

This suggests & nee
he tributaries compared to

16.
7 mgC. m3.hr (Fig. 4.8). d to define the pro-

duc s
tion of juvenile alosine fishes in t

the .
production in the mainstream.

E. .
Alosine Food Habits and 7,0oplankton in the Nursery zone
e been analyzed for estuaries

gine fishes hav
nd lakes (Brooks &
and Norden, 1968). Most

The food habits of alo
nd Dodson, 1965;

(M
assmann, 1963; Burbidge, 1974) 2

nd Norden, 19683

Hutchy
chinson, 1971; Morsell &
of selection for p

au .
thors have indicated some degree rey items by
g study we samp

s which occul in e

1ed five nurseries and

indq o4
ividual species. In thi
ach nursery.

eXa . .
mined the three dominant alosine
phic area an

into the partiti

Thi R
his peppesents a broad geogra g allows comparison of food
Tnsights

oning of the food

hab;
i
ts between nurseries.
1osine fishes are also gained. We are

I‘eso
urces among co-occurring &
the energy budg

et of alosine fishes

QOn - .'
tinuing this study to evaluate

in
the James River.




uvenile alosine fishes were collected

In the summer of 1971 ]

from three stations in each of five nurseries (Fig. 4.1) by means of

a5 X5 ft Cobb midwater trawl. young alewife, blueback and American

shad were sampled monthly from June through October in the James

River. Collections made during July and Bugust in the Mattaponi, Pa-

munkey, Rappahannock, and Potomac rivers were selected for inter-

Nursery comparisons of food habits. Fishes taken with the trawl were

Counted, measured and preser\/ed in 10% formalin for laboratory analy-

Sis of stomach contents. Up to ten specimens/species per river/month

w : X
ere retained for analysis.

oncurrently with fish collec~

Zooplankton samples were obtained ¢

tions by pump and meter net techniques. The pump sample (100 gal of

Water fpom the surface to 5 m depth) was obtained by filtering the

Water through two nets of different mesh size. The water was passed
first through 202 micron NiteX and then 35 micron Nitex. Organisms
Petained in these two nets were gixed in the field with 4% formalin
and peturned to the laboratory for analysis. A meter net (376 micron
mesh) was towed for § min concurrently o census larger zooplankton
and to provide a check on pump avoidance:

d for the food categories

Selectivity indices (E) Were generate

°f alosines following Ivelev (1961):

E=(py -pi)/ i+ pi)

Where r; is the percent of plankter i in the stomach and P4 is the per-
cent of plankter i in the plankton. The range obtainable with this
index ig 47 to -1. E values pepresent the degree to which food or-

98nismg are selected Or avoided bY rhe fish.
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F.
Results of Feeding Study

1. James River

Zooplankton in pump samples from the James River near Hopewell

J .
(JA 63) during June through October 1971 included cladocera (31 to

82% .
%), immature copepods (16 to 66%), and adult copepods (1 to 6%)

(Tab
le 4.8). Other organisms, including insects, ostracods, etc.,

to
talled less that 1% of the zooplankton sample. Rotifers were often

Present in large numbers in the 35 micron net portion of the samples
but were not categorized as a major zooplankton component since juve-
Niles do not normally feed on them Larval and postlarval alosines,

however, do utilize rotifers as food items (Pavis €€ al., 1970).
Pump samples from the James River included seven species of
cladocerans and six species of copepods (Table 4.9). The dominant

s Bosmina coregoni (82%) and

cl
adoceran throughout the study period wa
s Diaphanosomd branchyurum (11%). The

the
second most abundant form wa
Camptocercus rectirostris,

remainil’lg five i i vula
species, (Daphnia parvu-.a,

and Alonella acutirostris)

Leydsqs . e
‘~2959£§ acanthocercoides, Leptodora kindtil,
of the indivi

resented 94% of the juvenile

in .
aggregate represented only 7% duals in the samples.

Q :
Yelopoid nauplii and copepodites reP

Co . .
Pepods in the samples and Acartia ronsd was t

he most abundant

large cladocerans (i.e.,

ad
Ult form of. copepod. Adult copepods;

Le
‘~239§93§ kindtii), insects,
Pled by the pump technique-

and fish larvae were not adequately

Meter net collections taken at the

S - 3

ame Station and date provide a better estimate of relative abundance
f ‘ . .
.or the larger zooplankton species: Qpantiflcatlon of the meter net
y since £1ow meters were not used

dat
a was not attempted in this stWd

dul-. s
ing the collections.
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Th
ree cladocerans (Leptodora kindtii, Daphnia parvula, and Di
2 18-~

Eh§905
oma branchyurum) made up 71% by number of the meter net catch

e through October in 1971. Fish larvae

fr
om the James River during Jun
(Cyclops, Eucyclops, Di-

(mos . :
tly Anchoa mitchilli) and adult copepods
nted 13.5 and 11% of the meter net

apt
dptomus and Eurytomora represe

C
atches, respectively.

Blueba :
ck - Only two bluebacks were collected during June in the James

=2=deback

RiVer
and each measured 22 wmm pL. The 30 food items in their stomachs

Were
cladocerans (27%), immature copepods (46%) and adult copepods

(27% .
)« Bt this small size, rotifers could nave been a major food

» but post-mortem digestion would account forp. their apparent ab-

Senc .
€ in the food item list.

In July, 10 bluebacks consumed 41% cladocerans (B. coregoni and

juvenile copepods. Tn August, September, and

D. '
=+ branchyurum) and 59%

Octob

e

v, 10 bluebacks were raken each month for stomach analysis.
gust tO 5g,1 mm in October.

Mean
lengths increased fpom 48 mm in Aw
of the diet each mo

o 13%. Food habits of blue-

Clado
cerans made up 85 to 96% nth with immature

Cope
po . . s
ds contributing the pemaining 4 €

4.9 for the data from the James River in

ba
cks
are summarized in Fig-

the summer of 1971.
JamesBleebackslappear to randomly feed upon small mooplankton in the
- River. Immature copepods and the cladocerans B. coregoni and
=~ Dbranchyurum represented ga% of all organisms in the pump samples

and 9

7%

% of all food items in the stomachs:
QZSEQEﬁ vernalis, EucycloPs agilis, Diaptomus reighardi, Euryte-
e, though well re

ere rarely found

m()'ra
resented +n the meter
p

\ a : N
~££lE£§ and fish larva
in the stomachs

Net
co .
llections (24% numerically); w
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6f blueback herring (1%). Bluebacks of this size may actively avoid

the larger plankters since alewife of similar sizes had ingested the

larger plankters.

Alewife - The six alewives taken in June averaged 33 mm FL and the

composition of the food items, by number was larval anchovy (47%),

immature copepods (29%), and cladocera (19%).

In July, the stomaéh contents of nine alewives, included 68%

Cladocera and 30% immature copepods. gtomachs of 10 alewives in

August contained 58% adult copepods, 309 cladocera and 6% juvenile

sample of 10 fish indicated a shift back to

CObepods.  The September
cladocera (86%) as the major food. Stomachs from nine alewives taken

in October were almost empty (a total of 59 food items present).

This suggests a reduction in feeding intensity prior to downriver

Mgration. Food habits of alewife juveniles are summarized in Fig.

iver in 197%.
alewives ingested 59% cladocerans

4,

10 for data from the James R
During the 5-month study period,

adult copepods, ins

lecting larger organisms. Bosmina

ang = .
nd immature copepods and 41% ects and fish. It

a
PPears that alewives are actively s€

were the dominant cladocerans in the

Cop .
€goni and D. branchyurum

is was €

st
Omachs and Eucyclops agil

he dominant copepod.

Amﬁﬁiggg_ghgg - The collections of American shad in June revealed
val anchovies,

represented 77 to 97% of the

th . : . ) ,
At this species also fed on l1ar if ava;}able During

Ju
t August, and September, cladocerans
adult copepods and immature copepods

. fOQ .
d items in shad stomachs with
10 each month) averaged 58.4

SDY4 tosos .
pllttlng the remainder. Thes€ gishes (
(July) to 74.8 mm FL (September)- Tn October, stomach contents of

tained 77% insects (mostly

&
9ht shad which averaged 75-8 ™ FL con



4-17

Coleo .
pterans). However, as with the alewife, the stomachs contained

littl .
e food with only 17 items per stomach. Food habits of the Amer

iCan . .
shad juveniles are sumnarized in Figure 4.1l for data from the

James River in 1971.

The food habits of American shad in the James River were inter-

medi
ate between those of the plueback herring and alewife (Fig. 4.12)

Claq :
ocerans and juvenile copepods represented 80% of the food items

Numer;
rically and adult copepods, £ish larvae, insects, and other items

Made .
up the pemaining 20%. Of the three species examined, it appears
tha
t the shad diet most closely reflects the plankton crop in the
nup . l
Sery (Fig. 4.13). Bluebacks apparently avoid the larger organisms

(Se .
lective for smaller items) and alewives select larger copepods
d cladocera.

2. p
amunkey River

s in the pPamunkey River were made

Fish and plankton collection
y of the Pamunkey Indian

dupy
ing July and August of 1971 in the vicinit

5 from the mouth of the York River.

Res .
€rvation, approximately 50 mile
mp samples in July was

The .
standing crop of zooplankton from the pU
and 3%

559

% cladocerans (mostly B. coregoni), 49% immature copepods,
0 and 4.11).
immature copepods mad

Tn August, cladocerans rep-

ady
1t copepods, Tables 4,1
e up 75%.

I‘ES
énted only 24% of the cample and
t Qollections in the

Ag s
in the James River, the composite meter ne
€ composition.

e rare in the meter net

Pap )
unkey River reflected a differen small organisms

Sue
h as B. coregoni and juvenile copepods Wer
lankton in these collections

Dominant 700D

€ the cladoceran, Leptodora kindtii (5% numer

(me

3 s

h size selection).
ically, water mites
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h .. .
(hydrocarinids) (21%), and the adult copepods C. vernalis, E. agilis,

D. : .
D. reighardi, and E. affinis (12%)-

Bl
Lluebacks - Stomachs from 10 bluebacks each month (July and August)

We .
re used in the analysis of food nabits for the Pamunkey River (Fig.

4, : ,
14). In July, stomachs from bluebacks which averaged 41 mm FL

contas
Ntained 98% cladocerans (mostly B- coregoni). In August the blue-

ba .
cks continued to feed heavily ©On Bosmina (90%) but also included

im
mature copepods (7%) and ostracods (2%)-
A : ‘
% - Alewives used for stomach analysis included 10 fish taken
in .

July and eight fish taken in August (Fig- 4.14). 1In July, the

Stomach contents of alewives inciuded 67% cladocerans (mostly D.
EEEEEEZEEEE), 26% juvenile copepods, and 6% adult copepods. The
‘C0llection of alewiveé for August came fpom a station 15 miles

furthep downriver than the July collection. This sample suggested

he two areas because no cladocerans

di
fferent feeding habits in ©

esented z59% of the food items

We
e consumed. Immature copepods TePT
ining 5% of the

re 6% and the rema

DUm .
erically, adult copepods We
eter net collection at this

di
et consisted of mysid shrimp- The m

Stas
ation consisted of 98% mysidse

s of American shad were taken

Amamna
Lerican Shad - July and pugust sample
In July, stomachs ©

11% adult popepods,

£ 10 fish contained

fro
m the uypriver location.
and 18%

459
% cladocerans, 26% immature copepods;

In pugust, however, 10 shad of

0s

Tracods and insects (Fig: 4.,14)-
Sind ) : .
imilap gige had eaten 13% cladocerans, 47% immature copepods, 26%
a -

dult copepods, and 14% ostracods and insects.
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The comparative food habits of alosine fishes in the Pamunkey

Riy :
er (Fig. 4.15) suggest & greater degree of selectivity in feeding

than 1 .
n in the James River. Lower density of forage items in the Pamunke
~ » y

Riv
er appears to result in different grazing strategies by the same

Speci . . .
Decies of fish in different rivers.

3.
Mattaponi River

Juvenile alosine fishes and plankton in the Mattaponi River were

ke, 45 miles above the mouth of

col . . s :
lected in the vicinity of Mantapl
zooplankton sample contained 82% juvenile

t
he York River. The July

COpepods, 13% d i
’ /, cladocerans (D- branchyurum an B. coregoni) and 4%

adult copepods (Table 4.12). 1In August, juvenile copepods ~were 98%
of the plankton standing cTroP in the pump sample. Meter net collections
Were, a5 in the other rivers; quite Jifferent. Cladocerans (mostly
adult copepods made up 4%,

Le
<ERtodora) represented 28% of the catch,

ed 51%, and other crustaceans made up 6%

inse '
cts and mites contribut

of
the catch (Table 4.10)-

B

l . .
Slueback - Stomach contents ring taken in July

of 10 blueback her
Con a3 X .

Nsisted of 75% adult copepods: 01% juvenile copepods, and 4% clado-
t of three bluebac

s and 2% cladocerans (Fig. 4.16).

ce .
rans. Tn August, the die ks consisted of 7%

Juvans
€nile copepods, 17% adult coPePOd

A

lews -
Mewife - plewives from the M showed similar food pref-

attaponi River

ish contained 78% adult copepods

Nees. In July, stomachs grom 10 f

Tn August, nine fish nad eaten 45% adult

and ogy -
20% juvenile copepodse
s well as 6% cladocerans (Fig. 4.16).

Co
Pepods and 48% juvenile copepods @
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AEEEEE§2_§2§§ - Ten American shad collected in July from the Mattaponi

River consumed mostly copepods (35% adults and 50% juveniles) (Fig.

4.16). 1In August, nine shad had consumed 76% adult copepods and 20%

Juvenile copepods.

In summavy, all three species in the Mattaponi River during both

months consumed 85-98% copepods, by number, while the plankton crop

from the pump samples consisted of 85 tO 98% copepods. Differences

between species did exist in the proportlon of adult and 1mmature

COpepods which were present in the fish stomachs (Fig. 4.17).

4,
Rappahannock River

t 1971, plankton and fish collections were made

pt Royal on the Rappahannock River.

In July and RAugus

a
T a station five miles above PO

The July sample of zooplankton contained 40% cladocerans, mostly B.

SOregoni, 54% immature copepods and 6% adult copepods. In August,
ladocerans made up 50% of the sample and 499, of the sample consisted

4,13 and 4.14). Meter net collections

of 5

immature copepods (Table
in the same period consisted of 66% ocladocerans (mostly L. kindtii),
and C. vernalis), and 8%

259 -
5% adult copepods (E. affinis, E- agilis,

insect
s and mites.
y for stomach analysis had

B
‘i539295§ - Ten bluebacks collected in Jul

heir stomachs contained 74% clado-

q
mean length of 35 mm FL, and ©

i) and 26%'adult copepods.

Ce Tn August, 10
Tans (mostly B. coregoni n AUgESEy

nd 29 adult copepods (Table 4,13

£1
Sh had eaten 69% cladocerans &
ang Fig. 4.18).

A1
“SWEEE - Ten alewife taken in

July consumed 93% cladocerans and 7%
ule copepods (Table 4.13 and Fig- 4.19). In August, however, 10



4-21

alewives consumed 62% cladocerans, 219% adult copepods, and 17%

immature copepods.
Améziggg_ghgg - No American shad were collected in July of 1971 from

the Rappahannock River stations. The August collections yielded

Seven American shad whose diet was 509 cladocerans, 45% adult copepods,

and 3% insects and arachnids (Table 4.13 and Fig. 4.18).

It appears that all three alosines examined from the Rappahannock

River are avoiding juvenile copepods and actively selecting the

3dult form (Pig. 4.19).

S.
Potomac River

Fish and plankton collections from the Potomac River in July and
Augyst of 1971 were made in mainstream near Quantico. The plankton

Pump sample taken in July consisted of 62% cladocerans (mostly B.

hocercoides), 37% immature copepods, and
anthocerco=2

C .
<0Tegoni and Leydigia acant
ocerans made up 84% of the zoo-

% aduit copepods. In Bugust, clad

Plankton sample and copepods contributed only 14% (juveniles) and
2% (adult) to the sample- Meter net collections in the same area

ans (mostly D. parvula, D. branchyurum,

Q .
Onsisted of 91% cladocer
insects and mites (Tables

nd L. kindtii), 6% adult copepods and 3%

%14 ang 4.15).

B

. bluebacks in July reve led
\iEééégk - Stomach analysls performed on 10 b4 Y a

that oladocerans represented ngg, of the food items numerically with

L acanthocercoides being dominant followed by

Tn August,

imma#ure copepods (36%)

" the 10 fish examined had eaten

Sl
'd adult copepods (15%)-

pods and 3% ostracods (Fig. 4.20).

9
0% cladocera, 7% immature cope
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Aiﬁﬂiﬁg - DAlewives were considerably larger than the bluebacks taken

in a given sample. The July sample of 10 alewives revealed a diet

acanthocercoides and B.

consisting of 44% cladocerans (mostly L.

SOregoni), 46% immature copepods and 10% ostracods. In RAugust, 10

alewives had consumed 61% cladocerans, 00% immature copepods, 18%

Ostracods, and 1% adult copepods (Fig. 4.20).

American Shad - No American shad were collected in the Potomac River

\\____

during the July period. Three shad collected in August had consuﬁed

44% cladocerans, 36% immature copepods, and 17% ostracods (Fig. 4.20).

The juvenile alosine fishes in the Potomac River appear to be

Tandomly feeding upon small planktonic crustaceans and algae, in that

stomach contents closely approximate the standing crop of zooplankton

(Fig. 4.21 and Tables 4.14 and 4.21). All species of Alosa in the

Potomac River had consumed & considerable quantity of blue-green

algae.

A listing of major food items in the stomachs of blueback herring,

dlewives, and Bmerican shad from all of the privers surveyed during
July and August of 1971 is presented in Tables 4.16 through 4.20.
Composite meter net collections for July and August in each river

are given in Table 4.21.

Rlectivity indices suggest @ sartitioning of the food resources
in the nursery areas by the three AlOS3 species examined (Table 4.22).
Indices were calculated for the pump samples of zooplankton and
Stomach content data from the James River. plueback consistently
ghout the summer months (+. 09 tg +.48)

Selected for cladocerans throu
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and .
against all life stages of copepods (-.05 to -.72). In contrast,

Burbi
idge (1974) found a strong positive selection for adult copepods.

Ale
wives, however, have a strong preference for adult copepods

N
0 to +.93) and a weak selection for cladocerans (-.38 to +. 33).

Irmm ,
dture copepods are strongly selected against by the alewife

(-,
30 to -.52). American shad electivity values were inconsistent

fOI"
adult copepods and cladocera. This is attributed to relative

dOm 3
inance of these organisms in a given sampling period. The "other"

cat
egory of food items which includes ostracods, insects, and fish

is . _
more important in the food habits of the Bmerican shad than for

eith .
er river herring species:

G.
Discussion and Summary Of reeding Habits

complex aspect of I

Feeding biology is & ish 1life history and

n of co-occurring fishes of similar

Cve .

n more difficult in a compariso
r not a fish eats
ish, fish size, time of day, pref -

fands :
eding habits. Whether O any given prey item may

de
Pend upon the morphology of the f
e of preys density of prey item being con-

its study should in

er'e
nce for that item, siZ
clude collections

81
dered, etc. A complete £0od hab
hs and time intervals through-

Of 4
fish and prey organisms at various dept

oy
€ the day and night.
pted for the American shad

Prefepped food items have been TEPO

g are considered as random feeders on

an .

d alewife but blueback herrin
t . s .
he zooplankton. Juvenile shad in the Mattaponi River actively feed
early evening (MaSSmann, 1963). Brooks

Upo
Pon supface insects during the
oted selective feeding by

a
Nd Dodson (1965) and Hutchinson (1971) n

ers available until these Prey items

Al @
ewives on the largest zooplankt



Were eliminated or reduced to that density where it was not profitable,

in an energy sense, for the fish to continue thunting. "

Burbidge (1974) concluded that blueback herring in the James

River were largely random filter feeders with their diet closely re-

fleCting the zooplanktOn standing CTOop. The data presented herein

Tend to support that hypothesis if only the pump samples of zooplankton

re oonsidered. Larger food items; principally the cladoceran Lepto-

dora, ostracods, fish larvae, and adult copepods taken in the meter
net collections were rarely found in the stomach contents of blueback

Nerring, This was true even when larger forms dominated the z00-

Dlankton cOmpleX present in the nuI‘Sery ared. This ObSéI‘Vation indi—

Cates avoidance of larger plankters by blueback. The functional basis
for this avoidance of larger Prey by blueback 1s unresolved. Analysis
1 paker spacing relative to

Of mouth gape, gill raker length and gil

losa is in progress.
Alosd

flSh size for each SPeCieS Of A These data will

be velated to prey size and food habits TO assess the question of

aVoidance or selection of prey bY alosine fishes in the nursery ared.

to select larger f

would be unavoidable

Alewiveés appear
°f the abundant smaller forms during feeding.
Juvenile alewives held in the 1aboratory have been observed to select
Individual food items in situations of low PTey density and they are

known to eat larval fishes (Hoagman, 1974)-

The feeding habits of juvenile american shad appear to be inter-
1ewife. Of the three Alosa

Mediate to those of the plueback and &

he American shad most closely coincides

Sbecies studied, the diet of €
With the zooplankton standing CTOP as shown by the combined pump and

m
&Ter net collections.

ood items although some ingestion
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Laprval fishes have not been reported as food items of alosids

in the estuarine nursery areas- However, when larval fishes were

available in fair concentrations (as in the James River during June),

then both the alewife and American shad will consume them in appreciable

Quantities.

A primary concern for accurate assessment of the feeding biology

of planktivorous fishes is definition of the standing crop of avail-

able prey organisms at the time that the fishes are taken. The pump

Samples used in this study (100 gal=0.38 mo) are quantitative in that

& fixed volume of water was strained. The problem with this technique

1s the tendency for larger zooplankton to avoid or be repelled by the

Pump head. This bias was present in Our samples as shown Dby the com-
DOsition of the standing crop of zooplankton from the meter net samples.

The major drawback tO the meter net is the difficulty in quantification

°f samples. Towing speed, current speed; and backwash due -to clogging
Contpibyte to errors in quantities of water actually strained in a net
Set. The Clark-Bumpus net, though metered, also tends to backwash,
thus causing similar bias in the data. small C-B nets have the added
blas of gear avoidance much like the pump technique. Understanding
ad acknowledging the 1imitations of the sampling technique and
Sthedule, the results of the present study are interpreted as a com-
Parative synopsis of feeding habilts of alosine fishes in five major
Mrsepies of Virginia during the summer Of 1971,

epikingly differen
ion of the zooplankton. Clado-

The Mattaponi River is s t from the other TiVers

Surveyed when considering the composit

C®rans (mostly B. coregoni) represented between 24 and ga% of all

he James,'Pamunkey, Rappahannock,

Z00plankton in the pump samples from t
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and Potomac rivers during July and August. However, cladocerans

amounted to only 11.7 and 1.9% during the same month in the Mattaponi

River. The percent composition of adult copepods in all rivers was

low in the pump samples with the maximum contribution to the sample

amounting to only 5.6% in July (Rappahannock) and 5.8% in August

(James). Immature copepods in all rivers, constituted 37 to 82% of

the zooplankton numerically in July and 14 to 98% of the zooplankton

in August. In both months of comparative data, the greatest numbers

of young copepods were taken in the Mattaponi and the least were

Caken in the Potomac.

During July and August collectively, the zooplankton standing

Crop (mean number/m3) from the puwmp samples was greatest in the

Potomac River (12,125) followed DY the James (11,252), Rappahannock

(10,719), Mattaponi (4,221); and Pamunkey (4,004) (Tables 4.11 and
4.14), This ranking by abundance of zooplankton coincides with the
Pankings by productivity and standing crop of phytoplankton (Chloro-

Phyll a) in the various rivers during the summer of 1971.
The diet of blueback nerring during July and August in the nursery

area is largely composed of cladocerans and immature copepods. Nu-

groups represented 70 to 100% of the food

Merically, these two food
for this species in all samples except the July collection from the
y 25% of the diet). Blue-

Mattaponi River (when they represented onl

back herring feed mainly on the more abundant, smaller members of

t 3
he zooplankton in all rivers.

nged from small zooplankters in July

Food intake of alewife cha

cladocerans and juvenile copepods

t .
© larger prey organisms 1D August.

of all food items consumed by alewives

COnstityted between 80 and 98%
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in all rivers in July (mean length of fish = 56 mm FL). In August,

smaller zooplankton species accounted for only 35 tTO 80% of the food

in the stomachs of alewives (average length = 68 mm FL) while still

contributing 94 to 9% to the zooplankton standing crop. Therefore,

Smaller alewives, similar tO blueback in size, appear to feed randomly

)

upon dominant items in the zooplankton.
d in lake situations by Brooks

Larger alewives actively

Select larger food items, as documente

and Dodson (1965), Hutchinson (1971), and Wells (1970).

American shad in the James River fed primarily upon smaller

In other piveps however, shad were more selective for larger organisms

With the August, Mattaponi River sample being most extreme (75% adult

COpepods in the stomach contents).

and Predation in the Nursery

H.  PFish Community Structure, competition,

Analysis of community structure in alosine fish nurseries requires

®valuation of competition and predation among co-oceurring forms with-

in the area. Although complete predator-prey relationships and food
habitg analysis were not conducted for this contract, certain relation-
Ships between species were developed to provide basic knowledge of

the pelative numbers, biomass, and food habits of the fishes in the

Nursery areas.

Summer juvenile abundance supveys in virginia rivers provide
®Stimates of the population s1z€ for alosine fishes during a period
°f peak biomass (see Job 3 of this report). However, these surveys
do not provide adequate biomass data for the other members of the

lchthYOfauna, partlcularly the predators. Species expected to be
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Predatory upon alosine eggs, larvae, and juveniles tend to disperse

to shoal feeding and spawning areas in the spring and summer months.

Increased water temperature during this period results in higher
/

metabolic rates and mobility of the fishes which, in turn, increases

€scapement of the sampling gear by the larger individuals.

Surveys of the fish community were conducted during the winter

months of 1972 and 1973 in yirginia rivers to assess the species

composition of the resident £ishes and tO determine the biomass of

each species in each nursery apea. FEach survey included four repli-

cate 1/4-mile bottom tows with a 30 ft 1ined semiballoon trawl at

€ach 5-mile mark from the river mouth to the head of navigation.

Major competitor species in the alosine nurseries were identified

by their known food habits. planktivorous species such as the bay

tlantic menhaden (Brevoortia tyrannus),

anchovy (Anchoa mitchilli), A

9izzard shad (Dorosoma C€ ediénum , and the threadfin shad (D.
 LDOTOSTPE
primarily freshwater minnows and

LDetenense) plus several omnivores;
y competitors with Alosa during the

Shiners represent the primar

Summer months.

Anchovies were the most abundant competitor of the alosines in
all rivers, but their distribution pattern in the estuary suggests a
Segregation of thé nabitat by spatial means. Anchovies coexist with
alosines only in the lower portion of the nursery area during summer
p food pesources of the estuary from anchovies

it -
onths, Competition fo
seaward migration of alosine juveniles

Would pe most evident during the

ood consumption of alosines in late summer

in 1ate fal1. The reduced f

gests that this competition might not be as

(Premigration period) Sug

8 . .
Cvere as intuitively expected-
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We consider the greatest competition to any given alosine species

for both food and space in the nursery area to be from other alosines.

Compared to the abundance of alosine fishes, the density of other

competitors in the nursery areas is insignificant, particularly at

surface and midwater depths.

In the summer of 1971, aggregate species weights were recorded

at all stations in the rivers. Expanding this biomass indicator to

include the 1972 juvenile abundance survey, the two-year total catches
of fishes demonstrated the preponderance of juvenile alosines in the

fish community of mainstream pnursery areas. The catch of alosines

accounted for 81% of the biomass of all competitor species per tow
the Rappahannock River (19.4 kg).

in the James River (54 kg), and 86% in

The Potomac River was sampled in November, 1971 (due to vessel prob-
true alosine biomass in that

lems) and possibly does not reflect the

System.

available to predators within the nursery

rly summer months. Eggs of river

Alosine fishes are

zone throughout the spring and e

able to several be

hePring and shad are Jvail nthic and epibenthic

feeders such as the white perch (Morone americana); white catfish,

11head (Ictalurus catus, I. punctatus,

Channel catfish, and brown bu

American eel (Anguilla rostrata);

Snd 1. nebulosus, respectively)s
Carp (Cyprinus carpio); hogchoker (Trinectes maculatus)and others,

es ape more susce

Alosine lapuae and juvenil ptible to predation by
Pelagic species such as the striped bass (Morone saxatilis), longnose

anfishes (M}EEQEEEEEE and Lepomis species), ' |

9ar (Lepisosteus osseus), S

(Perca flavescens and Etheostoma).

- Pickerels (Esox species); and percids

pecies in each river account for 96.9

The six most abundant predator S
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to 99,8% of the entire resident fish population based upon the winter

trawl data for 1972 and 1973 (Table 4.23 and Fig. 4.22). White perch

rank fipst in abundance and biomass in the York, Rappahannock, and

Potomac pivers (62 to 77% biomaSS). White perch in the James River,

hOWevgr, have declined drastically gince 1971 (St. Pierre and Hoagman,

1974) and accounted for only 0,1% of the total predator biomass in

1972 and 1973. The three catfish species combined accounted for 17

to 21% of the predator biomass in all rivers except the James where

they repfesented g8y of the fishes taken in the survey (biomass).

and cyprinids were the remaining more

American ecel and longnose gar are

Hogchoker, striped bass,

dbundant predatory species: The

not adequately sampled with the crawl during the winter months and
their tpue position in the ranking of predators 18 unknowni
ijes in a numneric and biomass

The magnitude of the competitor SPEC

pelative biomass estimates presented

Sense ape not reflected by the

The community stpucture data is biased

from the winter trawl surveys:

sh species. Menhaden and alosines are

by the biology of particular fi
ypically absent and anchovies tend to stay in the higher salinity

areas neaper the Tiver nouth in the winter. pDominant competitors

°f the alosine fishes are 1isted in Tabl
a4 biomass values represent only the winter situation.

tes are 1owest from the James River (4.76

Total biomass estima
kg/tow) for both years combined; and increase progressively to the

Potomac (16. 65 kg /tow).

p suUrveys (excluding anchovies) were

n Total numbers of
Orthernmost river, the

fish caught during the two winte

iver (20:332) a
g nearest the mouth of the Chesapeake

als nd highest in the Potomac
1so lowest in the James R 97

(70’527){ The James River, lyin

e 4.23 but the rank, abundance,
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Bay, provided the largest species 1list during both years of the winter

survey (34 and 37, respectively). 5 progressive northward decline

in the species list occurred, with the Potomac having only 24 species.

I. Discussion of Community structure
Rappahannock, and Potomac rivers un=

White perch in the York,

doubtedly account for the major portion of the predation upon Alosa

®9gs and larvae in these systems. Tn the James River, channelvcatn

robably assume the dominant role of predation

fish and brown bullhead P

Upon eggs and larvae. poth of these catfishes typically feed upon

benthic invertebrates’ Small fiSheS and dEtritUSO DiI‘eC’C Correlatic)n

of juvenile alosine abundance to predator loads in each system would
Not be yalid with the present data. We would need estimates of

Predator population size TO make @ neaningful analysis.

The southerly estuaries are more diverse (particularly in the

and northern rive

Sustaining a considerably greater piomass of fishes. The James

supports the la
The high productivity and standing

m - . e more ho
€50 polyhaline zones) rs are m mogeneous,

River, however, typically rgest alosine population of

the Virginia tributaries (Job 3)-

ames River may explain the larger annual

Crop of zooplankton in the J

As nentioned previously, competition from anchovies

1y to the jower freshwater and transition

1 . .
N the pivers is limited 1large |
n the stomach contents of 1

Q .
Top of alosines.

larval anchovy 1

2
Ones, fThe presence Of
dicate that anchovy in its larval

Alewives and American shad may in
g item for plosa,
p of Alosd. The James River

S . but as 'ﬁveniles a
tage is important as & foo J nd

%ults this species is @ competito
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further differs from the other estuaries in that it sustains the only

population of threadfin shad in the major Virginia tributaries (pri-

marily in the oxbow area of the river system).

Predatory species such as bluefish and weakfish feed upon adult

Alosa after spawning and upon the juveniles during their seaward

migration. Once in the Atlantic Ocean, the role of various predatory

fishes and the number of species exerting an effect is unknown at

this time. An undetermined loss of juvenile alosine fishes can be

’ and other piscivorous birds

attributed to the various gullSQ terns,

that follow the schools of young fish in the nursery.

J.  Production of qugﬂiié,ﬁlQii—EgléEiygrto Nursery zone

Characteristics

Total production of juvenile alosines in virginia tributaries

1uctuated widely
1970 level. However, the abundance

of Chesapeake Bay has f put in 1973 had declingd to

approximately one-fourth of its
iver indicates a high degree of independence

data obtained from each T
ey Tivers. Physical, chemical,

for each river relative TO the oth
and biological attributes of the geveral rivers are considerably
h factor measured was varying at

different from each other; but eac
its own pate. No pattern was ovident among them tO explain the
Observed fluctwations in yearclass production between rivers in the
Same year, nor in between one river over the several years of the

ipe in the stocks of alosine fishes has been

Project. Thus, the decl

attributed to fishing (s€€ Job 2
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The surface area of open waters available in the nursery zone

of alosines, as well as bordering wetlands, is an obvious feature of

the rivers which would separate the nurseries as to potential for

Production of alosine fishes. Following this line of thought, the

ranking for potential juvenile production is Potomac, James, Rappa-

hannock, Pamunkey, and Mattaponi. This order is not consistently

found in the data obtained under Job 3. The ranking obtained on

the basis of bordering marsh/open water area is York, Rappahannock,

James, arid Potomac rivers, but this also does not fit the observed

production in Virginia rivers. Areas in the

job (Table 4.2), differ slightly.

data on yearly alosine

Nursery zone, as presented in this

from those cited in Job 3 (Table 3.13). The former were developed

to separate the mainstream and tributary waters, whereas the latter

areas are a composite of both habitat Types presented by Cronin

(1971)_ Separation of mainstream and tributary apeas for Job 4 was

mation On the amoun

. , of each avai.
desired to provide more infor t available

habitat type.

nal parameters extant in the biological

The variability of individ
s formulation of ¢
fishes. Relationships between

e and effect statements
Systems studied preclude aus

Telative to production of alosine
Observed alosine production and nutrients, standing crop of phyto-
Dlankton, primary productiVitY7 gooplankton standing crop, and co-

However, many significant aspects of

iMhabiting fishes are unclear.
the alosine nursery areas nave been documented in the pursuit of

0 .
Ur job objectives.
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K. Summary of Job 4

1. Alosine fisﬁes occupy & niche in the tidal freshwaters of the

estuary which is not appreciably utilized by the resident fish fauna.

The presence of a threadfin shad population in the oxbow reaches of

the James River presents an opportunity to evaluate competition

between the alosines and threadfin shad.

2. Competition among the RAlos? species probably is more severe than

between Alosa species and OtheT pesident fishes, except for thread-

fin shad.
3. Nutprient loading and nigher phytoplankton standing crop in the
enrichéd waters of the James and Potomac rivers result in higher

An inconsistent trend to this gen-

Production of alosine fishes:

otomac rivers are compared.

frality is apparent when the James and P

d and enriched, yet the James 1is

Both pivers are highly develope

oducer of alosine juveniles.

COnsistently a better P¥
4.

rable in nutrient levels and -other

Tributary streams are MOre s
biological indices than are the nainstream areas of the major
£ high punoff (i.e-, Tropical Storm

tributapy rivers during periods ©
f small streams
The contribution of the tributary

. in the nursery zone may
Agnes). The significance ©

be greater than previously thought- ‘
Streams pelative to mainstream apeas in the total production of
losine juveniles should receive further investigation.

merican shad partition the nursery area

S Blueback, alewife, and A

bution and food habits. This aspect of thelr

by both spatial distri

e intensive study with a continuing

e .
COlogy is currently under MmO

e : ) .
Nergetics analysis on alewife-
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6. Juvenile alosines dominate the ichthyofauna of the tidal-freshwater

T . . s :
eaches of pivers in Virginid during summer.

ident fish fauna of the nursery zone

7. White perch dominate the res

K, Rappahannock, and Potomac river

during the winter months in the YO

nd brown bullhead dominate the

Systems. Channel and white catfish a

Nursepy zone of the James RiVeT during the winter-
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T - . » . ‘
able 4.1, Tidal wetlands acreage 1n yirginia 1n the major tributaries

to Chesapeake Bay.l

~———
—
R . wetland Type
1 e
et Wooded Open  Wood-  Tidal
“Lstem Marsh Maprsh _ Creeks land Flats Total
Po
Fomac 1,790 8,835 6,601 0 1,123 18,349
Ra
“PPahannock 6,689 15,496 10,785 100 722 33,812
Yo
‘ R 3,083 23,482 5,939 1,134 3,131 36,769
Ja )
{ nes 17,676 18,164 7,604 763 3,784 47,991
\ /

lp
Tom Wass and Wright (1969)




Table 4.2, Spawning and nu
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pgery areas of alosine

rivers of Virginia.2

fishes in major

River gystem

e
Spawning and Nursery Areas
Tributaries

Potomac
James
Rappahannock
Pamul'lkey
Mattaponi

4
aggk (Pamunkey
Mattaponi)

~——

Mainstream - Total
River Miles Acres River Miles Acres Acres
60-95 44,963 35-95 16,016 60,979
35-84 38,659 35-84 2,758 41,417
40-93 13,737 30-93 1,862 15,599
30-70 6,325 30-70 790 7,145
30-60 3,776 30-60 103 3,879
10,101 893 10,994
_______ﬂ__~’___,ﬂ,__,__,_,_,

2
rom Davis et al., 1970
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Table 4,3, A 1list of parameters monitored on & monthly schedule in

the alosine nursery grounds of Virginia between May and

October, 1971.
Phv as v
fhysical Parameters

Discharge rate (cf/s)

Turbidity a) submariné photomet
- b) secchi disc (in O.

Temperature (C, 5 M intervals an

er (10% light penetration in cm)

1 m)
d bottom)

Chers
8mical Parameters (5 m intervals and bottom)

S§linity (ppt)
Dissolved Oxygen (Ppm)
g;trate (ppb)

osphate (ppb
o ppb)
Alkalinity (ppm CaC03)

Bi X
Ological Parameters

ghlorophyll a (ppb, surface a G b
3 s o3
primary prOdUCt1Vlty (ng ep with Cobb trawl, bottom

Fish . . ace and midwat
species 1list (surf emiballoon otter trawl)

with 30-ft s
* 0 species/tow)

E?SE lengths (mm FL, UP to.5 per Fow)

ish abundance (total specles .

Stomach COntenté of féshes (up to 10 5p601es/month per nursery)

oopl t, qualitativ=. ;

planicon Emiigrsggpie? quantitatlve, 100 gal, 202 mlcron)
(gump sample, quantitative, 100 gal, 35 m}cron)

Phytoplankton (pump sample, quantitative 100 gal, 35.mlcron?

quantitative, 1 qt, 35 micron filter)

Nannoplankton (pump sample;
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Ta
ble 4.4. B list of parameters monitored at five stations in the

James River between May and October, 1972

Phoes
fysical Parameters

Discharge rate (cf/s)

Turbidity a) submarine PhOtOMELEr (10% 1light penetration in cm)
b) secchi disc (in 0.1 m)

Temperature (C, 5 m intervals and bottom

Chems
lemical Parameters (5 m intervals and bottom)

Salinity (ppt)
Dissolved Oxygen (PPM)
Inorganic Carbon (ppm)
Organic Carbon (ppm)
Total Carbon (ppm)
NHz-N (ppm) surface &
NOo-N (ppm) surface &
NO3-N (ppm) surface and bottom only

Total Tnorganic Carbon (ppm) surface and bottom only
Orthophosphate (ppm) surface and bottom only

Total Phosphate (ppm) surface and bottom only

nd bottom only
nd bottom only

Big .
=20logical Parameters

Chlopophyll a (mg/m>)
Cl4 primary productivity (mgcom3-
Zooplankton species list
Zooplankton species abundance
Fish species list

Fish species abundance

Alosa spp food habits

Fish species lengths

Alosa spp lengths
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Table 4 i data for several estuaries of
.5. Mean monthl nutrient data
Chesapeake %ay in June-October, 1969i, and at Dutch

Gap in 1969 and 1972 (James River, Mile 73).

Mean Monthly Concentration

; jeldahl
HiEEggen as N (Mg/1) June July Aug. Sept. Oct.

0.75 0.42 0.75 0.80

Susquehanna 0.75
| Patuxent .45 1.50 1.25 1.40 1.75
P,_otdmac 0.4 0.85 0.70 1.07 0.90
| Rappahannock 0.5s7 0.80  0.55 0.63 0.60
| James (1969) 0.40 1.10 0.69 0.80 0.38
James (1972) 0.69 0.66 0.72 0.89
S— -
| §§t§ate and Nitrite
~ (mg/1)
Susquehanna 0.38 0.45 1.10 0.60 0.65
Patuxent 1.82 2.60 1.55 2.18 1.89
Potomac 0.04 0.60 0.58 0.37 0.41
Rappahannock 0.60 0.43 0.32 0.21 0.22

0.40 0.58 0.40 0.80
James (1969) 0.83
9% 2.28 2.29

James (1972) 1.78 1

To
astal Phosphorus

P
04-p (ng/1)
0.12 0.15 0.09 0.13

Susquehanna 0.12
3 2.20 3,08 5.60
Patuxent z.62 4.34
0.40 0.42

Potomac 0.60 0.46 ,

0.23 0.15 0.20 0.26
Rappahannock 0.41

0.40 0.24 0.15 0.14
James (1969) 0.10

0.46 0.40
Jamesg (1972) 0.38

‘__#’__,ﬂ_,,,__ﬂ-———-——~
(1970)-

L From Jaworski and Hettling
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Table 4.6. Total primary productivity values for the mainstream and

tary areas in the alosine nursery zones during 1971.

tribu
\ -
T ctivity® Percent of
Primary productivity
~Rdver (kgC/hr) Grand Total
fotonac 3,704 63. 5
tames 1,228 01.1
Pamunkey 060 L5
t~——— /

! Totay Primary Productivity in kg Carbon/hr=
r acre) X (104 m? /hectare)

L<A°res from Table 4.2) X (0.40469 hectares Pe
X (depth of 10% 1light in meters) X (primary productivity rate, mean

]
"9Cmd. ey X (1 gram/1,000 1) x (1 kg/1,0009)
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2

Table 4.7. Primary productivity values for 1,000 m” surface waters

in the alosine nursery sones of five rivers during the

summer of 1971.

\ - 3
Primary Productlv%ty
» hr. 000 m#
—~———— River I (gC hr. 1, me )
S.O
Potomac 1
8.9
. Pamunkey
7'3
James
ofa 601
Rappahannock™
5.4
Mattaponi-
\

p station deleted from computations.

“Aberrant June value at lowe
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and zooplankton abundance in the James River during

1971.
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Comparative food habits and mean lengths of fish

examined for three species of alosines in the Pamunkey

River during July and August, 1971.
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Figure 4.19. Comparative food habits and mean length of fish examined

for three species of alosines in the Rappahannock River

during July and August, 1971.
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Comparative food habits and mean length of fish examined

for three species of alosines in the Potomac River during

July and Rugust, 1971.
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Job 6. Development of culture technique.

The intent of this phase of our research program was to develop a

culture methodology for the alewife and blueback from the egg through

juvenile life stage. vYoung fishes at various ages would thus be avail-

able for exPerimental studies, experimental animals would be of the

same parentage, and experimental animals would have a known history of

exposure to various environmental factors.

Representative series of specimens fyrom the various experimental

epved for a reference collection and as descriptive

1 development of the fishes. Hybrid

matings were pres

material for embryonic and larva
| crosses were attempted €O evaluate the potential success of interbreed-
ing between river herrings in nature and to provide larvae of known parentages.

The alewife and blueback utilize the same habitat as spawning grounds

1ap in time. We have seen adult repre-

and their spawning seasons over

al catch which appear to be hybrids_from both

—re——

sentatives in the commerci
geny from these crosses will

P Y St

reciprocal crosses: comparison Of the pro
xisting identification problem for

hopefully assist in clarifying the €

. larval alosine fishes.
1973 Studies - The rearing Of larval alosids during the spring of 143973

culture facilities at yIMS. The experimental

was attempted in the

crosses were alewife X alewife, blueback X blueback, and ¢ alewife x %

blueback. Adult fish were captured in rpibutaries of the James River.

ization and culture techniques were similar

Methods of capture, fertil
to those of previous years with some minor nodifications in later attempts.

Methods and Materials

The adult £ish weré captured on the spawning ground by gill net,
dip net and/or cast net. Fish having suitable gonad condition were then




S S

transferred to a holding tub until fish of both sexes were captured
2

whereupon the eggs were stripped into the bottom of a shallow plastic

pan and fertilized. Later eggs were stripped onto a sheet of netting

in the bottom of the pan and feprtilized. This change eliminated un-

necessary mechanical damage to the eggs as they were transferred to

incubation trays.

The fertilized eggs were then transported to the culture facilities

and placed in incubation trays to natch. - The eggs were examined daily to

determine egg developmenf, mortality, and larval development.

The culture trays used were of several types. One system consisted
of a reservoir holding approxﬂnately 150 gal, 3 trays with a flowing-
water system above the peservoir and another reservoir above the trays to

The water was punped from the bottom reservoir

provide a supply of water:

to the tank at the top- Water was then gravity-fed by plastic hose to each
individual tray from the toP tank. At the discharge end of each tray a

bottom reservoir thereby creating a continuous flowing

hose led back to the

was passed through
n each tray a piece of netting was suspended

system. Water glasswool and charcoal filters on its

return to the reservoir. T

bove the pottom and the eggs were placed upon this

approximately 1 inch 3
This arrangement created a reasonable simulation of

for incubation.
ded water circulation above and below the

natural conditions and provi

eggs . .
ion tanks consisted of aquaria with netting suspended

Other incubat
e eggs were placed on the netting for incu-

ter surface and th
laced in each tank pr

under the wa
ovided aeration and water

bation. Two air stones P

n these tanks wWas filtered through glasswool and

circulation. Water i

charcoal.

A




6-3

A fungicide (Wardley's Stainless) was added to the culture systems

after the eggs were placed in them. Dead eggs and embryos were attacked by

fungi and through subsequent fungus growth, the live eggs nearby be-

came smothered. Approximately 1 oz of fungicide per 50 gal of water was

added each 2 wk. This treatment did not satisfactorily control the

fungus.

Food for the larval fish was obtained from a nearby freshwater pond.
Pond water was poured through a 35 p plankton net to concentrate the food
organisms. Approximately 40-60 gal of water were strained for each feed-
ing and resuspended in 1 to 2 gal of water. The concentrate was then
placed in the culture tanks at the rate of approximately 1 qt to 20 gal
thus approximating natural food concentrations. The
concentrate was examined under a microscope to ascertain presence of food
rotifers, veliger larvae, insect larvae,

organisms. Green algae, diatoms,

and other zooplankters wWere in the concentrate.

n from the culture trays at 12 or 24 hr intervals

Samples were take
e stage of developm

icroscope tO determine the developmental

depending upon th ent of the animals. The samples were

examined under a dissecting m

m each of these samples approximately 10 fish were

stage of the fish. Fro

ormalin €O provide series of each cross through their

preserved in 10% £
development stages:

Results

A. AMlewife x alewife

73, adult male and female alewife were obtained from

On April 30, 19
The eggs were stripped and ferti-

« in James City County.

Courthouse Cree
lized at the collection site. Live eggs in the 2-4 cell stage were placed

w culture trays at yIMS 5 hr later.

in the continuous £10




At 24 hr,a sample was removed and e i
xamined. Of 42 eg i
gs in the sample
)

nine were dead representing a mortality of 21%.

At 48 hr, mortality exceeded 50% with large clumps of eggs dyi
ing and

being engulfed by fungus. 1n live eggs, the embryos were at the tail
free stage and beginning to show movement.
At 60 hr, hatching had begun and by 72 hr most of the eggs had hatched.
Many of the newly hatched larvae were being entrapped in the fungus masse
These fish became entangled in the hyphae and subsequently died. Severals.
clumps of fungus were removed and the 1ive larvae picked from them. These

sferred tO another tray

larvae were tran but were in poor condition.
At 4 days, most of the larvae in the tray were dead or near déath.

After 5 days, all the 1arvae were dead.

Lapvae that were removed from the clumps of fungus and transferred

re apparently weakene

sell enough to escape the flow tcward the drai
n

o . .
another tray we d by their prior encounters with

fungus. They could not swim

and were killed on the discharge screen.

B. Blueback X blueback
On May 9, 1973, adult bluebacks were

f the Chlckahomlny R

collected from Diascund Creek
>

iver. The eggs were stripped, fertilized

a tributary O

ure fac111t1es at VIMS. Embryos were in the 2-4

and peturned to the cult
hey were placed in two incubation trays and an aquarium

cell stage when t
had developed to the tail bud stage. Mortality

At 20 hr, the embryos
_60% in the trays
atching but mortality in all systems was very

was estimated at 50 and 80-90% in the aquarium.

At 44 hr, larvae were h
gs were dead and M

Oon the fifth days a1l fish larvae in the trays were dead, égain ap-

glement in the fun

atted by fungus.

high. Most of the eg

parently killed by entan gus and encounters with the
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drain screen. In the aquarium however, many larvae were alive. By the

| sixth day all larvae in the aquarium were dead.

C. Blueback x blueback and hybrids

On May 15, 1973, adult bluebacks were collected from Diascund Creek.

These fish were stripped and fertilized at the collection site. One fe-

male blueback was fertilized with sperm from a male alewife. The eggs

were stripped onto pieces of netting placed in the plastic pans. The

netting was transferred to the tanks and trays at VIMS for incubation.

The eggs were in the 2.4 cell stage of development when transferred. The

alewife x blueback eggs were maintained separately from the blueback eggs.

At 19 hr, embryos were developing an early tail bud. The embryos

from the hybrid cross nad less mortality than the blueback embryos.

ce in embryonic mortality was quite apparent

|
|
; At 43 hr, a differen
. The blueback embryos had from 40

nd hybrid eg9 lots.
d 60-70% mortality in the trays. The hybrid

between blueback a

Embryos of both groups were almost fully

|

1 to 50% moptality in aquaria an
| .

i mortality.

cross had only 10-20%

' developed at this time:
At 67 hr, the lapvae were hatching out in all trays and tanks. The

mortality in the hybrid cross was still far less than in the blueback embryos.

At 92 hr, the incubation netting was removed and many larvae were
present in all tanks. The rrays had the lowest nunber of larvae.
ae were alive and swimming. The yolk

the larv

At 5 days (118 hr),
f absorbed and the mouth parts were beginning

sac was approximately hal

to develop on the larvae:

At day 6, the mouth parts of the blueback larvae were well-developed

- and yolk sacs were nearly gone.
bower failure resulted in & rermination Of geration and water circulation

The hybrids were in poor condition. A

in the tank containing the hybrids . The larvae were alive (heart beating)




for several hours after this, but all eventually died. Until the power
failure, hybrid larvae seemed more vigorous than the blueback larvae.

On day 7, the blueback had absorbed their yolk sac and their mouths
were nearly fully developed.

On the eighth day, concentrated plankton was added to the tanks.
Two days later, the remaining larvae in one large tank were transferred

to a large circular tank with a biological filter and more concentrated

- plankton was added.

On day 11, no fish were visible in the aquaria and only a few were
sighted in the large tank. On the fifteenth day no fish were sighted in

any tank and all were assumed dead.

Discussion

Culture of marine fishes bloomed in the late 1800's and has con-
tinued with an ever-increasing pace and scope (Shelborne, 1964). In-
terest has centered upoﬁ the commercially important species and the
methodology for the production of young fishes. These young fishes i.e.
plaice, sea herring, salmon, rainbow trout, etc., have been utilized for
experimental studies of tolerance and preferenda as well as replacement
or replenishment of depleted stocks. The breadth of interests in larval
fishes spans the areas of identification, anatomy, physiology, nutrition
and growth, culture methods, swimming speed, sampling gear efficiency,
population dynamics, etc. The importance of larval fish and their
ecology to adult stocks of commercial fishes has been taken for granted
for many years. The national and international concern for management
of the marine and estuarine fisheries has brought about a renewed interest
in lapval fish ecology: Today; researchers are engaged in discrete

studies of larval and juvenile fishes the world over as evidenced by the
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FAO sponsored international symposiumn on the early life hist
1lstory of

fish held at Oban, Scotland in May, 1973.

Culture of alosine species in the U.S. dates back to th
e early

hatchery operations for ABmerican shad in the mid 1800's (Walb
urg and

Nichols, 1967). Construction of dams, channel dredging, incr 4
s ease

urban and industrial development and the attendant waste and ch
chemical

additions to the water I i
p in the various streams alon
g the eastern s
eaboard

prompted a rebirth of concern for anadromous fish stocks. The VIMS
. re -

search program has docunented the spawning and nursery areas, monit
: ’ nitored

the commercial catch by the domestic fishery for age structure a d
nd status

of the stock, described the abiotic and biotic characteristics of th
e

intained a program to ascertain relative year cl '
lass

nursery area, and ma
strength in the various tpibutaries. Realizing the need for controlled

rolle
n alosine fishes relative to fluctuations in

experimental information O
abitat alterations,

i R ARSI

natural factors and h VIMS sought to develop a methodol
dology

alewife and blueback f

then be available to sciéntists for evaluatio
n

f .
or culturing rom the egg through juvenile life

stages. Young fishes would
of fish tolerance and preference to various factors or conditions in th
e

and fish physiology.
y for the alewife and blueback will

water, fish behavior,

£ culture methodolog

Development O
T the_description ofﬁthe young stages from

provide study material fo
ndsdmawamw
d blueback in the egg and larval stages are

known parentage a a functional identification scheme for

all life stages. Alewife an
ish from each other (Mansueti and Hardy, 1967;
2

difficult to distingl
hods to differentiate between these forms

Lippson, 1974). geveral met

eloped (Chambers, 19693 Wang,” pers

and other clupeids have been dev

comm.) but none hav

e the assurance of a pure series for each species

Ichthyological Associates, 100 S. Cass Street
J

“Johnson C. S. Wang,
19709

Middletown, Delaware




back from the egg through juvenil

These m utilized time O n :
ethods ilize e of spawning season as a se .
parating mechanism

t i ;
o provide study material of each species from field collecti
lections.

T] . . . . .
ese deSCIﬁlPthUS aI).d 1deIlt1f1Catlon aidS Wil _be a ]
PP icable
to

n I T

£i i -
sh act, environmental impact surveys by consulting firms, and lab
’ aboratory

research programs On behavior and physiology.

Several persons have reported at
tempts to rear alewid
ewife and/or bl
ue-

e stages, but no one has succeeded to

) 2 COO Yerx lg .
J 61.’

Mansueti, 1956, Norden, 19673 0dell, 1934; and Cianci, 1963. O :
. On-going

programs include those of Tchthyological Associates (J.C.S. Wang)
. . . ng‘ 3

and N.U.S. Corporation (B. Marcy)

Texas Instruments (W. Tarplee),

Summary of 1972-1973 Culture Exgeriments

1) Adult Alosa Eseudoharengus and A. aestivalis taken from str
LYo SRS e eams in

ition can be used as sO
d be checked for condition of the eggs bef
ore

spawning cond urces of viable eggs and sp
erm .

However, each fish shoul
Only those fish with "free flowing" eggs should be
used

stripping.
ilization. Additional tests should be

to assure a high percent fert
ne period of time after ovulation in which

conducted to assess t
feptility remain$ high. These tests could be patterned after th
ose
developed for striped bass culturists at Monck's Corner, S. C
J . .

Gill net sets of short duration and seining a
re

(Bayless, 1973).

as collection techni
rtilization and hatching success using field

ather than gpransporting adult fish to the laborato
ry

fertilization T
aking and-fertiliz

ge for alewife and b

for egg € ation.
lueback eggs stripped at

2) Fertilization percenta

ture exceeds 75% «

The "semi-dry" method of artificial

the site of cap




4)

>)
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fertilization gave better pesults in our study than either the d
ry

or wet method. Cianci (1969) obtained a high fertilization rate

using the "wet method.”

Artificially fertilized eggs are slightly adhesive and this prepert
' - Yy

causes some problems in rransfer of eggs from the stripping pans

to the incubation chambers. In nature the eggs probably develop a

thin coating of detritus and sediment and do not stick to the spawni
ing

substrate with the same tenacity as the artificially stripped eggs in

our experiments. The addition of clay material to the incubation

water after stripping should reduceé the adhesive properties of the

eggs and facilitate nandling of the eggs in the culture facility

and wWang (1973) conclud
ations did not alter hatching success. How-

Schurel ed that suspended sediment such as

that from dredging Oper |
sults with alewife egg
nt-laden water had a greater percent hatch

ever, their re s are of questionable value

since test eggs in sedime

than did control eggs in clear water.

g successS for river nerring eggs in the culture facility was

Hatchin
ion of the eggs used in a given test and degree

dependent upon condit
ing on incubating eggs-
production of alewife and blueback

of fungus matt Typically, about 50% of the

eggs hatched in a given test.

ported by each of other studies attempting culture

sac fry has been Tr€

‘Hatching percent in our study, however, was generally

of river herring.

higher than in earlier reports:

n dead eggs in the ¢
ity to the developing embryos and to

Fungus growth © ulture trays and aquaria is a
add1t10nal mortal
Tpeatment with Wardley'

source of
y's Stainless Fungus

newly hatched larvae.
n marginally succes
pesents a chronic problem for fish egg

Remedy has bee sful, but does not alleviate the

problem. Fungus growth rTep




6)

7)

incubation when natural stream water is used. Costs of fungus control

by chemical means, although the results have only been marginally

successful thus far, are far less than those for manual removal of
a fungistat during incubation and

dead eggs. We recommend the use o

suggest experimental tests of several compounds and concentrations
before adopting a standard treatment for any culture operations.
Time of first hatch in a given experiment was 50 to 55 hr at 22.2 C
for alewife and blueback, with blueback having a shorter incubation
period than alewife. Other reported hatching times and temperatures
5 days at 7.2 C, 3.9 days at 20-21.1 C, and 2.1 days

s at 15.6 C (Bigelow and Welsh, 1925);

for alewife are 1
at 29.4 C (Edsall, 1970); 6 day
ueti and Hardy, 1967); 2-4 days at 22.2 C

3-5 days at 20 C (Mans
nubel and Wang, 1973)3; and 4.5

6 days at 15 C (sc

(Belding, 1921);
Ccianci (1969 found maximum hatching

days at 12.2 C (Cianci, 1969).

57 hours at 22.8 C.

of blueback after
back larvae are unable to stem a slight

Newly hatched alewife and blue

current. They SWim toward the water surface in a nonfleowing systenm,

The larvae repeat this behavior pattern for

then pause and sink.
the bottom of the aquarium. Mouth parts

2.3 min before pesting Oon

o days after natching. Atthis time theyolk has

become functional
d to approximately one-third 1ts original volume. The

havior pattern continue

been reduce
s through this stage.

swim-up and sinking be
and Cianci (1969) cited similar behavior for the yolk

Mansueti (1956)
ce of this activity is probably related to

The significan

nat the eggs of riv
coward the water surface would a) allow

sac fry.
er herring are demersal in nature

feeding. Given t

the movements of the larvae




8)

)

10)
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greater dispersion of young fish since water currents are greater
r bottom of the water column,

at mid-depth than either the surface O

b) bring them into that portion of the water column in which their

prey (rotifers, copepods and other plankters) would be most abundant
J

and c) plade the larvae in an optimal position for sighting the

prey organisms (prey outlined against lighter background).
We have been unable tO consistently rear the larvae hatched in the

ac absorption. The small size of the

laboratory beyond yolk s
larvae at the time of mouthpart devglopment effectively prevents
direct observations of 1arval feeding. Foods presented to the larvae
included copepod nauplii, potifers, ciliates, diatoms, desmids,

(1969) and others have tried simi-

powdered fish food, etc. Cianci
d no evidence of food in the digestive tract

lar items but have foun
of the young river herring. Our carlier studies (Virginia AFC 1)

documented rotifer and copepod nauplii as food items for alosids

gth. The reason fo
ishes at the time of first feeding

less than 8 mm in len r the continued failure of

ations for alosine f

culture oper
d of a proper size (Richa

may be insufficient foo rds and Palko, 1969).

a more dense suspension of microzooplankton in the

We plan to place
rearing aquaria. in the 1974 experiments.
We have produced'several reference series of eggs, embryos, and

e for alewife, plueback, and their hybrids which are

yolk sac larva
available for loan to agenciles conducting ichthyo-plankton sSuUrveys.

pare photographs and line drawings of the embry-

We are going to pre

onic and larval stages.
plueback, and American shad, size 40-90

Juvenile alosids (alewifes.

from yirginia stre

ams have been held in the

mm FL) collected




laboratory for several months. The tanks most suitable for this

are circular fiberglass units of approximately 4 ft in diameter

Juveniles readily feed on brine shrimp nauplii

and 2.5 ft deep.

which are offered to the fish daily.
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