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SECTION I
INTRODUCTION

. This report 1is the fourth in a series of studies conducted by
Texas Instruments (TI) to evaluate the effects of one nuclear (Indian Point)
and four fossil-fueled (Bowline, Lovett, Roseton; Danskammer) generating
stations on fish populations in the Hudson River estuary. Initiated in 1973
and jointly financed by Consolidated Edison Company of New York, Inc. (Con
Edison), Orange and Rockland Utilities Inc. (O&R), Central Hudson Gas and
~ Electric Company, Inc. (CH), and the Power Authority of the State of New
York (PASNY), the studies involve an intensive year-round sampling program
encompassing most of the1150-mile-long estuary. The purpose is to provide .
information on the 1ife history, distribution, and population dynamics of
key fish species for use in assessing any existing and potential iﬁpact of

once-through cooling at each generating stationm.

This report emphasizes the collection and analysis of data on the

1976 year class of striped bass (Morone saxatilis), white pérch (Morone

americana), and Atlantic tomcod (Microgadus tomcod) during the period of

entrainment and impingement vulnerability, which encompasses the entire egg,
larval, and young-of-the-year stages as well as the first 5 to 6 months of

the yearling stage.

The primary objectives were to:

e Describe the spatiotemporal distribution of the early
life stages of striped bass, white perch, and Atlan-
tic tomcod

e Assess exposure (vulnerability) to either entrainment
or impingement for each life stage of these species
at the existing Hudson River power plants

e Estimate each species' biological characteristics.

o Investigate the population dynamics of each species
and discuss density-independent and density-dependent N
population regulatory mechanisms and their effects on
growth and abundance

I-1 science services division



Information on life stages older than yeérling reflects data
collécted during 1976 and can nonsigt of several earlier year classes.
Where possible, 1976 year—-class data are-compatedAwith,resuLts of studieé
conducted on the 1973, 1974, and. 1975 year classes of these three speéieé
and results of previous studies by New York University (NYU) (1965-69) and
Raytheon (1969-70). The data collection and analysis on these earlier yean
classes were descriBed in previous nrogress-repqrts,(Tl 19:75a, 1977b, 1978a)

as well as in McFadden (1977).

Section II of this report provides a. concise summary and review of
i e . )
results in terms. of a potential for impact on the Hudson River fish popula-

tion due to the operation of power plants.

Section. ITT summarizes the methods and materials with. which the
data were collected. These methods.are,examine¢_in_viéq of the methods from
previous‘years’ studies; changes, additions, and, deletions in sample design,

methods, or materials are noted.

Section IV reviews the generaL life history of eénn Qf'the three
species. Estimates of the various population parameters, which include -
population size, mortality, growth, ggcundity, seX ratio, and age at
maturity and provided. The 1976 estimates are compared with those of the
previous studies. Trends through time are noted and factors influencing

these trends are investigated. '

Section V presents the spatiotemporal patterns in abundance and
movements of the three key fish species, emphasizing the early life stages
(eggs, larvae, and juveniles). These patterns are compared with those
evident in earliér studies, -and faétqrs influencing the trends aré analyzed
and discussed. Information from these comparisqné is related to power plant
location, and an assesément of the exposure of each life stége to entrain-

.ment or impingement at_each power plant is developed. This exposure assess-

ment is compared with similar -assessments from previous years.
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Throughout these multiple piaﬁt studies, there has been an attempt
to utilize information gained in previous years to refine data collection
and analytical techniques. Where possible, the data of previous years have
been reanalyzed in view of new information. While these changes in methods
can produce different results froﬁ_Year fo year, the underlying goal of this
evolution is to provide the most complete comprehensive information on the’

key fish species for use in assessing power plant impact.

.

To aid the reader, a glossary of the common technical and semi-
techﬁical terms used in this report follows. The technical terms are
defined as they apply to this study and a knowledge of the definitions of
these terms is a key to an understanding of the éontents of this report. -
More specific terms are defined in the text, particularly in Section III

(Field and Laboratory Procedures).
GLOSSARY
age composition: the quantitative make-up of a group or population

of fish based on age classes (e.g. age I, II, III, etc.).

anadromous: aquatic organisms which spend most of their life cycle
at sea but return to rivers and streams to spawn.

biological characteristics: see population characteristics.

biomass:  the total weight of a given species or life stage within
a prescribed area.

catch curve: a graph of the logarithm of the number of fish taken
at successive ages or sizes.

catch curve analysis: use of a catch curve to estimate mortality
rates between successive ages or sizes. (see catch curve)

catch-per-unit-area (catch-per-unit—area; swept catch-per-unit-
volume): the catch of fish, in numbers or weight, taken by
using a specified gear and sampling a defined area or volume.

catch-per-unit effort: the catch of fish, in numbers or in weight,
taken by using a specified gear for a defined amount of time or

amount of gear deployment.

CHG&E: Central Hudson Gas and Electric Corporation
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compensation: the group of processes operating in populations
which cause population densities to be maintained at pre-impact
. levels despite mortality from man's activities. Compensation
stabilizes numbers, biomass, and/or energy content of popula-
tions because birth rates, survival rates, and/or growth rates
are inverse (negative) functions of density. Thus, compensation
reflects the pr1nc1p1es of dens1ty—dependent populatlon regu-
lation. -

compensatory mechanisms: 'compensatory mechanisms" "Sources of
density-dependent ‘mortality. As man-made mortality increases,
mortallty from these sources decreases, and total mortality-
remains about the same." '

competition: the attempt by two organisms or populations to ac-
quire an item needed for survival that is not present in suf-
ficient amounts for both.

conditional mortality rate: the fraction of an initial stock that
would be killed due to either entrainment or 1mp1ngement if no
other causes of mortality operated.

conductivity (specific conductance): a measure of the total con-
centration of the dissolved ionic matter and a capacity measure
of a solution to conduct an electric current. Since it is de-
pendent on temperature (conductance increases 2% to 3% per
degree centrigrade), conductivity is reported at a standard
0.’. - -
-temperature of 25 C in m Siemens/cm (mS/cm).

density-dependence: population regulatory mechanisms (mortality,
fecundity, etc.) that change in magnitude as density changes.
Density dependent population regulation is often used : ¢
synonymously with compensatlon.

dissolved oxygen: oxygen dissolved in the water through photo-
synthesis by phytoplankton and vascular plants and diffusion of
atmospheric oxygen and expressed as parts per m11110n (ppm) or
milligrams per liter (mg/l).

EAI: Ecological Analysts Incorporated

entrainment (pumped):’ the passage of small organisms into a power
plant's condenser system through an intake screen with cooling
water withdrawn from a lake or river.

estuary: a semi-enclosed coastal body of water which has free
access to the sea and measurably diluted below the salinity
of open ocean water by freshwater tributaries and surface
drainage. For the Hudson River system, the estuary is the
tidal portion downstream from the Troy Dam.

euryhaline: the ability to tolerate wide changes in salinity;
characteristic of many estuarine species and certain stages
in the life history of other species.
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exposure: see vulnerablity.
FERC: Federal Energy Regulatory Commission

fecundity: the ability of fish to produce offspring commonly
measured by the number of ripening eggs present per female
just prior to the upcoming spawning season.

finclip: a method for rapidly marking fish by excising (cutting a
piece out of or completely removing) one or more of the fins;
this method is widely used on fish that are too small to tag

effectively.

gear avoidance: the behavior of a fish which enables it to escape
being captured in fishing gear. o '

ichthyoplankton: the early life stages of fish characterized by
generally limited swimming ability and a tendency to drift with
currents. c )

impingement: the process whereby the velocity of water being with-
drawn through a cooling water intake screen forces organisms
(or objects) to come into contact with and be held against that

screen.

incremental growth rate: the gain in size for some time period in

. relation to the size at the beginning of the time period; or
the difference in length from one age group to the next age
group. ’ :

instantaneous growth rate: the natural logarithm of the ratio of
final weight (or length) to initial weight (or length) of a
fish for a unit of time, usually a year.

juvenile: the lifestage beginning with aquisition of the full com-
plement of adult fin characteristics and extending to age I
(December 31). This lifestage is .also referred to as young-of-
the-year. i '

key species: fishes defined as key species in this report are
striped bass (Morone saxatilis), white perch (Morone ameri-
cana), and Atlantic tomcod (Microgadus tomcod). These three
species have been designated as key species in this report
based on their distribution and abundance relative to Hudson
River power plants. 1In addition, these three species are of
interest to regulatory agencies and are included on the lists
of Representative Important Species (RIS) designated by the
United States Envirommental Protection Agency for the Hudson
River power plants. '

length-frequency: percent composition of a sample or organisms by
defined length intervals. ‘ '

LMS: Lawler, Matusky, and Skelly Engineers .
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mark-recapture: a method of estimating numbers of animals by
initially releasing a known number of marked individuals and
then sampling to determine what fraction of the total catch
consists of marked animals.

microdistribution: differences in the abundance of an organism
over a small area, often d1v1ded into vertical or lateral
differences.

near—-field: areas of the Hudson River estuary in the vicinity of a
power plant, e.g. for Indian Point, the area from river mile 39
through 43.

NRC: Nuclear Régulatory Commission

NYSDEC: New York State Department offEnvironmental»Conservation-
NYU: ©New York University

0 and R:-_Orange and Rockland-Utilicies, Inc.

Petersen Method (Petersen-Type Estimate): a mark-recapture esti-
mate in which the marking period and recapture period do not
overlap; originally used for estimating fish populations by
C.G.J. Petersen in 1896.

pH: the pH of a solution is a measure of its hydrogen ion activ-
ity - its acidity or alkalinity. Neutral pH is 7, with in-
creasing acidity from pH 7 to pH 1 and increasing alkalinity:
from pH 7 to pH l4.

plant region {(power plant region): region of the estuary 6.5 miles
upriver and downriver of a pgwer.plant, e.g., for Bowline,
river mile 30.5 to 43.5. Water from 6.5 miles in either
direction can be moved in front of the power plant by tidal
fluctuatlons

population characteristics: attributes of a population as a whole,
which are set by the interaction of genetic-based characteris--
tics with a particular environment; examples .include sex
ratios, age composition, fecundity, and age at maturity.

population: A single-specific group of organisms that is repro-
ductively isolated from other groups of the same species.

population dynamics: the study of the forces affecting popﬁlation.
densities, usually considered to be mortality, natallty, and
movements.

post yolk-sac larvae: the stage from initial development of a com-
plete and functional digestive system (regardless of degree of
yolk and/or retention) to transformation to the juvenile 11fe—
stage (having a full complement of fin rays).
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power plant region: see plant region.:

random walk: a series of numbers, n-1, such that the magnitude of
the changes [ni—(ni-l)] are random. '

R/C ratio: the fraction of fish in a sample that has. been pre-
viously marked; in mark-recapture studies, this statistic is
used to estimate the parameter M/N (the number of marked fish
divided by the population size; the fraction of the total
population which is marked).

R/M value: the fraction of recaptured marked fish; this statistic
"~ is used as an estimate of the exploitation rate (C/N) to which
a population is exposed. C/N is defined as the total catch in
the recovery sample divided by the population size; the frac-
tion of. the population which 1s examined.

salt front: the location of the leading edge of the mass of in-
truding seawater to the estuary. Defined here as the point
associated with a conductivity of 0.3 m Siemens/cm (mS/cm) or
equivalent to a salinity of about 0.1 “/oo.

Schaefer Estimate: a type of mark-recapture estimate which is used
when the population can be stratified on a temporal and spatial
- basis; originally developed by M.B. Schaefer in 1951 for esti-
mating spawning stocks of Pacific salmon.

Schumacher-Eschmeyer Estimate: a type of mark-recapture estimate
in which marking and recapturing effort concurrently occur.
This method was first reported by Schumacher and Eschmeyer in
1943 . ' '

spawning stock: the mature or maturing fish that are capable of
contributing to the production of that year's spawn (eggs).

standing crop: the total biomass or numbers of organisms present
at one time. '

stock: fish available (or potentially available) for commercial
or sport use. ' ‘

- stock-recruitment relationship: the relationship between parental
stock and their offspring. Since the number of offspring are
genérally measured when they are old enough to be caught by a
standard fishing gear (commercial or sport), they are said to
be recruited to the population at that time.

stratum (strata pl.): a defined portion of a sampling unit. As
used in this report, one of three (shoals, bottom, and channel)
classifications of a typical river cross-section based on depth
and distance from the bottom.
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turbidity:

the cloudiness of water caused by the presence of sus-

pended particulate matter (such as clay, silt, microorganisms,
and organic and inorganic detritus).

type A error: a systematic error

in mark-recapture data which will

bias the population estimate by a constant proportion..

type B error: a systematic error
duces a temporally iricreasing
estlmate.

type C error: a systematic error
bias the populatlon éstimates

through time.

vulnerability (exposure):

in mark-recapture data which pro-
amount of bias in the population

in mark-recapture data which will
in a manner that decreases

a measure of the potential susceptibil-

ity of the population to either entrainment or impingement by

power plants.

The term 1is also used to refer to the percent of

the population within those river areas which have a physical

proximity to power plants.

year class: the fish spawned or hatched during a given calendar

year.

year-class abundance (year-class strength):

the number (or rela-

tive number) of fish of a given species spawned or hatched

during a given calendar year.

This number is usually calcu-

lated late in the year after most density-dependent morta11t1es

no longer operate.
year—class strength:

yearling:

see year class abundance.

"an age classification of a fish which extends from 1

January following the year in which it was spawned through 31

December.

yolk-sac larvae:

.the transitional stage from hatching through de-

velopment of a complete and functional digestive system.

young-of-the-year: see juvenile.
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SECTION II
SUMMARY AND CONCLUSIONS

Biological characteristics and population dynamics of Hudson River
striped bass, white perch, and Atlantic tomcod; fhe spatibtemporal distribu-
tion of their eérly life stages; and each life stage's exposure to either
entrainment and/or impingement were studied to relate them to the ability of
each species to compensate for additional mortalityiabove the average level
of mortality imposed by natural events or by power plants and other man-
related activities. The conclusions presented in this section indicate some
~ of the causes for observed fluctuationms in fish populations in the Hudson
River estuary and how these fluctuations may influence the assessment of
power plant impact. The three species exhibit a wide rahge of adaptive
strategies neceésary for survival. Striped bass are anadromous and use the
estuary as a spawning and nursery area; they are large, long-lived, and have
enormous fecundities (eggs per female). White perch reside year-round in
the estuary and are intermediate in size, longevity, and fecundity. Atlantic
tomcod, small fish that seldom live much longer than one year, have a tem-

porally well-defined spawning run in the winter when few other fish spawn.

The remainder of this summary 1is divided into four sections: A)v
Spatio-temporal Distribution, B) Comparison of Overall Exposure to Power
Plant Impaét, C) Biological Characteristics, and D) Population Dynamics.

The Spatio-temporal Distribution and Biological Characteristics sections are
each subdivided to discuss characteristics of each of the three species.

The Comparison of Overall Vulnerability section is subdivided into life
stages; while Population Dynamics Section, encompasses diet, growth, abun-

dance, and compensation.

A. SPATIOTEMPORAL DISTRIBUTION
1. Striped Bass

The distribution of striped bass eggs in 1976 was similar to that
of the two previous years: most eggs were found in the Indian Point (RM

39-46) through West Point (RM 47-55) regions. In 1976, spawning apparently
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slowed during a temporary drop in water témperature in late May'end resumed
when water temperature ageih increased in early Junée, giving rise to a bi-
modal temporal distribution of eggs. Since surviving larvae during that year
resulted from the second, smallér spawn, larvae spawned first prcbably suf-

fered high mortality durifig the temperature decline.

Strlped bass yolk—sac 1arvae also had a b1moda1 geographlc distri-
bution during both 1975 and 1976 with the Indién Point to West Point region
and the Poughkeepsie region répresenting éfeeé.of coﬁceht}etion. During
1976, as in 1974 and 1975, post yolk-sac larvae were abundant in the Indian -
Point-West Point and the Poughkeepsié regions. Temporal distribution of
post YO1k¥séc_léfbae was unimodal in all three years with peik v§1ues
occurring from june 5 to Jume 20. Juveniles (the first lifestiage with ex- -
tensiVe motility) ahd yearlings tended to be distributed dowhfiver in the .
Tappan Zee and Croton-Haverstraw régions. Little interrégional movement was
noted when individually marked juvenile and yearling fish were recaptured,
and movements between shore zone ‘and shoal and deep-water areas were not as
evident during 1976 &s in 1975. The total number of juveniles ‘was nét sub-.
stantially different from that found in previous years deEpite the fact that
they were derived from only a fraction of the normal spawn this cbservation
is indicative of the complex relatlonshlps between env1ronmenta1 changes,

natural mortallty, and yeéar class Strength.

Striped bass may ‘occupy a distinct hote iehge'ehrly.ih life and
‘later begin to ‘move extensively, a hypothesis suppofted by data from TI
(1978a) and the observation of long-range moveiients of a few yearlings
tagged in 1976. Tagglng studies of two- year-old and o6lder fish from the
‘spawning run wére 1nten81f1ed ih 1976 to elicidite ‘migratory patterns. Two
patterns were detected; some fish stayed near ‘the fouth of ‘the r1ver, while

others made oceanic movements to the northeast.

2. White Perch
In 1976 white perch began spawnlng in late Apr11 earlier. than ih

1974 and 1975, and were collected 1n all regions above Yonkers. Egg standing

crops peaked during mid-May to mld—June. Yolk-shac larvae were also found in
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1712 science services division




all regions above Yonkers, and the standing crop peaked around May 20. Post
yolk-sac larvae were abundant in all_but the Yonkers and Albany regions
though they were more concentrated in regions from Poughkeepsie to Catskill
in 1976 than in 1974 and 1975. As in 1974 they were found in highest
numbers during the latter part of June 1976.

Juvenile white perch were first collectd in late June and early
July, and reached their peak abundance during August, followed by a decline
in numbers- through the fall and winter. They tended to concentrate in two
broad sections of the estuary: from the Tappan Zee to Croton-Haverstraw

"regions and upriver from the Saugerties to the Catskill regions.

» Yearling white perch were most frequently caught during May
through July with catches declining thereafter. Highest catches of 2-year-
old and older white perch occurred between late May and June in 1976. Year-

ling and older white perch occupied the same general areas as juveniles.

To examine local white perch movements, shore zone catches wére
compared with chénnel catches. Juveniles were first collected in the off-
shore channel areas during July, in the shore zone duringAAugust, and off-
shore during October. Individuals marked and recaptured during the spring
exhibited greater movement than those marked and recaptured durihg the fall.
Only 3% of the September through December recaptures left the region in
which they were marked, but 60% of the January-June recaptures moved to a
different region. Adult white perch also exhibited less movement in the

fall than in the winter.

3. Atlantic Tomcod

Atiantic tomcod spawned in late December through February 1976
when sampling of eggs was impossible because of ice. In late February, soﬁe
eggs were collécted in the West Point and Cornwall regions, and yolk-sac
larvae were found in all regions sampled (Yonkers to Poughkeepsie). During
1975 and 1976, Atlantic tomcod yolk-sac larvae were most common in the river

during early March and post yolk-sac larvae were primarily found from late
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March through late April. The highest proportion of the standing crops of yolk-
sac and post yolk-sac during 1976 was in the Croton—HaVerstraw and Tappan Zee
regions. These distriﬁution patterﬁs are similar to those observed in 1975.
Juvenile tomcod were widely distributed but were concentrated primarily from

the Yonkers to West Point regions. Standing crops were high in early May

and late June, but declined steadily through December. Adult tomcod were
concentrated in the West Point region during the spawning season but were

found farther upriver during.the'1976—77 spawning season than during the
.previous two seasons (1974-75 and 1975-76). Mark and recapture data indi-

cated that adult fish move downstream after spawning.

B. COMPARISON OF OVERALL EXPOSURE TO POWER PLANT IMPACT

The index of exposure (vulnerability) to power plants is the basis
of comparison derived using plant regiqns. Since the Hudson River estuary
is under the influence of tides, the water mass in front of each power plant
shifts back and forth with the tides; thus, any organism within this water
mass must be considered in the assessment of plant impact. The maximum
shift due to tides is apprdkimately 6.5 miles for the area of the estuary in
which the power plants are located. Each plant region is defined as a 13-
mile region with the plant at midpoint. The exposuré index is the percentage
of the total standing crop of a given life stége found in a particular plant

region during the period of peak abundance for that life stage.

1. Eggs

Striped bass eggs were exposed more to entrainment than those of
the other two species for two'reasqns: the distribution of striped.bass
eggs was centered in the area of the Indian Point and Lovett plants, and
striped bass eggs have a low specific gravity and are more easily distri-
buted through the water column by water currents. A large proportion of
white perch eggs were deposited outside the plant regions. White perch eggs are
both demersal and adhesive. Atlantic tomcod apparehtly»spawned between the
upriver and downriver plants. Also, Atlantic tomcod eggs are demersal
(tending to settle to the bottom) and therefore not easily carried to the

plant intakes by water currents.
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2. Yolk—-Sac Larvae

Striped bass yolk-sac larvae were concentrated on the bottom
during the day_and'more evenly distributed throughout the water column at
night. This pattern of dispersion reduced exposure, since half the time few
larvae were iﬁ the vicinity of the intake systems. White pérch larvae
tended to stay near the bottom and were afforded.some protection because of
their wide distribution throughout the estuary. Atlantic tomcod were ex-
posed to entrainment at the three downriver plants where they are concen-

trated.

3. Post Yolk-Sac Larvae

The post yolk-sac larvae of all species are more motile -than the
earlier stages and are more able to avoid entrainment. Striped bass post
yolk—sac larvae have a greater tendency to concentrate near the bottom than
yolk-sac larvae. Post yolk-sac larvae are primarily distributed in the
Indian Point-Lovett area. Thus, while exposure was probably less than the
earlier lifestages, it was still high. White perch post yolk-sac larvae are
fouhd in abundance outside the plant regions, which reduces their exposuré.
Atlantic ;omcod post yolk-sac larvae are distributed more downriver, so
their exposure is reduced relative to yolk-sac larvae at all plants except

Bowline.

4. Juveniles

Comparatively few juvenile striped bass were impinged although
they were exposed to impingement at the three downriver plants. Juvenile
white perch were found in the same general area and were also exposed to
impingement at the downriver plants. Atlantic tomcod juveniles were exposed
to impingement méstly at Bowline, but Bowline draws water from a tidal pond
and Atlantic tomcod prefer deep water. Also, during their winter spawning
run, Atlantic tomcod were exposed to impingement at all plants, especially:

Danskammer where winter impingement rates have been felatively high.
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C. BIOLOGICAL CHARACTERISTICS (FECUNDITY, MATURATION)

The analysis of'reprdduction (natality) includes a number of
variables. For any given age, data are needed on the number of females in
each age group (age distribution and sex ratid) the percentage mature, and
the number eggs expected for those females (fecundlty) ‘For discussion of . .
striped bass blologlcal characterlstlcs (fecundity. and maturatlon) see

McFadden and Lawler (1977).

White perch agéAdistribution is best measured in late winter
through spring before the presence of juveniles confounds the situation.
Frsm April through June, 65 to 70% of the white perch collected were
“yearlings; from July to the end of the year, Juvenlles domlnated the catch
and the older age groups tended to be underestimated. The sex ratio in 1976
was.lzl. As in past years, all male white perch and 95% of the female were
mature at age IV. Fecundity ranged from 21,946 eggs for a iZS—mm female to
690,906 eggs for a 302-mm female in 1976.

Samples of Atlantic tomcod in bottom trawls con31stent1y showed _
that the proportion of males was high in June (1974 to 1976) or July (1976)
but had decreased by September. During the 1974-75 and 1976-77 spawning
seasons, the proportion of fémales (50%) peaked in earlf January; during the
1975-76 spawning season, the peak was smaller (35%) and occurred one week
later. Msles apparently arrived on the spawning grounds first, followed in
two weeks by the females. The true sex ratio of the population.is.probably_
best estimated in September when the least variation over years is evident.

At that time the ratio does not differ from 1:1.

During the 1976-77 spawning season, 91.6% of the population'con—
sisted of Age I (1976 year class) fish. A fotal of 8.4% were age II (1975
year class), higher than during the previous spawning season (1975-76) when
only 3.3% of the spawnlng fish were age II (1974 year class). The first
three-year-old tomcod (1974 year class) were collected during the 1976~ 78
spawning season. Sexual maturation began in October of the first year of

life; by December, all Atlantic tomcod were sexually mature. The mean

fecundity of the 1976-77 spawning population was 16,850 eggs per female.

T
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D. POPULATION DYNAMICS
1. Diet

The 1976 study indicated that small striped bass (less than 75 mm

“in total length) ate invertebrates exclusively.. Larger fish (76 to 150 mm)

supplemented this diet with fish, a trend continuing in older fish (151 to

200'mm).‘ One incidence of cannibalism was obser?ed. Large yearling striped
bass (201 mm) fed largely on clupeids. Diversity of prey species eaten in-
creaéed throﬁgh the summer and rose sharply in late fall for all size groups

of striped bass examined.

All sizes of white perch fed primarily on invertebrates and fish
eggs (clupeid and other unidentified species). Diversity of food organisms
increased from June to November, and large white‘perch consumed a greater
variety of prey organisms. Juvenile striped bass and white perch utilized
many similar food resources, overlap being greatest from June through -
October. Diets diverged, however, as the fish grew larger. Food habits of
Atlantic tomcod were addressed in detail in a previous report (TI 1976c) and

are not described in this report.

2. Growth

Growth of striped bass has followed the same basic seasonal pat-
terns since 1973: rate at which young larvae grow is relatively slow in the
spring, accelerates in mid-summer, and decreases in the fall. 1Imn 1976,
juveniles grew slowly, ceased to grow earlier, and were smaller in any given
month than in previous years, because of irregular water temperatures. In
contrast to data collected in previous years, which indicated that females
grew faster than males after age III, data collected in 1976 indicated that
growth of adult male and female striped bass did not differ until age VIII,
after which females grew faster. Growth rates for adulﬁ Hudson River
striped bass were similar to those reported for the Chesapeake Bay popu-

lation (Mcfadden et al. 1978). ' ‘ " y

May-June water temperature was significantly correlated to
predicted length of juvenile striped bass on August 1 (positive) when

freshwater flow was held constant. Abundance was negatively (but not
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significantly) correlated. to the instantaneous rate.of growth. Other
measures of growth in previous analyses demonstrated a significant negative

relationship between- juvenile growth and abundance.

" White perch growth in the first year of life was similar to fhat
of striped bass, i.e., minimal in spring, accelerating in mid¥summer, and
declining in fall. Totalvgrowth.was less in 1976 (67 mm) than in 1975 (77
mm), probably because of low spring temperatures and early decline in fall:
temperatures. AduLt females grew faster than males. Hudson;River'white
perch, compared: with. those of bther<sytems, exhibit an intermediate growth

rate.

Juvenile tomcod growth during 1976- was generally similar to pre-
.vious years. Growth was highest in May, declined thrqﬁgh the summer, and
increased in the fall as temperatures decreased. Tomcod growth exhibited
strong (but non?ignificant at a= (0.05) correlations with April-June fresh-

water flow (poéitive) and January—Mérch water temperatures (nggative).

3. Abundance
a. Striped Bass

An index of juvenile strigéa bass abundance was calculated from
available beach seine data collected during July and August of each year
1965-1970 and 1972-1976. The trend in the mid-July through August abundance
index paralleled the trend in the July through October abundance index when
both sets of data were available. In addition, a yearling abundance index’
was highly correlated with the juvenile abundance index from thg previous
year. Therefore it can be cbncluded that the index of juvenile abundance
based on July through August catches is an accurate measure of year—-class

strength.

Standing-crop estimates for the striped bass 1976 year class were
similar to those for the 1974 and 1975 year classes. The peak standing crop
of 9.4 million juveniles in 1976 occurred August 15-21. - Ths was probably an

underestimate, since standing-crop data represented only fish in the regions
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and strata sampled during the time of sampling. Adjustments for catch effi-
ciency of the sampling gear produced a peak population estimate of approx-—
imately 20 million. Although the size of the adult striped bass population
. during the 1976 spawning season was determined with mark/recapture methods,
the problem of nonrandom mixing of marked and unmarked fish caused an under-
estimate of population size. The imprecision of the estimate of 513,000 fish

was reflected by the wide 90% confidence intervals, (282,000-2,819,000).

‘ A number of environmental variables influenced the index of juve-
nile striped bass abuﬁdance and -explained 54% of the observed variation.
Environmental factors potentially related to year-class strength and tested
for é relationship with juvenile abundance included April freshwater flow,
November through June freshwater flow, the number of days to span 16 and’
20°C, a predator -abundance index, an index of_juvénile white perch abun-
dance,'and péwer plant water withdrawal. The two flow variables and the
predator index were most correlated to juvenile abundance but were not
significant at @ = 0.05. No relationship betﬁeen year-class strength and

power plant cooling water withdrawal was observed.

When the total number of striped bass in 1976 (starting with yolk-
sac larvae) were plotted against time, two distinct phases of mortality were
evident. Mortality from June 13 (yolk~sac larvae) to July 13 (post yolk-sac
larvae), averaged 15% per day, while from July 14 to December 31 (juve-
niles), mortality averaged 0.3%7 per déy. Survival during the early larval
stages in 1976 was apparently affected by the unusual water teﬁperture
patterns of lafe May. A large portion of the spawn suffered near complete
mortality when the temperatures dropped to 12%. Essentially all of the
svaiving post:yolk-sac larvae were spawned during a second spawning peak in

early June.

b. White Perch

An index of juvenile white perch abundance was derived from mid-
July to August beach seine catches and validated as was done with the
striped bass index. The presence of strong and weak year classes was

aligned between the juvenile abundance and yearling abundance indices
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(available since 1974) indicating that year-class strength was established

by July through August; an expanded index of juvenile white perch abundance
(July through October) showed the same relationships, validating the July-
August index. fhe mark—récapture estimate of 209 million juvenile white

perch in September 1976 (95% confidence intervals of 158 ;6 285 million) was
highef than estimtes for the October through November populations in 1974 o
and 1975.. |

The combined standing-crop approach produced an estimate of 11
million jﬁvenilé white perch in mid-August 1976. The difference between
mark-recapture and combined standing-crop estimates reflected the limita-
tions associated with the latter approach. Problems of catch efficienty and
concentrations of juvenile white perch in regions north of RM 76, which were
not sampled during the Fall Shoals Survey, caused underestimates of populé—
tion size. Adjustments for catch efficiency of the sémpling gear resulted
in a peak standing crop of 93 million juvenile white perch in mid-August
1976.

Environmental factors selected and tested for a relationship with
juvenile white perch abundance were May freshwater flow, June freshwater
flow, July.freshwater flow, juvenile striped bass abundance index, days to
span 16 and 20°C, juvenile bluefish éBundance index, and power-plaht
cooling-water withdrawal. The four that were most related to juvenile perch
abundance were: May freshwater flow (negative relationship), June fresh-
,ﬁater flow (negative relationship), juvenile striped bass abundance index
(positive relationship),'days to span 16-20°C (positivevrelationship).
However, none of the variables tested, including the power plant cooling-
water showed a withdraﬁal»index significant relationship (a= 0.05) with

juvenile white'perchfabundance.

' Standing crops declined from 2 billion in late June of 1976 (peak
post  yolk-sac larvae peridd) to 3.86 million on December 1, an average of
. 3.6% per day. The drop in water temperatures in May strongly influenced

survival from egg to yolk-sac larvae. As with striped bass, the post
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yolk-sac larvae were obtained from a fraction of the normal spawn but the

resultant number of juveniles was similar to that of previous year.

Mortality estimated from catch curves was 89% (0. 6% per day) for
the Juvenlle through yearling stages ad 66% per year for total yearllng and
older individuals. Since the 1975 and 1976 data were not different they

were pooled in calculating the estimate.

c. Atlantic Tomcod

All Atlantic tomcod marked and released for population estimation
- were obtained from box traps fished in December and January. Recaptures
werevataihed from box traps and impingement collections, and a small number
were collected from botton trawls later in the yeér. The estimated 10.4
million tomcod population on the spawning gfounds duriné 1976-77 was higher
than the estimated 3.36 million in 1974-75 and the estimated 3.50 million in
1975-76. Other indices (bottom trawl and box trap catch data) supported the
finding that the 1976 tomcod year class was stronger than the 1974 or 1975

year classes.

An index of juvenile tomcod abundance was previously based on stan-
dard station bottom trawl samples collected in the Indian Point area, but in
1976, Atlantic tomcod were not caught in this aréa in the same aBundahce
evident in the rest of the river; therefore, an improved abundance index con-
sistent with other estimates. of year-class strength was developed. It per-
mitted the inclusion of data collected in 1969, 1970, and 1972 through 1976.
The abundance index was higher in 1970 than in 1969, declined in 1972 and
1973, and was lowest in 1974. The population recovered in 1975, and the
1976 value was the highest since 1970.

Environmental factors tested for a relationship with the juvenile
tomcod abundance index were mean water temperature and freshwater flow for
months during spawning and larval stages, maximum cooling-water withdrawal,
and juvenile bluefish abundance index. Juvenile tomcod abundance was nega-
tively correlated with the average freshwater fiows in December and January.

A subsequent analysis of adult spawning locations indicated a mechanism by
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which December and January flows could inhibit tomcod abundance. Iﬁ 1974
when December and January freshwaterbflows were highest, the tomcod spawned
farther downstream and the resultant crop of juveniles was lower than in
other years. December 1976 and Janua:y 1977 flows were the loweét in recent
years, and the tomcod spawned farther upstream than usual. The most plaus--
ible explanation for these relationships is that tomcod spawn a relatively
constant distance upstream from the salt wedge, the position of which is
determined by freshwater flow; wheq spawning occurs farther downriver due ;o :
high December and January flows and movement of the salt wedge downriver.

Under these conditions the larvae hatch and develop in less than ideal habi-

tats and subsequent survival may be reduced.

The mortality rate estimated for early life stages (January to
May) was 99.91% and for older lifestages (May to December), 57.8%. Total
annual mortality (January througﬁ December) was 99.96%, slightlyvlower-than_.
previous estimateé of 99.9% (1974) and 99.98% (1975). The standing Cfoé of
eggs was estimated using information from fecundity and the sex ratio of the

spawning stock.

4. Compensation

Compensation is generally q}fﬁicult to demonstrate. in fish po?ula—
tions because thé environment freﬁuently masks subtle mortality relation-
ships. 1In this study, an exercise was conducted in which compensation for -
additional mortality was assumed to be nonexistent. " The effects of two
power plants with the longest period of operationm, Danskammer and Lovett,
were calculated based on the pfemise that plant-induced mortality similar to
present conditions had acted in the past. Trends in stock size were pre-
dicted in the absence of compensation. Had compensation'not been operating
in these populations, the striped bass population should have declined by
68% and the white perch population by 46% since 1949. Similar data were not
available for Atlantic tomcod, but a potentiai decline similar to that of
striped bass and white perch could be expected. The predicted declines
would be the result of thé operation of only the two power plants. Cooling-
water withdrawal from the Hudson River estuary has increased more than six

times since 1965, primarily because additional power plants have been placed
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on line. Abundance trends demonstrate that these populations have been com-
pensating for the additional mortality: the predicted declines have not
occurred. Age composition and age at maturity indicate that neither the

striped bass nor the white perch populations are currently overexploited.

The ability to compensate for additional mortélity is also related
to fecundity. The high fecund striped bass have a high compensatory reserve,
compared to an intermediate compensatory ability for white perch, and a some-

what lower compensatory ability for Atlantic¢ tomcod.

Juvenile Atlantic tomcod abundance trends since 1969 have shown no
relationships to water withdrawal of the power plants; rather, juvenile
abundance has depended largely on freshwater flow in December and‘January.
Atlantic tomcod should be semsitive to power—plant effects for two reasons:
tomcod have relatively low compensatory abilities and the tomcod population
is mostly an'annual crop, sé declines in stock size shoﬁld be noticed on a

yearly basis rather than in decades.

' Perhaps the most significant finding was the effect of an environ-
mental change during the 1976 spawning period for striped bass and white
perch. A sudden drop in temperature eliminated a large proportion of the
eggs and yolk-sac larvae. Mortality of the surviving eggs and larvae must
‘have been 1ower than usual, but the resultant crop of juveniles was about
average. In other words, a fraction of the spawned eggs produced an average
vcrop of juveniles. Obviously, the surviving larvae and eatly juveniles com-
pensated for the added egg and yolk-sac mortality caused by this sudden drop

in temperature.
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SECTION III

‘ FIELD AND LABORATORY PROCEDURES

A. INTRODUCTION

The 1976 Hudson River studies conducted by Texas Iﬁstruments (T1)
were designed to identify the relation of any changés in the distribution,
abundance, and biological characteristics (i.e., gfowth,.fecundity,'etc.)

of key fish species to the operation of five powef plants (Bowline, Lovett,
Indian Point, Roseton, and Danskammer). Table III-1 indicates the schedule

for each field task and outlines the applications of the data collected.

For field sampling, the estuary between the George Washington
Bridge .and Albany (RM 12-152 [KM 19-243]) was divided into 12 geographic
régions (Figure III-1). This section briefly describes the equipment and
procedures used in the field and laboratory operations; sample collecting
and processing are described in more detail in the sections specifically

‘ o addressing the data.

B.  ICHTHYOPLANKTON SAMPLING

Sampling in the 12 regions (Figure III-1) obtained data on the

.‘fdllowing early life stages of fish:

Egg ‘ ' The embryonic stage commencing with spawning
and lasting until hatching

Yolk-Sac Larva The transitional stage from hatching through
~ development of a complete and functional di-
gestive system :

Post Yolk-Sac Larva The stage from initial development of a
: ' complete and functional digestive system
(regardless of degree of yolk and/or oil
_retention) to transformation to the juvenile
life stage (having a full complement of fin
rays) . :

-Juvenile : - From completed transformétion to Age I.
. " - (young-of-the-year) -
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Table III-1
Schedule of Field Tasks and Application of Data during 1976

Task ) J|F M'_A M{Jd|J[AIS|OIN}D Data Collected ‘ Data Uses

Ichthyop]ankton Survey

Larval Atlantic Tomcod . Densities of eggs, larvae, and early juvenile fish Pbpu]ation size estimation
' Spatiotemporal distribution and

Longitudinal River ' Densities of éggs, tarvae, and early juvenile fish abundance for vulnerability
Fall Shoal . ‘ Densities, of juvenile and adult fish primarily in assessment :
. shoals : Species composition for historical

-data base
Biological ‘characteristics

Fisheries Surveys

‘Mark-Recapture Mark release and recovery data on striped bass, Movement of marked individuals for
- : white perch, and Atlantic tomcod collected by all vulnerability assessment
programs Spatiotemporal distribution and
: . ] ) ] . . S1ae . . abundance for vulnerability
__‘Standard Station o ' — Numbers and size of juveniles and adult fish in assessment

i shoals channel, and shore zone . . ‘
: .Year-class comparisons and species

Beach Seine . Numbers of juvenile and adult fish in shore izone composition for historical data
! - base
. Species composition for historical
Interregional Trawl e . Numbers of juvenile and adult fish in shoals data base
i and channel Population estimates and relative

. abundance indices
Biological characteristics

Adult Striped Bass Prbg. . - Number, size, sex, mark-recovery, fecundity Population estimate, movement, year-
i maturity . class comparisons, biological
characteristics, age composition
Water Quality Prog. » : - Temperature, dissolved oxygen, conductivity., Yearly comparisons of physical and

- chemica) variables for historical
data base ) '

Fish distribution in reJatign tol
chemical and physical variables

pH, and turbidity
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Geographic Regions (River Miles) f, Troy Dam /
........................... " Abany /
: /
- (125-152) /
I
...................... !
. |
! MA

Catskill

Saugerties < (94-106)

| JEE,

Kinagston ¢ (86-93)

n
i
. t
Hyde Park { (77-85) !
i

W Pouqhkeepshe
CT

Poughkeebsie (6?-76)

t
|
'
I

"Newburgh

"~ Cornwall

I
|
West Point ;
i

“/—==Bridge
w= City
Power Plants: . , : )
B = Bowline \ e
D = Danskammer
I = Indian Point
L = Lovett
R = Roseton

Location of the Twelve Geographic Regions (with River.
Mile Boundaries) Used during 1976 Field Sampllng Programs

1n Hudson River Estuary

Figure ITI-1.
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Each geographicfregion was defined and subdivided into three strata

per region - shoals, bottom, and Channei.(Table III-?,“Figufé II1=2). The

shoal stratum was that portion of the river 20 ft (6 m) or less in depth at
mean low tide;fthe bottom’stratum was the zome extendirng 10 -ft (3 m) from thé
bottom in depths greéter than 20 ft (6 m); and the atea not deéfinéd as shoal

or bottom was considered thée channel stratum.

_ Table III-2
Strata Sampled within Geographic RegiQﬁé
of Hudson River Estuary during 1976

[ T

Availdble. Sfrata. ... ... ...

Geographic Region _ . Bottom .. ... Channel..... ... Shoal

Albany (AL) oo - e
Catskill. (cs) ./ y o
Saugerties (SG) v . v ek

| Kingston (KG) v / TRk
Hyde Park | (HP) /o v *x
Poughkeepsie (PK)- v Y %
Cornwall . (cwy Vo J J/
West.-Point. (WP a v/ *¥
Indian Point (IP): v o / v
Croton-Haverstraw. (CH)' Vo v /
Tappan Zee . (T2). Vo v v
Yonkers: | {(YK): * v Vv

Not. sampled’ due: to: obstructiaons:
**Stratum too limited: to- sample:

/Sampled
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STRATA

: 1 Shoal [depths <20 ft (6 m)]
' 2 Bottom [bottom 10 ft (3 m) .of depths
>20 ft (6 m)] :
2 3 Channel [above bottom 10 ft (3 m)
of depths >20 ft (6 m)] '

Figure III-2. Diagrammatic Cross-Section of Hudson River Estuary Show1ng
Deflned Strata Sampled in 1976

1. Larval Atlantic Tomcod Survey

As in 1975, when it was initiated to obtain data on ichthyoplankton

"and juvenile'distribution'and population dynamics of Atlantic tomcod in the
Hudson River estuary, the Larval Tomcod Sfudy in 1976 was coﬁducted-in late
winter and early spring (Tabie I1I-1, Appendix Table A-2) using biweekly day-
" time sampling within the seven geographic regions from Yonkers throﬁgh Pough-
keepsie (RM 14-76, Figure III-1). Effort was allocated to regions and strata
randomly selected for both 1ocation:and depth on the basis of observed dis-
tribution of tomcod larvae in 1975 (TI 1978a:A-7). Each biweekly river run

(sampling period) collected 100 samples using a 1.0-m? epibenthic sled (505-
" m mesh) in the shoal and bottom strata and a 1.0-m? Tucker trawl (505- m
mesh) in the channel stratum. Both were equipped with calibrated digital
and electroﬁic flowmeters to record sample volume and tow speed; respec-—
tively. Digital flowmeters are placed within the net and electronic flow
meters are mounted 6n the cable above the neﬁ. (Appendix Figures A-1 and
A-Z'And Appendik Table A-3). Standard tow duration for both gear was 5 min.
When'a tow was completed, the net was rinsed and the'contents of the collec-
tion cup were poured into a pan. All yearlihg and older fish were removed
and the yearling and older Morone spp. and Atlantic tomcod checked for tags,

_finclips, and tag wounds. Length, date, location of capture, and tag number

ITI-5 _ sclence services dlvls.lon



were recorded for all live (suitable for releasg) tagged fish prior to re-
lease. All dead tag recaptures and suspected recaptures (finclips and tag
woﬁnds) were preserved in‘IOZ forﬁélin and taken ‘to the laboratory for
verification. All unmarked yearling and older fish were released. The
remaining sample was placed in a labeled container and preserved with 10%

formalin for laboratory processing.

2. Longitudinal River Survey

Between late April and mid-August 1976 (Table III-1, Appendix Table
A-2), the Longitudinal River Survey sémpled all available strata (Table
III-2) in the Yonkers through Albany regions;(RM 14-140 [KM 22*224]) to pfb—
videldata on the.early life history, distribution and population -dynamics of
striﬁéd bass, white perch, and Atlantic tomcod. Each of 15 river runs
yielded approximately 210 samples. In early June, the time of sampling was
shifted from day to night to reduce pdssible gear avoidance by the more

motile post yolk-sac larvae and juvenile Morone spp.

Sampling effort within each geographical region was distributed
using a stratified—randomsdesign. Effort_was a11océtéd to regions and strata
on the basis of observed distribution of striped bass ichthyoplankton ffom
previous years with sample location. and depth selected using a stratlfled
random sampling design (TI 1978a: A~7) Sampling and proces51ng procedures
were identical to those used in the Larval Atlantic Tomcod Survey. Organisms
were identified to species where possible, and length-frequercy determina—‘

tions were made for striped bass pest yolk-sac larvae and juveniles.

3. Fall Shoal Survey

Fall Shoal Survey data were used to determine the_distribution and
abundance of key fish species (primarily juveniles) in the shoals and bottom
strata of the Hudson River estuéry during late summer and fall (Table III-1,
Appendix Table A-2). Every other week from mid~August into December, 100
samples were collected at night in the shoals and bottom strata from the
Yonkers-through~Poughkeepsie regions (RM 14-76 [KM 22-122]). Sampiing effort

was distributed and sites selected as. described for the Longitudinal River
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Survey. A l.O—m2 epibenthic sled equipped with a 3000-u mesh net with an
enlarged conical fyke attached to the cod end (Appendix Table A-3, Appendix
Figure A-3) was used. During the standard 5-min tow, an electronic flowmeter
' measufed tow speed and a digital flowmeter measured the volume of water

sampled;

All young-of-the-year fish were preserved in 10% formalin and trans-
ported to the laboratory. Yearling and older striped bass, white perch, and
Atlantic tomcod were checked for finclips, tags, and tag wounds and were pro-

cessed as described for the Larval Tomcod Survey.

4. Laboratory Processing

Fish eggs, larvae,,aﬁd juveniles collected in the three ichthyo-
plankton surveys (Larval Atlantic Tomcod, Longitudinal River, and Fall
Shoals) were sorted, identified, and éouhted{ Fish specimens were removed
"from detritus and inorganic material and placed in vials according to taxo-
nomic groups (species or family) and stage of development (egg, yolk-sac
larva, ﬁost yolk-sac larva, or juvenile). Identifications within each stage
of development of each faxonbmic group were aided by a reference collection

and verified using pertinent literature (Lippson and Moran 1974; Booth 1967).

Samples containing eggs and larvae greater than 400 specimens were
subsampled using a plaﬁkton splitter similar to that described by Lewis and
Garriott (1970), with‘samples-split to no fewer than 200 specimens exclusive
of Morone spp. and/or no more than three times (1/8 the original sample).
Allvlife stages of Morone spp. in a sample were removed and counted before
splitting. Each step 6f all ichthyoplankton laboratory tasks was subjected

to zero—fraction—defective quality control (Appendix A).

C. FISHERIES SAMPLING

Programé designed to collect data on distributions, relative abun-
dances, movements, biological characteristics, and population sizes of juve-
‘nile and older fishes in the Hudson River estuary included mark-recapture, a
4étandard station program, a beach seine survey, and an interregional bottom

trawl survey.
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river strata:

Several types of gear were used to collect fish from different

e 100-, 200-, and 500-ft (30.5-, 61.0-, 152.4-m) beach
seines sampled the shorezone (the water from shore-
line to a depth of approximately 10 ft [3 m})

@ -Box traps also sampled shallow water (3 to 10 ft
[1-3 m]) but were stationary and could sample rocky
shorelines, steep banks, and areas near breakwaters
and bulkheads that could not be sampled with a beach
seine.

e Bottom trawls collected fish near the river bottom in
depths generally exceeding 10 ft (3 m).

e Surface trawls collected fish near the surface of the
' water column in areas that were usually deeper than
10 ft (3 m). ' '

A detailed description and diagram of each gear appéa; in Appendix

Table A-4 and Appendix Figures A-4-7.

1. Mark-Recapture Program

The objectives of the Mark—Recapture Program'were to estimaﬁe‘popu—
lation sizes and determine movements of striped bass, white perch, .and
Atlantic_toﬁéod. To accomplish theggiobjectives, striped bass (usually .
juveniles and yearlings) and white perch were collecfed with béach_seines
(100-, 200—,Aand 500-ft [30.5-, 61;0;; 152.4-m]), box traps, and epibenthic

sleds; and Atlantic tomcod were collected with box traps.

Fish were marked throughout the study area (RM 12-152 [RM 19-243]},
Table III-3) during two periods: spring (April-June) and fall (September-
November). (Marking was not conducted’ in July and August because studies
.ﬁad shown extremely low survival ratés for fish marked in those months.)
Survival tests run for 14 days after marking, were 98§d>t0 adjust the number

of marks released for mortality caused by marking.
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Table III-3

Marking Regions in Relation to Geographic Reglon
during 1976 Mark—Recapture Programs

Species Region # , Geographic Regions River Miles (Kilometers)
Striped Bass 1 Yonkers T 12- 23(19-37)
and 2 Tappan Zee and Croton-Havers traw 24- 38(38-61)
White Perch 3 Indian Point ’ ©39- 46(62-74)
4 West Point and Cornwall 47~ 61(75-98)
5 Poughkeepsie through Albany 62-152(99-243)
Atlantic 1 Tappan Zee and Croton-Haverstraw 24+ 38(38-61)
Tomcod: 2 Indian Point 39- 46(62-74)
3 West Point and Cornwall 47- 61(75-98)
4 Poughkeepsie 62- 76(99-122)

One or two fins of young-of-the-year striped bass and white perch
were cllpped during the fall, while yearlings were finclipped during spring
and tagged during fall with either a Floy fingerling tag or a nylon internal
anchor tag (Appendlx Figure A-8), depending on the size of the fish. Adult
striped bass (rarely caught by beach seine or box trap) and adult white
perch were.tagged during both the spring and fall. Fish captﬁred throughout
the entire study aréa (RM 12-152 [KM 19-243]) were marked, but most fishing
effort during this program was ;onéehtrated‘in areas where juvenile striped

bass and white perch were abundant.

During December 1976 — March 1977, Atlantic tomcod for marking
were collected from double fyke box traps (without wing and lead nets,
Appendix Figure A-9) set along the shore. Fourteen sites from RM 24 to RM
76 (KM 38-122) were sampled (Figure III-3). (Atlantic tomcod mature in
~a§proximate1y 11 months, thereforg all fish marked at this time were adult.)
Without regard to size, fish were either finclipped or Carlin-tagged. Sur-

vival studies involved each mark type.

The laboratory regularly received entire catches from selected box

traps. The Atlantic tomcod were sorted by length group (total lengths of.
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POUGHKEEPSIE (1)*

(1) MiLTON §f ‘
' INEW HAMBURG (1)

®BEACON (1)

(1) CORNWALL-ON -HUDSON 8(:
BREAKNECK POINT (1)
&'(2)

COLD SPRIN

(2) WEST POINT
A v .} GARRISON

3)

* ' Lo . '
Numbers in parentheses indicates number of box traps.

Figure III-3. Location and Number of Box\Trap Sites Used during
: 1976-1977 Atlantic Tomcod Spawning Season
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less than 125, 126-150, 151-175, 176-200, 201-225, 226-250, 251-275, and
greater than 276 mm), and fish from a random subsample of each length group
were weighed, measured, and their sex determined.. Otoliths ﬁe:e removed for
age determination. fo maintain quality control, a continuous sampling plan
(CSP—i) was -used on all length, weight, and sex data and a 1ot—by-lot plan on

all age daté; both plans are described in Appendix A.

2. Standard Stations Program
a. Indian Point Power Plant

The Standard Stations Program directed toward juvenile and older
fishes in the vicinity of the Indian Point power plants produces a long-term
data series (sampling began in 1969) that can be eXamined for trends in spe-

‘cies composition, relative abundénce, distributidn, and.biological character-
istics (see Subsection IV.B.3.a). As shown in Figure III-4, 1976 sampling
involved 14 fixed stations betweeanM 39-43 [KM.62—68].

Beginning in April and continuing through December (Table III-1),
seven stations were sampled weekly ﬁith a 100-ft (30.5-m) beach seine approx-
imately 2 hours before low tide (see Appendix Table A-4 for gear specifica-
tions and Appendix Figure A-7 for deployment procedﬁre), and seven stations
were sampled t&ice bi—weekly'on one day ﬁsing a bottom trawl having a fine
_ mesh liner and‘on a different day using a trawl without a liner to permit
comparison with previous'déta (Appendix Table'A—4).. From July through
December, each trawl site was also sampled biweekly with a surface trawl
(Appendix Table A-4). The entire catch from each sample was kept on ice

for laboratory processing.

Each sample was sorted by species into four length ciasses [0-x,
(x+1)-150, 151-250, 251+mm TL].¥ The number in each length class was re-
corded for each species. A random subsample (maximum of 20 fish) from each

length class for each species was measured and weighed. Scales were removed

*The value x is the maximum size of the youngest age group of fish for each
species and is adjusted regularly during the sampling period to reflect
growth. ’ -
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. INDIAN POINT
POWER PLANTS

LOVETT POWER
PLANT

SEINE SITES

[ BOTTOM AND SURFACE-TRAWL SITES

Figure III-4.

Standard Station'Beach Seine and Bottom and Surface Trawl
Sites in Hudson River Estuary, Indian Point Region
RM 39-43 (KM 62-74) '
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removed from subsampled striped bass and white perch for age determination.
Sex determination was attempted on all subsampled white perch having a total
length (TL) exceeding 150_mmf During May, June, and July, the gonads were

- removed from all subsampled white perch greater than or equal to a 100-mm TL
to determine age at maturity. Quality control was maintained on the identifi-
cation and total count of each species using a lot-by-lot "sero fraction
defective" technique (Appendix A). Atlantic tomcod from two standard station
bottom trawl samples (collected on different days) were processed for biolog-
ical characteristics. The‘tofal lengths and weights of up to 80 young-of-
the-yéar aﬁd 40 adulf Atlantic tomcod per sample were recorded, and quality
control was monitofed using a continuous sampling plan (CSP-1) described in
Appendix A. Additionally, striped bass and white perch specimens captured in
standard station.beach seines during 1974 were used for dietery comparisons

between the two species in this report.

b. Othef Power Plants

Information regarding the relative abundances and distributions of
fishes in nearfield areas of other Hudson River power plants (Bowline,
Lovett, Roseton, and Danskammer) was obtained by Lawler, Matusky and Skelly

Engineers (O&R 1977, CHG&E 1977).

3. Beach Seine Survey

' The Beach Seine Sufvey provided'data on abundances, distributions,
and population characteristics of juvenile and  older fishes in the shore zone
~and information on the growth of juvenile and older striped bass, white
perch, and Atlantic tomcod. Each week, approximately 100 samples were col-
lected with 100-ft (30.5-m) beach éeines (Appendix Table A-4). During April-
June and September-December, samples were collected weekly from the Yonkers-
through-Cornwall regions (RM 12-61 [KM 19-98]), where juvenile striped bass
and white perch were concentrated. On alternate weeks, sampling was extended
to include the Poughkeepsie-through-Albany regions (RM 62-152 [KM 100-243]).
During Juiy and August, when young-of-the-year first appear in the shore

zone, weekly sampling was conducted in all regions (Yonkers through Albany).
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Catches were sorted by species and.length groups (as was done for
standard stations) and counted. Usually retained for’labéfatory.processing
were young-of-the-year fishes excebt striped bass and white perch, which wefév
finclipped and released during the fall marking period (September-November).
Yearling and older striped bass, white perch, and Atléntié.tomEOd were exafi-. .
ined for marks. Unmarked yearling and older striped bass and white perch were
marked (Subsection C.4) and released. Yearling and older of other species'
were released unmarked. Suspected finclipped recaptures were preserved for
verification; tag number, length, and recovery infbrﬁation for live, thggéd_
fishes were recorded prior to the fishes' release. Striped bass, White )
perch, and Atlantic tomcod length and weight quotas (20 per length gfoup pet
region) were filled on alternate weeks using fishes processed in eithet the
field or laboratory. An additional 40 young=of=the-year striped bass; white
perch, and Atlantic tomcod were measured for length frequency analysis. 1In
the léboratory, samples of young-of-the-year were sorted by spécies and
counted. Laboratory processing quality*controlfwas checked using -a zero-

fraction defective technique (Appendix A).

4. Interregidnal Bottom Trawl Survey

The Interregional Bottom Trawl Survey (previocusly termed the Axial

Trawl Survey) provided data on the relative abundances, dist¥ibutions, and
population characteristics of juveni%é and older fishes inhabiting the bottom
strata of the river, as well as deepLWater recapture éffort for marked fish:
On alternate weeks from April through November (Figure II1=5), 32 fixed sta—
tions from RM 27 to RM 62 (KM 43 to KM 99) were sampled with an stter=type
bottom trawl that had a fine mesh cod=end cover (Appéndix Tablé A-4) .
Catches were sorted by species and length group (same as for standard sta-
tions). Yearling and older fish were counted, and young=6f-the=year fish
were preserved in 10% formalin for laboratory processing. Random subsamples
of striped bass, white perch, and AfIantic tomcod froim each léngth group
(maximum of 20) were weighed and measured. During eacli biweekly period, all
Atlantic tomcod from two samples (collected on different ddays when possible)
were processed for biological characteristics using methods identical to
those with which standard station bottom trawl samples were processed.

Quality=-control of identifications and counts was checked using the zero-

fraction defective method (AppendixrA)g
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Figure III-5.

NEWBURGH

CORNWALL-ON- m(®
HUDSON

@ COLDSPRING

WEST POINT m

PEEKSKILL

INDIAN POINT
‘RM 40

NYACK B

Interregional Bottom Trawl Survey Sampling Sites during 1976,
Hudson River Estuary, RM 27-62 (KM 43-99)
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D. ADULT STRIPED BASS STOCK ASSESSMENT PROGRAM » ‘

A comprehensive field andllaboratory study of adult (TL greatef
‘than or equal to 250 mm) striped bass was conducted from mid-March -through
June 1976 to determine the Hudson River spawning population's structure,
mortality rate, movement, 'and biological :characteristics. Field sampling - -
comprised the effort from both Texas Instruments (TI) personnel and con-
tracted commercial fishermen. Since the commercial fishery for striped bass
'in the Hudson River was officially closed durihg~1976,_age and ‘size composi-
tion of the commercial catch were estimated ‘by contracting commercial fisher-
men to fish using their.géarﬂin the usual manner. In‘addition,'tag~returnsi
(for a reward of.$5;00'per'tag) by sport and commercial-fishermenapro§ided

information on movements and exploitation rates.

‘1. Field Methods
TI sampling effort was éllocated-on the basis of adult étriped bass
distribution; this concentrated it in the vicinity of the Tappan Zee Bridge

and Croton-Haverstraw Bay early in the spawning season (March-April), shifted

it upriver to :the Indian Point area as the season progressed, and -moved it
downriver again in June at the end of the spawning season (Figﬁre I111-6).
Two clusters of .anchored gill nets (Appendix Table A—S),'éach<c1uster con-
_taihing.four nets of different standard mesh sizes (4-, 4.5-, 5-, and 6-inch
stretch multifilament) and one or twovexperimentalvnets-(7— or 8-inch multi-
filament or 4.5-, 5-,.or«6—inch monofilament), ﬁereAseparated longitudinally
in the river and tended day -and nigﬂf. ‘Also used in 1976 was a drift gill
‘net with'5.54iﬁéh.stretch monofilament mesh. Aléo{ to 6btain an unbiased
profile of.the-popu1ation;.é 900—ftl(294fm)’had1-seihe,‘(beliéVed~to'be the
least size-selective fishing gear available) was 'used to .sample beaches in
Haverstraw Bay (RM 33-39 [KM 53—62]5u A 200-ft (61-m) haul seine operated
from RM 33-42 (KM 53-67) provided additional catch. 1In 1976, the haul seines
were deployed -only at night. . |

Four -commercial fishermen (Figure I1II-6) were subcontracted to fish
for striped bass 2 'days per -week using their own fishing gear (Appendix Table

A-5) and techniques, and'each.Was:accémpanied by TI]personnel.during net-

tending.
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Figure III-6. TI 1976 Sampling Effort for Striped Bass during March-April

(a), May (b), and June (c) by North and South Gill Net
Clusters and by Commercial Fishery Effort (d)
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The measurement of all fish caught was to the nearest millimeter,

.and scale samples were removed. Live fish that Were not required in the
laboratory for measurement of biological characteristics were tagged and
released. Dead and dying fish and those sacrificed for further examination

were taken to the laboratory for processing.

2. Laboratory Methods

In the laboratory, striped bass were examined to -determine growth,
‘sex ratio, fecundity, rage at maturity, diet, and -age composition. To obtain
~ a complete ‘profile of the entire population, quotas were establiéhed'by time
period and length .group (TL's of 0-400, 401-549, 550699, 700-899, 900-1099,
and 1100+ mm).

Only fish collected in haul 'seines .were used for stomach content
analysis. The fish were injected through the ‘esophagus with 10% fotrmalin
immediately after capture to preserve the stomach contents. In the labora-

tory, organisms in the excised stomach were identified to the lowest prac-

tical taxonomic group.

All striped bass ‘exceeding 600 mm in ‘total length were agéd‘by the
scale method (Mansueti 1961a). Fish ‘having a TL less than 600 fm were -subsam-

pled by length :group.

Adult striped bass=processéd in the laboratory for length, weight,
and sex, were subjected to quality control procedures using a continuous
sampling plan described in Appendix A. Stomach content and age analyseé were

subjectztoAlot—by—lqt-quality'control (Appendix A).

E. WATER QUALITY

Water quality data (water temperature, dissolved oxygen, pH, con-
ductivity, and turbidity)'were'collected concurrently with or subsequently to

each ichthyoplankton and fiéheries éample. The instruments used to measure

water quality parameters, as well- as other details, are indicated in Appendix
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Table A-6. All instruments and thermometers were calibrated prior'to daily

samplihg and checked for accuracy periodically during the sampling day.

At the completion of each standard station surface and bottom
trawl/tow and each interregional bottom trawl/tow, all of the mentioned
water quali;y.variabies except turbidity were measuréd in the field; a water
saﬁple was collected at the surface for subsequent measurement of turbidity.
In the Standard Station and Beach Seine surveys, surface-water. temperature
and dissolved—oxygen concentration were measured in situ. A water sample was
collected at each sampling site and delivered to the laboratory for determina-

tion of pH, conductivity, and turbidity.

Water,duality measurements taken during markfrecapture effbrts_were
handled according to gear type. During each epibenthic sled tow for fall
mark—recaptﬁre of aduit.white perch, a modified Van Dorn 2-litre sampler
(Figure I1I-7) collected a water sample at the sampling depth. After ‘the
samplé was tfansferred to a ﬁide—mouth bottle, water temperature was takeﬁ;
ﬁH, conductivity, and turbidity were determined in the laboratory.  Water
quality sampling during bottom trawl mark-recapture efforts was haqdied
accofding to the standard station and interregional trawl water Quality
procedurés’just described. During mark-recapture efforts with beach seines,
box'traps,—gill nets, or other gear types, water quality was measured accord-

-ing to the standard station and beach seine survey water quality procedures.

_ During adult striped bass sampling, surface water temperature was
measured and a water sample collected. The latter was delivered to the
laboratory for subsequeﬁt_detérmination of pH, conductivity, and turbidity.
This procedure was used for the first and last gill nets téﬁded per cluster

per night and for each haul seine sample.

After each tow during the Larval Atlantic Tomcod, Longitudinal
River, and Fall Shoal surveys, water samﬁles were collected in modified Van
Dorn 2-litre samplers (Figufe III-7) attached to the tow cable. After re-
trieval of the sampler and transfer of the water sample to a BOD bottle,

temperature and dissolved oxygen concentration were measured and the sample
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then poured into a widemouth sample bottle for conductivity and pH measure=
ments; the bottle was then capped and delivered to the laboratory for tur—; ‘

bidity analysis.

A record of Hudson River water temperatures was obtained from the - -
Poughkeepsie Water Works in Poughkeepsie, New York. Freshwater discharge
data at Green Island, New York, were obtained from the U.S. Geological Sur-
vey. These records extend from 1949 and brovide a long-term data base for

- the Hudson River. The period. 1966-1976 is covered in Appendix Table A-7.

DOUBLE RELEASE

BRASS OR
ALUMINUM MESSENGER

USED AS GUIDE

AN DORN TYPE /
* CLOSURES /A

Figure III-7. Modified Van Dorn 2-Liter Sampler Used during .
Ichthyoplankton and Fall Shoal Surveys v .
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SECTION IV
LIFE HISTORY AND POPULATION DYNAMICS

A. INTRODUCTION

Knowledge of the life histories and population dynamics of the key
fish stocks in the Hudson River is essential for the evaluation of the impact
of power plants on any of these species.. In this section, trends in abun--
dance, feeding interactions between species, and_factors affecting growth and
abundance ére analyzed. The resulting discussion of'population.dynamics and

"species interactions include mechanisms of population change and compensation.

Data from ecological surveys, water quality studies, and power
plant operations were utilized in order to achieve the following specific

objectives for striped bass, white perch, and Atlantic tomcod:

e Describe diets and growth rates

@ Describe sex ratios, age composition, age at
maturity, and fecundity

e Describe fluctuations in abundance of juvenile
(young-of-the-year) striped bass and white perch
(1965-1970, 1972-1976), and Atlantic tomcod (1969-

1970, 1972-1976) ' ‘ o

e Examine mortality rates
e Examine potential relationships between various
' environmental factors and abundance and growth of

juveniles

e Examine potential relationships between combined
power plant operations and annual juvenile. abundances

o Discuss the compensatory ability of the populations
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B. STRIPED BASS (Morone saxatilis)

1. General Life History

The striped bass (Figure IV-1), an anadromous member of the family.
Percichthyidae (temperate basses), is native to the.Aflantic coast from the.
St. Lawrence River in Canada.to the St.. Johns River in northern Florida, aﬁdf

" the Gulf coast from western Florida.to Louisiana. Because of. the value of )
striped bass.as. a commercial and sport fish, its range has been extended to
the Pacific coast by successful stocking in 1879 and 1882 and into inland

lakes and reservoirs within the last decade (Figure Iv-2).

DS TN X Y T e idalcy
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Figure IV-1. Striped. Bass (Morone saxatilis), Anadromous Member of

Family Percichthyidae

Adult striped bass enter estuaries-in late winter to early summer
“and swim upstream to spawn in. freshwater. Timing of spawningvdepehds in
part on water temperature and ranges from late February in Fléridé (Barkuloo
1967) to early July in New Brunswick (Raney 1954). In the Hudson River, the
peak period of spawning usually occufs in May (McFadden 1977). A spawning
run in most systems ordinarily lasts several weeks. Sexual maturity is
attained by -most striped bass males when 2 to 4 yearskold and by most fe-
males wheﬁ 3 to 7 years old (McFadden and Lawler 1977). During spawning,
ripe females become surrounded by several males. Eggs and milt are expelled

rapidly amidst much thrashing-(Raney~l952). Fecundity increases with age
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RELATIVELY HIGH POPULATION DENSITY _ _
.RELATIVELY LOW POPULATION DENSITY >

® SPORT FISHERY ESTABLISHED BY STOCKING HATCHERY-—REARED
FINGERLINGS

SPORT FISHERY ESTABLISHED BY STOCKING HATCHERY—REARED
FINGERLINGS, NATURAL REPRODUCTION OCCURRING

1 Lake Talquin 13 Percy Priest L. & StonesR. 25 E.V. Spence Res.
2 Lake Hunter& L.Julianna 14 L. Martin 26 L. Texoma -
3 Lake Sinclair 15 Coosa R. 27 Keystone Res. -
4 Nottely Lake 16 Mitchell L. 28 Cheney Res
5 Clark Hill Res. 17 Ross Barnett Res. 29 wilson L.
6 Greenwood Lake 18 D'Arbonnet. 30 L. McConaughy
7 Lake Murray 19 L.Greeson 31 ColoradoR. below
8 Hartwetl Lake 20 L.Maumetle L. Meade
9 Lake Norman 21 L.Dardanelle 32 L.Meade
10 BadinlL. ) 22 Bedver L. 33 L.Powell
11 KerrRes: -~ 23 L. of the Ozarks 34 Herrington L. |
12 Cherokee L. & Holston R. 24 Navarro Mills L. 35 Toledo Bend Res.
above lake -
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Figure IV-2.

Distribution of Striped Bass in North Am
of Striped Bass Committee of ‘American Fisheries Society Sout

erica as of 1976 (Parsons 1974, Bailey 1974,
hern D1v131on 1972-1975, Karas 1974).
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and size; 5-kg and 17-kg females in ithe Hudson River produce approximately .
0.7 million and 3.6 million eggs, respectively (TI 1977a,é).‘ Eggs are A
semibuoyant and hatch after 34 to 100 hours, depending on ﬁemperature (T1
1977a,e). The current must be swift enough to keep them off the river bottom

to prevent possible suffocation (Albrecht 1964).

After hatching, .yolk-sac larvae (prolarvae) are approximately 3-mm -
long and capable of only short bursts of swimming while drifting with the éur—
rent (Bayless 1972). Swimming ability increases and the mouth and gut‘begin‘
functioning after 5 to 9 days when larvae enter the pqét yolk-sac (postlarvél)
stage and begin feeding on small zooplankton (TI 1977a,d). When 9 to 12 days
old, most larvae have‘inflated their gas bladders and are feeding actively,
although some n0urishmént‘is obtained from the oil of the yolk-sac (Dorqshev
1970). Post yolk-sac larvae transform into the juvenile form when approxi—

mately 5 weeks old and 15 mm long (Mansueti 1958).

During the summer, juveniles (young-of-the-year) assume the adult
body shapevand form schools in bay and shoal areas (TI l976a).v-Midge'1aryae,'
small crustaceans, and zooplanktdn are»important food items (TI 1974). During
the fall, juveniles range.f;om 76 tp.liS mm in length and their diet consists
'primarily of small crustaceans, especially Gammarus spp. (TI 1974;‘Subsection
B.2.b.). .Some juvenile population of ‘striped bass, especially larger ones
(TI 1977c), may emigrate out‘of.the gstuary before or during winter; others
apparently overwinter in the deeper pprtioﬁs_of the.nursery areas (McFadden-
1977). Growth practically ceases during the winter (McFadden 1977) and in
the spring; yearlings in the estuary leave overwintering areas, move to '
shore zones,‘and are distributed throughout the estuary by early summer

‘(McFadden 1977).

Young adults inhabit enclosed bays of the ocean or the lower por-
tions of estuaries whilerlder_adults may migrate long distances along the
coast, foraging up to ten miles from éhore, Migration tends to be northward
during the spring and summer and southward during the fall (Raney 1954). The
spawning migration in spring may involve a homing instinct; however, the

evidence for this is largely indirect and primérily based on the .existence
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of distinct riverine populatioms that can be identified by meristic and

morphometric characteristics (McFadden 1977).

Various factors affect the survival of the life stages of striped
-bass.‘ Abiotic environmental factors, predation by other fish,.disease, or
entraimment in the cooling water of power plants may affect the survival of
fertilized eggs and yolk-sac larvae. The sufviﬁal of post yolk-sac larvae
and juveniles may also be limited by food availability. As juveniles grow,
they become vulnerable to impingement on intake screens of power plants
(McFadden 1977).. Addlt striped bass are strong swimmers and generally avoid
impingement at power planté.v They are harvested by commercial and/or sport
fisheries, the iegality of which varies with place and season. 1In 1976, com-
 mercial fishing in the Hudson River for striped bass was banned by New York

State because of PCB contamination. -

Combinéd sources of mortality affecting striped bass populations
contribute to a cumulative rate that may exceed 99% through the juVenile life
stage (McFadden 1977). The striped bass is a species with high reproductive
potential; in addition,.some individuals have been reported to live as long
as 30 years (Merriman 1941). Their.populations have fluctuated .in abundance
over. the years, with a "dominant year class" emerging irregularly when
factors combine favorably to enhance spawning and/or survival (Raney 1954).
Through density-dependent changes in'natality and mortality rates, population
size tends toward an equilibrium level (a pfobess termed "compénsation"
[McFadden 1977]).

2. Feeding and Growth

This seétion describes the feeding habits and growth patterns of
both juvenile, yearling, and older striped bass collected in the Hudson Rivér
estuary. - This information will be used in sections concerned with the
analyses of feeding interaction between striped bass and white perch and

factors affecting their growth.
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a. Diet

The stomach contents of young-of-the-year, yearling, and adult ‘
striped bass were identified and recorded. The effect of season, age, and
size on diet were analyzed and general food habits were compared to those of

striped bass studied in other systems.

1) Juveniles, Yearlings and QIder Ages
a) Methods

Stomach contents were examined from striped bass captured in beach
‘seines between river miles 39 and 46 (KM 62-74) from April through November
1974. Fish were preserved in 10% formalin in the field and the stomachs were
later removed in the laboratory. The contents of the -stomach were sorted
under a diséecting microscope, idéntified, and counted. Numbers of those
dismembered organisms which>were identifiable were estimated by coﬁnting the
numbér of heads or portions of animals judged to constitute.SOZ or more of
the original'organism. Items such as filamentous algée,'ﬁnidentifiable :

animal and plant remains, and detritus were not counted but were noted as

being present or absent. Data were analyzed by month and length group of the
striped bass.collected (less than or equal to 75 mm, 76 to 150 mm, 151 to 200
mm and 201 to 270 mm). Length groups were the basis for later comparisons

with white perch diets (Section IV.B3.c.).

The'percentvfrequency of each countabie food item was calculated

for each striped bass as follows:

s
= —d x 100%

£ij m;

where

fij'= percent frequency of food item i in stomach j
mjj = number of'organisms of food item i in stomach ]
mj = total number of organisms counted in stomach j
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The mean percent frequency of each countable food item was then
’ obtained on a monthly basis for striped bass in each length group and for

all length groups combined using the formula:

- 1 &
f; = o Z fij
j=1
where
f; = mean percent frequencyvof food item 1

for all stomachs

f£i5 = pefceﬁt:frequency of food item i in
stomach j -

‘n = total number of stomachs with at least one
countable food item- '

Trends in food habits of striped bass were obtained by ranking all
food items consumed according to mean percent frequency. The top eight food
item, which accounted for at least 90% of food items eaten (total f; is at’

least 90.0), were then compared among different length grdups.

b) Results and Discussion

A‘tétal_of 428 stomachs from juvenile? and yearling, and older
striped bass were analyzed and 111 (26%) contained either no food or un-
countable food items. Seventy-six (18%) had empty stomachs, while 35 (8%)
fish contained only uncountable food items such as filamentous algae, plant
and énimal_reméins, and detritus. The remaining 317 (74%) of the juvenile
and yearling striped bass consumed a wide varietyIOf prey organisms (Table

IV-1, Appendix Table B-1).

Duriﬂg_April, cladocerans and calanoid copepods were the main food
items for striped bass less than or equal to 75 mm in length (Table IV-1).
During ‘June, Gammarus replacéd cladocerans as the most common organiém eaten
but calanoid copepods were still eaten. Their diet became more diversified
during September through November; Gammarus composed more than 50% of the
organisms eaten by striped bass less than or equal to 75 mm TL.during Septem-
‘ ber and October, and the remainder of the diet included amphipods, poly-

chaetes, chironomid larvae, copepods, and isopods.
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Table Iv-1

Comparlson of MaJor Countable Food Items of Striped Bass by Mean Percent
Frequency, April-November, 1974 : o : .

April May . June
Length Sample Food Item Mean Percent Sample Food Item Mean Percent S§mp1e Food Item Mean Percent
Group Size Frequency ’ Size Frequency Size Frequency
(1om) X
<75 2 Cladocera . 50.00 No samples 3 Gammarus © 66.83
Calanoida 48.88 . . Calanoida 32.21 .
Gammarus - 0.56 . . Harpacticoida 0.81 S e
Chironomid (L) 0.56 Chironomiq (L) 0.16
76-150 7 Gammarus - 59.73 3 Gammarus ' 100.0 51 - Gammarus 34.33
Calanoida .4 . Atlantic tomcod 21.90 .
Chironomid (L) 10.88 Calanoida 1;.28
Cassidina 2.86 . Cyathura . . *
Chirodotea © 2,38 Emgi}ﬂsr 9.09 .
Monoculodes . 0.04 Chironomid (P) 3.96
: ' Chironomid {L) 2.86
Lironeca ovalis 1.96
Cladocera (unid} 1.96
151-200 No samples No samples . 3 Blueback herring 33.33
-Atlantic tomcod 33.33
Clupeid {unid) 33.33
200-270 No samples Ho samples . No samples ’
July August " September
<75 A No samples No samples 29 Gaﬁmarus 54.74
© lLeptocheirus 10.35 -
Polychaeta 8.62 .
Co(oghium . '6.35
Chironomid (L) 5.66
Calanoida 3.35
Cyclopoida 2.97
Cyathura . 2.8
75-150 21 Gammarus 34.76 30 Gammarus 39.06 © 38 Gammarus 47.33
Cyathura 27.65 Corophium 23.72 Crangon 6.63
- Chironomid (L} 14.59 . Chironomid (L) 9.69 Bay anchovy 6.42
Harpacticoida 7.35 Rhi thropanopeus 8.56 : Chironomid (L) 5.34
Clupeid (unid) 4.76 Neomysis 6.11 Banded killifish 5.26
Chironomiu (P) 2.85 © Fish remains 5.83 Diptera (L) 4.40
Adult insect 2,70 Banded killifish 3.75 Corophium 3.80
remains : Diptera (P} 0.83 Polychaeta 3.67
Le?tocheifus 2.38 . .
olychaeta 2.38
151-200 9 Polychaeta 43.83 7 Fish remains .57.14 4 Gammarus 37.50
Cyathura 29.79 Atlantic tomcod 25.71 Clupeid (unid) 25.00
Crangon 1.1 ’ Corophium 12.38 Neomysis 21.21
Bay anchovy 1. --Gammarus 4.76 Fish remains 4,92
Chironomid (L} 2.3 . Atlantic tomcod 4,92
Leptocheirus 1.85 e : Crangon 4.7
. . . Cyathura 1.52
. Rhithrovanopeus 0.76
201-270 Ho samples 1 Fish remains 100.0 ' 2 Cyathura 50.00
' Atlantic tomcod 37.50
Gammarus: 12.50
October November
<75 26 Gamma rus. 56.47 7 Calanoida 67.72
lg.gg Ganimarus 15.08
5 . Cyathura 14.29
Leptocheirus 5.41 Cyclopoida 1.93
Polychaeta 4.90 - Cassidina - 0.99
Cyathura 4.22 : B
Chironomid (L} 3.67
Cyclopoida 3.37.
[ :
76-150 37 Gammarus 63.70 . 19 Gammarus 44.92
Fish remains 7.88 Calanoida 23.96
Chironomid (P) 6.05 0ligochaeta . 5.26
Rhi thropanopeus 5.54 Nemertea (unid) 4.63
Cyathura 4.45 Neomysis 4.21
Le?tocheirus 2.93 F]SE remains 3.92
Calanoida - 2.61 Polychaeta 3.16
Mongculodes 1.80 Crangon 3.11
151-200 4 Striped- bass 25,00 4 Mummi chog 50.00
Chirodotea 25.00 Clupeid ?unid) 25.00
g?nnar:s( " 20.?3 Neomysis 24,47 .
upeid {uni 16.67 Crangon ° 0.53
Banded killifish  12.50 et '
201-270 8 Clupeid (unid) 62.50 2 Morone (unid) 50.00

Fish remains 37.50 Crangon 31.25 ‘
v ClupeTd (unid) 18.75 : ‘

U = Unidentified
L = Larvae
P = Pupae

: 1
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Striped bass 76 to 150 mm TL were sampled from April to November.

Gammarus was the major food item consumed dufing all months, wiph the mean

percent frequencies ranging from 34 to 100. During April, calanoid copepods

| and chironomid larvae were in their diet in addition to Gammarus, and fish
were consumed in the striped bass diet during the summer and fall months. A
variety of fish were consumed but only during June did fish represent a sub-

stantial portion (21.9%) of the diet.

Striped bass of 151-200 mm TL were collected from June thrdugh
November. Fish composed a large proportion of their diet, although inver-
tebrates were still consumed. One striped bass (total length = 151 mm)

collected in October had consumed one other striped bass.

Thirteen striped bass 201-270 mm in lengfh were bass were collected
from August to November‘for stomach analysis; fish remains were the major
constituents of their diets. One collected in November contained two uni-
dentifiable'Morone. From the samples available for analysis, it appears
that striped bass greater than 200 mm in length are almost exclusively pisci-
vorous. Additional data on foodvhabits of striped bass greater than 200 mm,
'esﬁecially adult fish collected dﬁring the spawning season, are described in

the next subsection.

‘ Previous studies indicate that young-of-the-year and yearling
striped bass feed primarily on small invertebrates, with fish becoming
ncre351ng1y 1mportant in the diets of yearling and older fish (Markle and

. Grant 1970; Gomez 1970 Manooch 1973; and Ware 1971). The 1974 data from the
Hudson River estuary support these findings. Striped.bass greater than 75 mm
in total ‘length pr1mar11y feed on small invertebrates (cladocerans, copepods,
and amphlpods). Young- of-the—year Atlantic tomcod were the flrst fish which
appeared in the stomachs of striped bass between 76 to 150 mm in total length
collected during June. Markle and Grant (1970) and Gomez (1970) also reported
striped bass foraging on prey fish at about this size. Striped bass 151 to
200.mm in total length continued to eat invertebrates; however, fish became
increasingly_important in their diet. Hudson River striped bass greater than

200 mm in total length primarily consumed fish (clupeids, Atlantic tomcod,
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and Morone). Manooch (1973) found ' fish to be the dominant food of'stripedw“\
bass 125 to 304 mm in length in Albemarle Sound, North Carolina, and reported.
that approximately 1% of the yearlings examined contained young striped bass.”
Cannibalism was also uncommon in the Hudson River estuary during 1974 and .

only one striped bass was found to have consumed another.

2) Age Two and Older
a) Methods

The stomachs examined for this analysis were obtained from stripéd
bass captured at night in haul seines (200- and 900-ft) during April and May
1976. Only fish from haul seines were examined since retention of stomach
contents can be influenced by the method of capture (Manooch 1973 and Stevens
1966; fish caught in gill nets have a higher frequency of empty stomachs,
caused either by continuing digestion or regurgitation while the fish aré
trapped in thevnets. Imﬁediately upon capture, the fish used for stomach
analysis were injected through the esdbhagus with 10% fdrm#lin. _The stomachs
were later dissected in the lab. Data were analyzed by month of capture

(April and May) and length group (200-399, 400-599, 600-799, 800+ mm) .

-b) Results and Discussion

Twenty-two fish (19 countabile fish remains, 2 unidentifiable
Clupeids and a blueback herring) had been consumed recently before capture
by the striped bass examined in this study. Uncountable fish remains were-
found in four additional stomachs. Fish constituted the major food item for
the two largest size groups examined. Vegetative material and fish remains

were most numerous in the stomachs of the two smallest size groups.

Feeding appears to decrease during the spawning season. Thirty-
three (24%) of the 138 stomachs examined from.all size groups were empty
(Table IV-2). Of the 105 nonempty stomachs, 84 (80%) contained only detritus
and inorganic material. Of:the 84 .stomachs which had only detritus or in-
organic material, approximately 80% were empty except for sand grains which
vere probably ingested while within 'the confines of the net during capture.

Therefore, the incidence of stomachs with items of no nutritive value was
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Table IV-2

Hudson River Estuary during April and May 1976

‘Stomach Contents of Adult Striped Béss Caught in Haul Seines in

April and May

Length Group and April May Combined
Food Item No. Stomachs Count for No. Stomachs Count for No. Stomachs Count for
Description with [tem A1l Stomachs with Item - A1l Stomachs with [tem A11 Stomachs
200 - 399 mm (TL) 19 stomachs, 11% empty 29 stomachs, 41% empty 48 stomachs, 29% empty
Filamentous algae 1 * 1 *
Animal remains 1 * 1 * .2 *
Plant remains 1 * 5 * 6 - *
Detritus 17 * 14 *- 31 *
Fish remains 1 1 1 1
~ Cyathura 1 1 1 1 2 2
400 - 599 mm (TL) 18 stomachs, 17% empty 3] stomachs, 29% empty 49 stomachs, 25% empty
Fish remains 3 * 3 *
Animal remains ) 2 * 2 *
Plant remains 4 * 4 *. 8 *
Detritus 14 * 15 * 29 o *
Fish remains 1 1 1 1 2 2
600 - 799 mm (TL) 7 stomachs, 14% empty 12 stoma'chsv, 17% empty 19 stomachs, 16% empty
Fish remains 1 * ' 1 *
Plant remains 1 * 1 * 2 *
Detritus 6 * 9. * 15 *
Fish remains 1 1 1 1
800 + mm (TL) 8 stomachs, " 12% empty 14 stdmaths, 21% empty 22 stomachs. - 18% empty
Plant remains 2 * 2 * 4 *
Detritus 6 * 4 * 10 *
Blueback herring 1 1 1 1
Clupeid (unid) 1 2 1 2
Fish remains 3 8 6 7 9 15
Combined length groups - 52 stomachs, 13% empty 86 stomachs, 30% empty 138 stomachs, 24% empty
Fish remains 1 * ' 3 * 4 *
Filamentous algae : 1 * 1 *
Animal remains 1 * 3 * 4 *
Plant remains 8 * 12 * 20 *
Detritus 42 * 42 * 84 *
Blueback herring 1 1 1 1
Clupeid (unid) . 1 2 1 2.
Fish remains . 4 9 9 10 13 19
Cyathura 1 IR 1 1 2 2

*Uncountabie




much higher than the 24%. of the stomachs that were completely empty. In

April, the stomachs of approximately 15% of the fish in each length group
were empty. The percentage of ‘empty stomachs 1ncreased in May about. the tlme

of spawning (Subsection V.B.1.1).

_ " The low incidence of identifiable food items in Apfii—May may be
explained by the fact that feeding decreases during the spawning season -
(Scofield 1931, Manooch 1973, Stevens 1966, Woodhull 1947, Trent and Haésler

 1966, and Hollis 1952). Sampling occurred only at night and although diges-
tion is rapid (Heuback et al 1963), striped bass are known to be evening"
feeders. Although this study was eonducted only. during‘the months of the
spawning season, many other studies report the feeding habits of large
striped bass throughout the year (Schaefer 1970, Stevens 1966, Thomas 1967,
Manooch- 1973, Hollis 1952). Results of this present study (when detritus and
inorganic material are excluded) are similar to. the results of Trent and
~ Hassler (1966) who found that the stomachs of only 15% of the males and 204

of the females in the spawning areas of the Chesapeake contained food.

Fish species,sﬁchvas menhaden, silverside, killifish, herring, an-
ehovy, shad, and croaker have been reported as most common in the diets of
large stripedibass in other populatiqne (Hollis 1952, Manooch 1973, Raney
1952, Merriman 1941, Dovel 1968, andéétevens.l966)u Only Schaefef (1970)
found invertebrates, especially amphipods, to be important items in the d1ets
of large fish (up to 940 mm TL). Although cann1ba11sm was not detected with
the small sample size of this study, it has been reported in the Albemarle
Sound by Manooch (1973), in the Hudson River by.Dew (1977), and on the west
coast by Scofield (1931), Stevens (1966), and Thomas (1967).

b. Growth
1) Larvae and Juveniles

This section~presenfs data on growth rates fer striped bass larvae
and juveniles of‘fhe 1976 year class. These data are compared with those for
the 1973, 1974, and 1975 year classes of striped bass previously presented
(McFadden 1977).
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-a) Methods

. ' Growth for the 1976 year class of striped bass was estimated with
the same procedures used for the 1973, 1974, and 1975 year classes (McFadden
1977) éndiwas.estimated'from changes in ﬁean length over time. Déta on mean
lengths for larvae were provided by LMS and combined with juvenile data from
the TI surveys to get estimates_bf mean 1eﬁgth fo:_each week from the time of
first spawning (early May) through mid-December. Growth curves were fitted

by eye.

b) Results and Discussion

" The growth curve for the 1976 year class was similar to those re-
ported for the 1973,~1974, and 1975 year ¢lasses (McFadden 1977). Growth was
 slow during June, rabid during July and early August, and decreased from late
August through Octoberv(Figure IV-3). Essentially no growth was evident after
mid-October. The stabilization of mean 1ength-observed during September and

early October may be an artifact due to due to gear avoidance and_emigratioh

. (Subsection IV.B.3.b.).
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‘ 'Figure IV-3. Estimates of Mean Length and Growth of Larvae and Juveniles
of 1976 Year Class of Striped Bass in Hudson River Estuary
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Individuals from the 1976 year class were smaller than individuals

in the 1973, 1974, and 1975 year classes during comparable time periods (Fig-
ure IV-4). Temporal patterns in larval abundance suggesf that the majority;
of the 1976 year class originated from the second peak in egg abundance as .
will be discussed in Section IV.B.3.b. This second peak occurred 2 to 3
weeks later than the periods of peak égg abundance from 1973 through 1975;5::
the larvae in 1976 were 5 to 10 mm smaller than-weré the previbus three year
‘classes at the same time of the year. During the period éf rapid growth,
1976 growth rates were similar to those of previous years éo';he 5 to 10 mm

size differential was maintained through early August.
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Figure IV-4. Comparison of Growth of Larvae and Juveniles from 1973, 1974,
1975, and 1976 Year Classes of Striped Bass in Hudson River
Estuary :
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_ The rate of growth decreased during August of 1976, whereas in the
‘ ' previous three years, rapid growth continued through August. As a result,
the size difference increased during late summer. By mid-October, the mean
length of the 1976 year class juvenile was from 10 to 20 mm less than' those
in the previous three years. The difference in August growfh among the
1973-1976 year classes may be related to differences in.summer water tem-—
peratures. 1In 1973, 1974, and 1975, water temperatures increased through
July, reached a maximum in August, and declined in September (Table 1v-3).
In 1976, the water temperature reached a ﬁaximum in early July rather than
in August as in the previous three years and August temperatures were lower
during 1976 than during 1973-1975. Therefore, the size 6f'the'juveniles at
the end of the young—of—the-year stage is partially deﬁermined by the length

of the growing season (from hatching to mid-October) and the summer water

temperatures during this period.

Table 1IV-3
, Periods of Max1mum Water Temperature (°C) and Mean July and August
‘ ' Temperatures (°C) during 1973-1976 in Hudson River Estuary
Period of Maximum Maximum Mean July Mean August

Year . Water Temperature Temperature Water Temperature Water Temperature

1973 Aug 9-11, 29-30 . 5.6 237 N 24.8
. Sep 10-13 _ o : ‘

1974 Aug 21-26,28, 30 5.0 22.9 24.4

1975 Aug 5 | 272 2.9 25.0

1976  Jun 29-dul 6, 13 25.0 24.5 | 23.3

Water temperatures measured off Poughkeeps1e New York, by the
Poughkeeps1e Water Works Department.

2) Fish Two Years of Age and Older

Growth is important since it affects the age specific fecundity
and age at maturity of striped bass. Growth rates in fishes are more vari-
‘ " able than those of many other organisms, and may be sensitive indicators of

changes in the environmment (Ricker 1975).
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a) Methods

Stri.ped bass two years of age‘b and older (hereafter called "older™) o ‘
 were collected with haul seines and gill nets from March through June 1976.

Total length was recorded -for each fish and subsampledbscéles (Subseétion

111.C) were taken for aging. Two possible methods of growth calculations ...
(McFadden 1977: subsection 7.8.2.) include direct measureﬁeht of mean length

at a given age, and estimation of length at annulus formation by back calcu-

lations from scale dimensions. Only the first method was used for adult |

striped bass collected during 1976. The sizerf each fish captured and the

age of the subsampled fish (Subsection III.C) were determined and the mean

size for each age group was then calculated. Instantaneous and incremental

growth rates were calculated from the mean total length of striped bass ‘in

each age group.

The incremental growth rate can be calculated as the difference
between the mean total length of two consecutive age groups collected at the
same time. The equation for calculating instantaneous growth rate (G) in

weight is given (Ricker 1975) as: _ : ‘

G=b (lnL, - In Ll) . (1v-1)

G
where b is derived from a regression. of logarithm of weight against the

logarithm of length.

b) Results and Discussion .

The 1976 analysis of gfowth for striped'bass coilected in the
Hudson River from March thrbugh June indicated that the length of males and
females was the same after the first eight years of life (Table IV-4). Age
IX+ females were lérger than males of comparable age. Incfemeﬁtai growth
rates ranged from ~-37 mm (an anomaly of small sample size of females from
age XIV to XV) to 169 mm per year (females from age VIII to IX). The striped
bass captured in 1976 averaged approximately 50 mm of growth each year.

‘Growth occurred slightiy faster among'the younger age grbups. The‘inétan—

taneous growth rate (G) showed a general decrease from young to older fish ’

(Table IV-4).
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Table IV-4

Mean Total Length, Annual Instantaneous Growth Rates (G),
. and Incremental Growth Rates of Hudson River Striped Bass Populations
Collected March~June, 1976

Males Females

Mean Incremental - Mean Incremental
No. Total Length . Growth Rates ) No. Total Length Growth Rates )

Age Examined {mm) (mm) * G Examined - (mm) (mm) * G

- 11 9 3mn --- —--- 4 27N --- ----
111 174 385 : 74 0.64 - 158 389 118 1.09
v 145 439 ’ 54 - 0.39 163 456 67 0.48
v 282 - 521 82 0.51 312 524 68 0.42
VI 164 565 44 0.24 237 577 53 0.29
VIT- 52 640 ‘75 0.37 135 690 113 0.54
VIII 23 . 41 1M 0.44 32 737 47 - 0.20
X 15 781 40 0.16 11 906 169 0.63
X 19, . 867 ) ‘86 0.31 34 ) 937 31 0.10
XI 24 873 6 0.02 35. 958 21 0.07
X11 : 9 877 4 0.01 20 973 15 0.05
XIII 2 916 39 0.13 . 10 1010 37 0.1
X1V - . --- --- --=- 2 977 -33
XV - --- --- ———— 1 940 -37
XVI --- - e B --- o -—- ---
XVII EEEE - R ---s --- --- ---
XVIII --- : --- . --- e ) 1T 1025 -

Total 918 A Total 1155

Instantaneous growth rate (see equation [(IV-1)]; constant b = 2.988 for males and 3.028 for females)
* = Incremental growth rate (the difference in mean total length between two consecutive age groups)

The 1976 data appears to be in contrast to earlier data from the

Hudson River (McFadden 1977) where significant differences were found be-
tween males and females older than age III. The similar sizes of male and
Afemale fish up to age VIII found in 1976 also differed from data in tﬁé

literature for otﬁer anadromous populations, where the females were found to
.grow.significantly‘faéter after the fifét two to three years of life
(Merriman 1941, Robinson 1960, Mansuéti'l961a; and Jones et al 1977). A
possible'explénétion for these differences is that the male and female
striped basé of the Hudson River apparently coexist tﬁroughout their life
cycle as shown by the overall even sex ratio encountered during 1976 éam—
pling (McFadden and Lawler 1977). Therefore, both are subjected to ex-
ploitation by the commercial fishery. This, however, would be in marked
contrast to the Chesapeake Bay striped bass (Jones et al 1977) where many
females underwent coastal migrations whiie most males remained in the
estuary. Since males in the Cheéapeake Bay remained in the estuary, they
were more susceptible to. commercial. fishing with‘the faster growing males
being caught first. This would result in a selection for slower grbwing

males (Ricker 1969) to survive past the ages of initial exploitation. Males

at older ages would then be smaller than females of the same age.
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3. Population Dynamics

This section describes the population dynamics of 1arval, juvenile - ’
and older striped bass collected in the Hudson River estuary. Estimates of . »
the relative and absolute abundance and mortality rates for striped bass
during 1976 are presented and the potentlal for feeding interactions between
striped bass and white perch is discussed. Finally, den51ty—dependent and”
density-independent factors affecting growth and abundance of juvenile

striped bass are investigated.

a. Abundance Trends and Population Estimates
1) Juvenile Abundance Trends

Trends in the abundance of juvenile striped bass in the Hudson
River can be detected with_an index of year4c1ass strength.v Developed in
1975 (TI 1975a), the index has been periodically refined to provide a more
‘accurate measure 6f'year-c1ass variations in the juvenile striped bass popula-
tion since 1965. A description of the environmental surveys which were eval-

uated in the development of the 1ndex and an explanation of the rationale for

selectlon of beach seine. data as the best data set for the abundance 1ndex ' .

were presented in earller reports (TI 1975a and McFadden and Lawler 1977).

a) Methods =

Catches of juvenile striped bass per 10,000 ft2 sampled by.beach
seines from mid-July through August of each year formed the basis of the
annual abundance indices for 1965—1976 (exelnding 1971). The applicability
of this index as an indicator of year class strength was tested by comparing'
it to an index based on a 1onger.sampling interval (July-October) for the
years 1973-1976. Friedman and Multiple Comparisons Tests of the alternate
index (1973-1976) prov1ded a statistical basis for further evaluating the
July—August abundance indices and trends in abundance over the 12 year
period. In additionm, yearllng abundance was calculated and correlated with
the juvenile abundance of the precedlng year to determine if year class

strength is set by mid-July through August.
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(1) calculation of the Eleven-Yeatr Index

‘ Beach seine catch and effort data from June, July, and August were
the only consistent data available for the period 1965-1976 (excluding 1971
when insufficient sampling ‘was done) [Figure iV—S]. ‘Since juvenile striped
bass were beginning to move from the shoal and channel areas to the. shore in_
July (Figure‘V-13), only data from mid-July td the end of August were used to

generate each annual index of abundance.

Beach seines of three different lengths (50-, 75-, and 100-ft) were
used from 1965 to 1976, (Appendix Table B-2). To standardize the catch in
" the three seines, the number of juvenile striped bass caught per unit area
= swept (CPUA)Awas used as the index of.year-class strength. The aréa sweptiby
the 50-ft seines which were used in the New York University (NYU) Survey, was
meésured at the time samples were taken (Perlmutter et al 1967). The area
swept by a 100-ft seine was found to_ha§e a mean of 4844 fr2 (TI 1975a). The
75-ft seine used by Raytheon (RAY) for part of 1969 was assumed to sweep an
area. similar in shabe to the 100-ft seine and calculated to be 2725 ft2 (TI
i975a). The three seines were assumed to be equally efficient when catches
. were expressed on a unit—-area-swept basis. The e‘fvficienciesvof the 50-ft and
100-ft seines have been compared and no significaﬁt difference (o = 0.05)

between the catches of juvenile striped bass per unit area swept was observed

(TI 1977b).
JAN I FEB | MAR |' APR | MAY | JUN J JuL I AUG | SEP l ocT I NOV ]' DEC

YEAR SURVEY

1965 NYU ‘Q$

1966 NYY ‘

1967 NYU .

1968 NYU » * » » = |
- 1969 NYU ' . : .

1969 RAY : '
1970 .| RAY ' §§g>\

1971 _ . .

1972 71 . . } . ' \Qf\ \§§\

1973 | o _ . 7R

1974 T ' X X

975 | 11 o

1976 TI .:' /AR /

D Months during which sampling occurred )
R Months used to calculate mid-duly through August striped bass juve.nﬂe abundance index

. ' P77 Months used to calculate July through October index

# Months in _which only Stations I1IW1 and TIE1 sampled . : _
Figure IV-5. Beach Seine Sampling of Hudson River Estuary from 1965-1976
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To avoid biaSes.introducéd by the variation in local densities, .,
the abundance'index was based on river—wide data. 1In 1969, 1970, and 1972, .
sampling was.concentrafed in the Indian Point and Croton-Haverstraw regions
(Table IV-5) which frequently had the highest dehsities of juvenile striped

bass (Figure.V—IZ). Indices calculated from these samples alone would likely

overestimate river-wide juvenile abundance. 1In order to adjust for this
bias, indices from each year of restricted sampling (1969, 1970, 1972)'weré
ad justed to correspond to river-wide estimates. This was done by calculating
the geometric mean of the ratios of rivér-widevabundance to Indian Point
standard station’ abundance from mid-July through August from the yeérs
1973-1976 (when both river-wide and near-field sampling were done). Then,
the Standard Stations CPUA values for 1969, 1970, and 1972 were multipliéd
by this:geometric mean ratio (0.43; Appendix Table B-3).

Table IV-5

Geographical Regions of Hudson River Estuary Sampled
' by Beach Seines from 1965-1976

: Region (River Mile)
YK TZ CH - v IP WP cW PK HP KG SG

Year  Survey - (12-23) (24-33) (34-38) (39-46) (47-55) (56-61) (62-76) (77-85) (86-93) (94-106) (107??24) (125‘-\%52)
1965 NYU- o ‘ * S * x :
1966 NYU » * * i * * v * *.
197 MW . o T * ., - .
1968 NYU * - * * * ' * *
1969 NYU . * : * _ o
1969 RAY * * *
1970 RAY : o * *
S
1972 TI ‘ * * * ;f *x
1973 TI * ‘_ * * * ) *. o * * * * * *
1974 TI ) * i * * . * * * * oo x . *
]975 TI . * * * * * * * * * ) * * *
]976 TI . * * * * * * * ) * ] * * * *

*Beach seine samples taken in these regions

**Beach seine samples taken from October-December only (not included in the July-October index)
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(2) Four Year Alternate Index

Prior to 1969, limited sampling occurred after August restricting
the abundance ‘index to the ﬁid—Juiy through August sampling period (Figure
IV-5), however peék catches of striped bass in the shore zone usually.occur—
red later in the season (Figure V-13). To determine if the mid- July through
August index accurately reflected juvenile abundance, river—wide indices
based upon data from the period July-October were calculated for 1973
through 1976; The beach seine data from each of these years, when divided
into nine biweekly intervals, allows a statistical analysis of the differ-
ences between years using the Friedman and Multiple Comparison Tests
(Appendix Table,B—4 and B-5) (Hollander and Wolfe 1973). The results of

these analyses were then compared to those abundance indices observed for

.the same years when the mid-July through August abundance index was used.

(3) Juvenile Abundance versus Yearling Abundance
in the Following Year

For the purpose of detérmining trends in yeér class abundance, it
is assumed that the mid-July through August index adequately represents

striped bass abundance after year-class strength had been established. If

 this assumption is true, the abundances of juvenile striped bass in one year

and yearling striped bass the following year should be positively correlated.
Numbers of yearling étriped bass collected in beach seiné were recorded
durihg 1974-1976. From 1965 to 1973,. the numbers of yearling versus striped
bass two years of age andbolder were not reported separately. For the
1974-1976 catch data, yearlings represented 91% of the cdmbined‘yearling and
older striped bass catches (Appeﬁdix Table B-6). Therefore, the combined
catches for the'jears 1965 to 1973 should be'highly correlated with the
actual yearling abundance. An index of catch-per-unit area for yearling and
older striped bass was calculated (Appendix Table B-16). Data from nine year
classes were used in the analysis to correlate juvenile abundance in year t

with estimated yearling abundance in the year t + 1.
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b) Results and Discussion

(1) Juvenile Abundance Index (Eleven Years)

During the period 1965-1976, estimated year-class abundance of
striped bass varied by a factor of 25.6 (Table IV-6). Three weak year '
classes (1965, .1967, and 1968), four strong year classes (1969, 1970, 1973,..
and 1975), and four intermediate year classes (1966, 1972, 1974, and 1976),
were apparent (Figure IV-6). After a sharp recovery from the intermediate
to weak year classes of 1965-1968, the juvenile striped bass population had
been fluctuating with high and intermediate abundances from 1969 through
1976. Factors contributing to the variation in year-class strehgth are

presented in Subsection IV.B.3.e.

Table IV-6

Beach Seine Data Used to Calculate River—-Wide Index of Abundance
(Catch Per Unit Area) for Juvenile Striped Bass,
Hudson River Estuary, 1965-1976

Sample Number Area 2 Index of
Year Survey Date Caught Swept (ft©) Abundance
1965 NYU 7/19-8/17 27 227,000 1.2
11966 NYU ‘ 7/13-8/24 . 292 356,225 } 8.2
1967 NYU 7/17-8/21 116 275,000 ‘ 4;2
1968 . NYU 7/15—8/19 | . 51 389,700 1.3
1969 RAY & NYU  7/13-8/30 431 . 60,325 30. 7%
1970 RAY 7/12-8/29 986 266,420 15.9%
]97] Coxk **. . .** **k . **
19]2 TI : 7/16-9/02 . 447 | 208,292 9.2*
1973 o Ti - 7/15-9/08 6,127 2,145,892 : 28.6
1974 . TI 7/14-9/07 2,713 2,853,116 | 9.5
1975 TI - 7/13-9/06 6,574 3,599,092 - 18.3
1976 TI 7/11—9/04 4,240 3,758,944 11.3
*Abundance indices have been adJusted by a factor of 0.43 to correspond :
to river-wide abundance =~ o .

**Insufficient sampling
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Figure IV-6. Juvenile Striped Bass Abundance Indices (Catch-Per-Unit-Area)
‘ - for Period Mid-July through August, 1965-1976,
' "Hudson River Estuary . :
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(2) Alternate Index (Four Years)

The striped bass abundance index (mid-July Ithrough August) was ‘coms: | '
pared with the July through October index of 1973-1976. Both indices exhibited
similar trends of juvenile abundance (Figure IV-7), with the 1973 and 1975~
indices being higher than those for 1974 and 1976. A Multiple Compar1son Test
based on Friedman rank sums of the July-October' indices, revealed that the:-1973
July-October index was significantly (o = 0.05) different from those of 1974
and 1976 (Table IVf7), but the 1973 and 1975 indices were not significantly”

different., -~ s . | ’

Table IV-7

Results of Friedman Multiple Comparisons Test of July-October Index of Abundance
for Juvenile Striped Bass, Hudson River Estuary 1973-1976 (Those years
between which no significant [a = 0.05] difference exists are underlined)

1974 1976 1975 1973

There was no significant difference between 1974, 1975, and 1976 ' ‘

July-October abundance indices for juvenile striped bass. Trends reflected by
the July—October index, when peak catches for juvenile striped bass OCCurred
were 31m11ar to those of the mid-July through August abundance 1ndex This
similarity of the two indices corrob6rated the conclusion that the use of the
mid-July through Auguat data provided a valid measure of relative abundance.

. Therefore all subsequent analyses of year class strength used the mid-July

[

through August index.

(3) Juvenile Abundance versus Yearling Abundance
in the Following Year

A significant correlation (r = 0.833, P = 0. 005) was found between
the Juvenlle CPUA values in year t and the comblned yearllng and older CPUA
values in year t + 1 (F1gure IV—8) Therefore year-to-year dlfferences in
young-of-the- year abundance as measured by the m1d-Ju1y through August index
were maintained through the follow1ng year. This relationship strongly
suggeats that the juvenile‘striped Bass abundance'index reflects abundance
levels after the establishment of year class strength and thus reflects .

future relative abundance of recruits.
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2) Juvenile Population Eétimatesvv L ’ .

Several factors were cdnsidéred in estimating the absolute popula-
tion size of juvenile striped bass. The population was distributed over the
estuary (RM 12-152 [KM 19-243]) in habitats which often weré not easy to
sample effectively. In additiom, the population was constantly changing due
to the processes of recruitment, mortality, and émigtatioﬁ. Therefore,
several methods were employed so that estimates could be compared and an

assessment of the sources of bias for each method could be made.

a) Methods

Both mark-recapture and density extrapolation methods were . A .

examined for use in estimating the number of juvenile striped bass in the
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estuaryiduring 1976. The estuary was divided into five regions for the
mark-recapture pfogram. ~Juvenile fish were marked in September, October,
and November byvclipping combinations of two fins. These finclip combina-
tioﬁs were specific to regions and months so thatArecaptured fish could be
identified according to the time and location of their release. Fish were
also finclipped from April through June but during thesé months, clip com-
binations were specific only to regions. Recapture effort included all TI
field sampling brogréms from September of 1976 thfough'June 1977, and recap-
tures from impingement collections at the Bowline, Lovett,_Indian Point,

Roseton, -and Danskammer power plants from the same time period.

Most mark-recapture methods require that several basic assumptions
are met:
e Marked and unmarked fish suffer the same mortalit&.

e Marked and unmarked fish are equally vulnerable to the
fishing or sampling program.

e Marked fish do not lose their marks.

e Either marked fish become randomly mixed with unmarked
or the recapture samples are selected randomly from
the entire population.

e All marked fish in the recapture sample are recog-
‘nized. '

e  Recruitment to the population is negligible.

To obta.in the best populétion estimate, a technique for which most, 'or. all,
of the aésumptions can be met is-desired. Violation of assumptions intro-
duces error into tﬁé mark-recapture population estimates. Error has been
classified as one of three types by Ricker (1975) based on the effect each
type would have on the parameters (slope or intercept) of a regression
analysis. Type A errors are those that affect only the intercept of a
regression analysis of mark-recapture data over time (Figure IV-9). This
type of error could be caused by marking-related mortality that was mani-
fested immediately after release of the fish but that did not affect sub-

sequent surVival; thus the actual number of marked fish available for
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Figure IV-9.
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Dlagrammatlc Representation of Types of Systematlc Errors
Possible in Mark-Recapture Data. (M/N) Represents the
Fraction of Total Population (N) That Is Marked (M). (R/C)

Represents Fraction of the Sample (C) That Is Marked (R) .
(Adapted From Jones 1977)
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recapture would be less than the total number marked. Other causes of Type
A error would be a consistent failure to report a fraction of the recaptured

fish or immediate tag loss (Type 1, Beverton & Holt 1957).

Type B errors are those which affect the slope of the regression
line but not the ihtercept (Figure IV-9). Factors which cause Type B errors
include continued higher mortality of marked fish or continuous tag loss.
(Type 2, Beverton & Holt 1957). 1In both cases the decreasing fraction of
marked fish in the catch through time will underestimate the fraction of the

total population originally marked.

Tyﬁe C errors are those which would have an effect immediately
after marking but observed values would approximate expected values after
some period of .time (Figure IV-9). 'Thus some "waiting period" would be re-
quired before unbiased population estimates could be made. Causes of Type.C
error include abnormal behavior of marked fish immediately after reléasé and

incomplete mixing of marked and unmarked fish.

\

Very few mark—recapture studies can meet all of the necessary as-
sumﬁtions,,thué adjustments must be made to the data so that the assumptions
are at least approximately true. Many of these édjustments have been re-
ported in Ehe fisheries literature (see Seber [1973].and Ricker [1975] for
thorough reviews of mark—fecapture methods) and are now well-accepted tech—A
niques. . In this study, adjustments for immediate (14-day) marking mortality
and removal of recaptured fish from estimates of marked fish during the

study were made to aid in satisfying assumptions.

Estimates of absolute abundance were also derived by density-area
and density-volume extrapolation methods using region and stratum standing
crops aeveloped from the Beach Seine, Long River Ichthyoplankton, Fall Shoal
surveys. Méthods'for calculating standing crops from each of these surveys
were presented in an earlier report (TI 1975a). The standing crops from the

separate surveys were combined as follows:
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RSCyj (BSSCij - R/E) +(0.75 - 88Cjj /S) + (BSCij/8) + (CSCyij/8)

where

RSCjj = .regional standing crop in region i during time period j

BSSCij = daytime beach seine standing crop in region i during
. time period j ‘

R = night/day catch ratio in beach seines
E = catch efficiency of beach seines
SSCj = ghoal standing crop .in region i during time period j
BSCj; = bottom standing crop in region i during time period j
csCyy = channel standing crop in region i during time
.period j
S = catch efficienty of epibenthic sleds and Tucker trawls

‘The total standing crop (TSCj) was then the sum of the regional

standing crops:

TSCj; =  2_RSCij
: i

‘Data from several surveys were combined because the entire population of a
fish species can rarely be adequaté1§'samp1ed'by a single type of fishing
gear. Thus the gear that would provide the best quantitative estimates of

abundance in each depth strata was selected,

The night/day catch ratio, R,‘was necessary because the Beach
Seine Survey was conducted during déylight hours while the Ichthyoplankton
and Fall Shoal surveys were done at night. Thus to avoid excluding fish
which might stay in deeper water during the day and move into the shorezone
at night, an adjustment factor (R) was derived from ratios of night-to—day'
beach seine catches in years when both night and day samples were taken

(1973 and 1974) (McFadden 1977).

The catch efficiency adjustments, E and S, were included in the .

calculation of absolute abundances because it was not realistic to assume
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that the sampling gear were 100% efficient. The catch efficiency value for
’ the 100 ft beach seine (0.39) was empirically derived (TI 1978b). Catch
efficiency values for the epibenthic sled and Tucker trawl were assummed to

be 0.50 based on data from the literature for other towed gear (Kjelson and

‘Colby 1977).

Depths less than 20 ft (6.5 m) are sampled by both ichthyoplankfon
geaf and beach seineé. To avoid a duplicationvof standing crop estimates
from the two data sources, the shoals standing crop was adjusted by a factor
of 0.75 to remove the portion of the 0 to 20-ft (0-6.5 m) depth stratum that

. 1is sampied By beach seinés, i.e. depths less than‘lo ft (3.0 m). Therefore,
the shoals standing crop estimates after this ad justment pertained only to
10 to 20-ft (3.0 to 6.5-m) depths. The slope of the bottom was assumed to
be constant so that, in a cross-section of the river, the volume for the 0
to 10 ft (0 to 3.0 m) stratum would be 1/4 of the volume of the 0 to 20-ft
(0 to 6.5 m) stratum (Figure IV-10).

S " Shore

Figure IV-10. Generalized Cross Sectional View of Shoal Zone with 1/4
of the Total Volume in the 0 to 10-ft (0-35 m) Stratum

b) Results and Discussion
(1) Mark-Recapture

: . , Type A errors resulting from immediate mortvality of marked fish

were assessed by holding samples of marked and unmarked fish for 14 days.
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These tests provided an estimate of immediate handling related mortality
which was used to adjust the number of fish released to estimate the number
of fish available for recapture (Appendix Table B-41). Adjustment factors
used were 0.95 for Sepfember and 0.77 for October and November. A second

source of Type A error, incomplete reporting of recaptured fish, was

minimized by using only recaptures from sources (envirommental contractors)
that were specifically charged with reporting them. All suspected fin-
clipped fish were preserved and taken to the laboratory for verification so
that a standard set of criteria could be used to distinguish fish actually
marked from those missing fins due to abnormal development or disease.

Also, quality control procedures on recognition of marked fish from im-
pingement collections, which contributed to a large portion of the recapture

sample, were applied in the laboratory processing facilities at TI.

Type B errors were more difficult to detect»aﬁd adjust. Type B
errors caused by.higher mortality of marked fish couid have occdrred but no
adjustment was attempted. The fact that'clipping fins can reduce the sur-
vival of marked fish has been documented by Coble (1971) ;nd Mears and Hatch
(1976), but Shetter (1952) found no significant differences in the growth or
survival of marked and unmarked fish. Errors due to continuous mark loss
(in this case, fin regeneratiqn) were reduced by marking the fish near the
end of the growing season when regené}ation is slow, and by completing the
recapture effort before extensive regeneration would be likely. In general,
Type B errors can be minimized by conduéting intensive mark-recapture pro-
grams over abshort time period so that expected and observed values will not -

differ greatly.

Type C errors are the most difficult type tovovefcome in an ex-
tremely largé system suéh as the Hudson River estuary. In a relatively
long-term mark-recapture program, the Type C errors caused by aberrant behav-
ior of fish immediately after marking can probably be.ignored. A more seri-
ous problem is the error caused by nonrandom distribution of fishing effort
or marked fish. To overcome this problem, sampling effort was roughly pro;
portional to the distribution of the population and the recapture period was.‘

delayed (for Petersen Estimates) to allow time for marked fish to disperse.

~
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.  Other studies have enco'u‘ntered similar problems, even in systems smaller
than the Hudson River (Schumacher and Eschmeyer 1943, Ricker 1975, Van Denmn
Avyle 1976, Swingle and Smitherman 1965, and Cooper 1952), but beybnd

identifying the error, nothing could be done.

The effects of nonrandom distribution of marked fish or of recap-
ture effort usually act to inflate the observed fractioﬁ.of marked fish in
the recapture sample (R/C) so that (M/N), the actual fraction of the marked
population is less than (R/C) and population estimates derived from these
samples.will be too low (Figure IV-11). 1In situations where mixing is slow,

it is poésible to delay the recapture effort until observed values align

~more closely with expected values; however, the delay_Will increase the
effect of Type B error. Mixing can be evaluétedAthrough analysis of move-
ments of marked fish, or comparison of (R/C) Valﬁes from different sampling
ﬁethods or locations. When the Type C error is substantial, multiple—census
type estimatés will always be affected since marking and recapture effort

occur concurrently.

‘ - Ideal
S Waiting : Recapture
Marking Period ~Period L Period
. . AL
——— A~ —r—
% | R //\/% o
b1 1,77 ype C Error
w
0 .
: Y
b4 0 p e
2 v
Time
. Figure IV-11. Relationship of Observed (R/C) and Expected (M/N) Values
: When Complete Mixing of Marked and Unmarked Fish is Delayed
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Juvenile striped bass exhibited R/C values that suggested Type C ’

error could be severe in multiple-census estimates (Figure IV-12). The ob-
served values climbed rapidly during marking, then declined rapidly to zero
~over 2 months. Ideally, the observed values (R/C) should decline as the

fish become mixed and stabilize at the expected value (M/N). ‘The fact that
the values continue to decline indicated that even a Petersen-type estimate

would "‘not be appropriate during the time period shown.

Several lines of supplementary evidence support the view that
marked striped-bass do not mix rapidly with the unmarked. First, the lack
of interregional movement of marked fish, both during>the fall and subse-
quent spring (Subsection V.B.l, TI 1978a), indicates that marked-fish do not
geperally travel long disténces during the period when they'can be recap-
tured. Second, since striped-bass are caught primarily in beach seines, any
tendency of the fish to réturn to the place of initial'capture could greatly
inflate R/C values for field sampling. This tendency to.return to the place
of initial capture is weli documented for centrarchids (Larimore 1952, Gun-

ning 1959 and 1963, Parker and Hasler 1959, Hasler and Wisby 1958, Harden-

Jones 1968, Gerking 1953) and some evidence exists for homing in other
Morone species (Hasler et al 1958, Horrall 1961). The fact that striped
bass can also return to tﬁe place of original capture is apparent from the
lack of movements (less than 1 mile)ﬁbf sub-adult striped bass marke& with
individually numbered tags (TI 1978a and Subsection V.B.l); Five juvenile
striped bass have been recaptured at the site of original capture in the.
Hudson River after being transported approximately 5-mi (8-km) upfiver, from
Hastings to the Tappan Zee Bridge (Byron Young, NYSDEC, personal communica-
tion). Finally, the difference in R/C ratios for field sampling (primarily
beach seines) andrimpingementVCOllections indicates that mixing may'not‘be
complete even after several months (TI 1978a). Therefore, to eliminate
‘Type C error, a truly random recapture sample would be necessary; mixing

alone did not appear to be sufficient to eliminate the error.

In past years, juvenile striped bass have been estimated with the
Petersen method from a recapturevsample'taken from March throughbJune of the

year after marking (TI 1978a). This method produced late-October estimates

of approximately 1.5 and 2.4 million. for the 1974 and 1975 year classes, but
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——— Includes Releases from Sep, Oct, Nov
(22.3) - @——o Total Catch, C :

\JS\\ —  Sep Releases. Only
1 18

——— Oct Releases Only
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Figure IV-12.-

Y o : Ar,..b\.- ~T

Sep - Oct “Nov ~ Dec

Observed Fraction of Marked Juvenile Striped Bass in Catch
(R/C) and Sampling for September-December 1976. Sampling
Included TI Field and Impingement Collections (Data are
Presented in Appendix Table B-7).
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could not be used for the 1976 yea; class since no marked fish were recap-..
tured after December 1976. The lack of recaptures was unexpected since
sampling in the fall of 1976 produced a higher recapture rate than in pre-
vious years (Table IV-8). Differences in timing or intensity of emigration
may have resulted in a smaller than normal fraction of the fish marked in ...
the fall being available for recapture in the following year. Therefore,
estimates of the size of the juvenile‘striped bass population in the late
summer and fall of 1976 were based on density extrapolations.

Table IV-8

Recaptures Rates for Finclipped Striped Bass Released August-November,
1974-1976, in Hudson River Estuary (Mark-Recapture Data for 1976
are Presented in Appendix Table B-8)

Number ’ .
~ Recaptured Fall - Number Recaptures Spring
Number through Recapture Available January- Recapture

‘Date Released December Rate January 1 June Rate ,
Sept 1976 4226 . 617 0.1460 3609 0 0.0000
Aug-Sept 1975 8520 588 0.0690 7932 2 0.0003
: .
Aug-Sept 1974 4731 101 - 0.0213 4630 1 0.0002
Oct 1976 2256 115 0.0510 2141~ 0 . 0.0000
Oct 1975 3551 171 0.0482 3380 13 ’ 0.0038
Oct-Mov 1974 3427 146 -0.0426- 3281 ) 10 - 0.0030
Nov 1976 1635 5 0.0030 1630 0 o 0.0000

Nov 1975 2398 21 0.0088 ‘2377 11 0.0046

(2) Density Extrapolation

Although the fall decline was more abrupt in 1976, the combined
standing crops of juvenile striped bass in 1976 Figure IV-13a) were similar
to those of 1974 and 1975. The peak standing crop of 9.4 miilion occurred
in the week of Auguét 15 to 21. Subsequently the sténding crop declined
sharply until early November when it stabilized near 0.5 miliion fish.
Throughout July, August, and September, the greatest portion of the staﬁding
crop appeared to be in the shoals and bottom strata (Appendix Table B-9).
After October the shore zone contributed the greatest part. The standing
crop in the channel stratum was a substantial part of the total only during

the week of July 4 to 10.
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2 ici ; - -=== 1974
12.0 Efficiency of all Gear = 1.0 1975

—-— 1976

b,

20,0 A Beach Seine Efficiency = 0.39
[ Epibenthic Sled and Tucker Trawl

16.0 1 " \ Efficiency =0.50
i

Standing Crop {millions)

12.0 }

Weeks After Sampling Week Containing July 1

Figure IV-13. Combined Standing Crop of Juvenile Striped Bass in Hudson
" River Estuary, 1974-1976, Based Upon Beach Seine, Epibenthic
Sled, and Tucker Trawl Sampling with (b.) and without (a.)
Efficiency Adjustments. (Standing Crops before adjustments for
gear efficiency are presented in Appendix Table B-9).

These standing crops must be viewed with caution as they represent
only observed fish densities in the regions and strata that were sémpled. No
adjustments were made specifically for net avoidance or for portioms of the
river that were not sampled (i.e.; after 14 August only beach seine sampling
was conducted abbve RM 76 [KM 122] and the channel stratum was not sampled

at all; after December 11 only beach seine sampling was conducted).

A study conducted during fall 1977 showed that daytime shore zone
density estimates from 100-ft beach seine sampling averaged only 39% of the
actual density (TI 1978b). While the daytime shore zone densities were con-
éiderably underestimated, it was not known whetheér increased night catches
were due to increased sampling efficienty (i.e. - less net avoidance) or
increased density caused by movement from deep to shallow water. If higﬁer
catches at night were due solely to less net avoidance, no further adjust-
ment beyond the night-day catch ratio, R, are necessary. If higher nigﬁt
catches are due to distributional phenomena, then an efficiency correction

would be appropriate. Since empirical evidence on night seining efficiency
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is currently unavailable, the daytime efficiency (39%) was applied to the
shore zone sténding crops previously calculated as an estimate of bias due ‘

to net avoidance.

Net avoidance also occurs with other sampling gear.although empir=
iéal estimates of its magnitude were not available. The differences in
length-frequency distributions of fish collected in beach seines and in the
Ichthyoplankton Survey suggested that larger individuals were évoiding the
epibenthic sleds and Tucker trawls (Appendix Figure B-i). When the switch
from the LongitudinalvRiver Survey to the Fall.Shoal Survey occurred, a |
larger mesh net was used (3000-p) and tow speeds were increased. Differ-—
ences 1in length—freqﬁency distributions disappeared and estimaﬁes of stand-

ing crop rose sharply (Figure IV-12).

However, the agreement in the length-frequency distributions and the
rise in standing crops do not mean that net avoidance is no longer present

only that it is not so distinctly size-related. Kjelson and Colby (1977)

have reported catch efficiencies for towed nets ranging from 10% to 90%. .
The relativeiy small size of the epibenthic sleds and Tucker_trawls, when

compared to other towed gear, suggests that efficiency would probébly not be

in the higher end of that range. Thus an efficiency of 507 was assumed as

an estimate of bias due to net avoidance.

‘ Standing crops adjusted for catch efficiency (Figure IV-13b) exhibited
patterns of abundance and decline similar to unadjusted standing ecrops N
(Figure IV-13a), although the adjusted standing crops were'distinctly higher
that the unadjusted estimate. The highest standing crop occurred in mid-August
of 1976 (approximately 20 million). Peak standing crops for 1974 (13 million)
and 1975 (16 million), adjusted for catch efficiency, occurred slightly later
than in 1976. Empirically derived estimates of catch efficiency are desir-
able‘for all gear; however, these adjusted standing crops shouid be closer
to the true standiﬂg crops than unadjusted estimates. Standing crop Values
near the péfiod of peak abundance should bevthe best_estimates of absolute

population size since size related avoidance is no longer obvious and bias ‘

- due to emigration is less severe than in later sampling periods.
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bThe decline iﬁ standing crop through the fall was due to a combina-
tion of emigration and mortality and possibly to a movement to habitats that
_wefe sampled less éffectivély. Data were insufficient to determine how much
each of these factors contributed to the observed decline. Emigration
appeared to be the most likely factor although direct evidence was sparse.
Recaptured fish did not show a high frequency of seaward movement although
downriver movements were generally more frequent than upriver'moveﬁents.
Young-of-the~year striped béss, presumably from the Hudson River, have been
found in the Long Island Sound in early August (Byron Young, NYSDEC, per-
sonal communicapion), thus emigration appeared to begin in late summer. The
fraction of marked fish in the recapture samples and the total catch (Figure
IV-12) declined very sharply after September Whichvindicated either a rapid

movement out, of effectively sampled strata or emigration from the river.

'3) Population Estimates Age Three and Older

The size of the age three and older (called older) striped bass
population was an important element in determining stock‘recruitméht
relationships, survival rates, and egg deposition estimates. These older
(subadult and adult) striped bass were available to sampling gear primarily
during the spring and early summer spawning run when they were taken in gill
nets and haul seines. The_spawning run caused a concentration of most adult
striped bass within the estuary and separation of Hudson River 'stock from
striped bass spawned in other river syétems. On this basis, an estimate of

population size was made during the spring and early summer spawning run.

a) Methods

Mark—recapturé methods were chosen as the best means of estimating
_the older striped bass population size. Striped bass greater than 350 mm
 total length, marked with internal anchor tags from March 15 through June 5,
1976, were used for the population estimates. The sampling effort extended
from RM 24 to 61 (KM 38 to 98) and was conducted with 4-in. to 8-in. (stretch
mesh) gill nets and haul seines. Since the fishing gear used in the strati—~.
fied random sampling programs (i.e. 100-ft beach seines, epibenthic sleds,
Tucker trawls) caught very few adult striped bass, the densify extrapolation
techniques used for juveniles were not considered appropriate for estimating

the older striped bass population size.
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The Schumacher-Eschmeyer Multiple Census Technique was used to
calculate the population estimate. This estimate required many of the same
assumptions and was subject to the same types of errofs as the Pétersen esfl:h
mates used for juveniles (Subsection IV.B.3.1b). The assumptions for the
© two mark recapture techniques are basically the same (i.e. - marks must be
readily identifiable, there must be random mixing of marked and unmafked,
and no emigration). We chose the Schumacher-Eschmeyer technique because
there were not enougﬁ recaptures after the marking period was complete
(the Peterson estimate requires this). The Schumacher-Eschmeyer method
has simuitaneous mark and recaptdre time periods. The Schumacher-Eschmeyer
Estimafe was calculated as follows:

’ M.

1/8 = iR—l—;—
M

where Z(Cl 1 )

N = the estimated population
Ci = the total catch during time interval i

Mj = the total number of marked fish available
for recapture during time interval i

'Ry = the number of recaptured fish in Cj

A 90% confidence interval for N was ‘found fromf'

' T é 2 12 .
z:RiMi _-i_- tl_s:Z (0.05)?‘[8 ZJ(CJ._M_i >]

where . TR T

tk-2(0.05) = t value for k sampling intervals at the
a = 0.10 level; specifically t7-2(0.05)

= 2.015
2 2
Ry~ ZRMp)
o Z C - 2
2 i ZC.M

b

) k=2
The Schumacher-Eschmeyer Estimate is a weighted linear regression
of Rj/C; as a function of M; with the restriction that the regression line

“must pass through the origin. The model is Ri/Cj = BMj + e;j where 8 is the
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" slope of the regression line, is equal to 1/N and e; is a random error term
‘ with a mean of 0 (Seber 1973). When the values of Ri/C; are weighted by the
catch (Cj), the estimate for 1/N equals the slope B.

b)” Results and Discussioﬂ
(1) Anélysis of Error

Type A error (Subsection IV.B.3.1.) was assumed to be negligible
even though no tagging survival tests or quality control procedures for tag
recognition were conducted. Only fish in good condition were marked and
released and the tags were checkéd for correct implantation to minimize
immediate tag loss. Since all fish were either tagged and released or taken
to the laboratory‘for additional analysis, it is unlikely that any recép—

tured fish went unrecognized.

Type B error (Subsection VI.B.3.la), if present, probably was the
result of emiéfation of,fish:marked early in the season from the study area.
‘ . Type B error was probably small' early in the season but by the end of sam-.
pling,icoﬁld have become sizeable, as indicated by ﬁhe number of fish re-
captured outside the Hudson River (Appendlx Table C-23). Other sources of
Type B error, including contlnuous, long-term tag loss or mortality of

marked fish, were considered negligible.

As with juvenile striped bass, Type C error appeared to be the
most severe.due to delayed mixing of marked and unmarked fish. In an attempt
to identify the Type C error and find a subset of the recaptuféd fish which’
might be randomly distributed (R, Marten 1970 in Seber 1973:151),
relationéhip of the fraction of marked fish in the catch (R'/C') to the total
number of marked fish available (Mj) was examined for fish at large for

dlfferent lengths of time.

When marked fish are randomly distributed, R;i/Cj increases in
direct proportion to M;. An inverse relationship between R;/C; and M; would
indicate either a Type B or Type C error. If the inverse relationship is

. apparent for all values of M;, Type C error is suggested. Since Type B
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error generally increases with time, it»yas not expected to be severe for the
earliest samples which had the smallest ;alues of Mj. Type B error could,4
however, be at least partially responsible for error in later samples. If
the inverse relationship occurs only for intermediate and high values of Mj,
then Type B error is more likely to be the cause. An inverse relationship
was evident when all recaptured fish or fish at large for at least one day"ﬂ~'
were used to calculate R{/C; (Figure IV-14). If fish at large for at least 2
or 3 days were used, the Typé C error was greatly reduced, althbugh not
entirely eliminated. -

0.060 -
Minimum Days At Large: 0 Minimum Days At Large: 1

0.040 |

Minimum Days At lLarge: 2 Minimum Days At Large: 3

100 500 1000 1500 2000 2500 100 500 1000 1500‘ 2000 2500
’ M. M,

1 1

Figure IV-14. Fraction of Marked Fish in‘Sample Ri/Ci vs Mi_when
Recaptured Fish®at Large Less than Minimum Number
of Days Are Excluded '

(2) Population Estimate

The'steps to reduce Type C error also reduced the number of recap-
tured fish available for a population estimate to 16 (Table IV-9). The esti-
mate N based on fish at large for 2 days or more was 513,000 with a 90% con—
fidence interval of 282,000 to 2,819,000. A graphical representation of the
data showed that the fit to the calculated regression line of Rj/Cj on Mj
was relatively poor (Figure IV-15). Thus, the estimate of (1/N) was impre-
‘cise and confidence intervals were wide. The large deviationsbof the data
points above the iine for the first two sampling periods (tﬁose with the
smallest values of M;) suggested that Type C error could still be subStap—
tial. These points should be much closer to the regression line if marked

fish were randomly distributed during the sampling period.
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Table IV-9

Schumacher-Eschmeyer Population Estimate of Adult Striped Bass in
Hudson River during Spring 1976 '

B | 5 . ] ) .
Period Mi* Ci Ri RiMi ciMi Rici
1 235 725 2. 470 40,038,125' 0.00276
2 ' 758 1325 .5 3790 761,297,300 0.00377
3 1392 1414 2 2784 _ 2,739,856,896 0.00141
4 1831 ' 634 1 1831 2,125,523,674 0.00158
5 1986 582 5 9930 2,295,522,072 0.00859
6 2102 375 1 2102 "1,656,901,000 0.00267
7 2170 233 0 1,097,173,700" -—
Total ; 16 ©10,716,313,270
L(R:M
(R;M;) 4 1.951 x 1076

B=’_'T"—2“09'QZ_LMLT6

z(C;M. ) 1.071631327 x 10
i = 8”1 = 513,000
90% Confidence Interval

282,000 - 2,819,000

*Total marked fish at large at middle of period
tFish at large for 2 days or more

0.009
0.008
0.007
0.006
0.005 |
0.008 |

: .
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Figure IV-15. Weighted Linear Regression through Origin of R}_/Ci M.
R; Includes Only Fish at Large for 2 Days or More (Weights
for Each Point, Cj, Are Shown in Parentheses)
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The population estimate of 513,000 represented fish greater than -
350 mm total 1ength‘(approximate1y age III and older) in the lower Hudson =
River estuary during the spawning season. Even though some age III fish are
not mature, especially females, the inclusion of these fish did not seri-
ously bias N as an estimate of the spawning stock. Much more serious biases
were the Type C error still inherent -in the data and the increasing Type B
error in the later time periods. While the Type C error was greatly reduced
by restricting R to fish at large 2 days or more, an inverse relationship
of R{/Ci and M; was still suggested when data were examined graphically.
The choice of a 2;day minimum was a compromise between eliminatingﬁTyPe C
“error and having sufficient recaptures to make an estimate. The magnitude
of the Type B error could not be evaluated from the R{/Ci graphs since de-
creasing Type C error and increasing Type B error woﬁld produce similar-
trends. Thus, 513,000 is likely to be an underestimate of age III and older
fish since the values of R;/C; associated with small values of M; (Type C
error present) are weighted more heavily than values associated with large
M; (Type B error present)i Type C errors would cause an underestimate of
population size and Type B errors an overestimate as observed for this pop-

ulation.

b. Mortality
1) Early Life Stages

Striped bass is a fish of high reproductive potential (McFadden
1977:10.34) and éxhibit$ a correspondingly high mortality rate, particulérly
during the early life stages. Within this period minor changes in mortal-
ity, both density independent and density dependent, can result in wide

variations in year-class strength.

This section presents estimates of mortality rates for larvae and
juveniles from the 1976 year class of striped bass. Striped bass spawned
over a longer time period in 1976 than in 1975 (Section V, Figure V-2).
Mortality rate estimates for 1976 are less precise than those for 1975.
Sevefal life stages with different mortality rates were present in the

estuary at the same time due to an extended spawning in 1976.
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a) Methods

Estimates of standing crops of larval and/or juvenile striped bass
were available for each week from the start of spawning season (early May)
through mid-December 1976. Standing crops-ofllarvae were estimated from
ichthyoplankton data'(Subsection I1I-B) and represenf populations in the
shoals, channel, and bottom strata throughout the entire'estuary. Juvenile
standing crops were estimated from data collected by several types of sam-
pling gear (Subsection IV-B.3a.). These values represent the estuary-wide
population in the shore zone and the population in thé shoal and bottom

strata in the Yonketrs through Poughkeepsie regions.

Mortality rates were estimated from the time of peak yolk-sac
larval abundance (June 13 to 19) through October 2. After early October,
increased emigration of striped bass from the sampling area would result in
an overestimation of juvenile mortality. The period June 13 to October 2
waé then divided into phases of appérent constant mortality. Daily instan-
‘taneous mortality rates were estimated for each phase from the.following

linear regression:
In(Np) = A + Z2(X;)
where
Z = estimated daily instanfaneous mortality rate
X¢ = number of days from 1 May to the midpoint of sample

week t

N
Ny = estimated standing crop of striped bass
' larvae and juveniles for week t

A = constant = In(Ng)
" Estimates of daily instantaneous mortality rate (Z) were then converted to
daily mortality rates as follows:

daily mortality rate = l-e~Z

To investigate the relative survival of various sizes of striped
bass larvae, weekly length frequency histograms were prepared from ichthyo-

plankton length data for 1976 provided by LMS. These data were collected
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during transect sampling near the Bowline, Lovett, Roseton, and Danskammer

generating stations.

b) Results and Discusssion

Estimates of standing crops were based on a combination of esti-"""
‘mates for three distinct life stages; yolk-sac larvae, post yolk-sac larvae
and juveniles. Yolk-sac larvae were present from June 13 thrpugh July 3,
post yolk-sac larvae from June 13'throﬁgh July 17; and juveniles were pres-
‘ent from June 27 through the end of the year (Table IV-10). ‘Graphical pres-
entation of these standing crops suggests that the period June 13 through
October 2 can be divided into two phases of constant mortality rate: June
13 through July 13, the time of yolk=sac and post yolk-sac larval abundance,
and July 14 through October 2, the period of juvenile abundance (Figure
IV-16). The extended spawning period observed in 1976 precluded division
into finer time intervals as was possibie with 1975 data (McFadden 1977);
(Table IV-11). |

Table IV-10

Striped Bass Standing Crop Estimates® in Hudson River Estuary during _ .
1976 Used to Calculate Larval and Juvenile Mortality Rates

Post Yolk-Sac

Time Interval Yolk-sac Larvae Larvae Juveniles - Time

6/13 - 6/19 ~ 152,272,000 .. 242,065,000 394,337,000
6/20 - 6/26 15,034,000 ' 184,805,000 ‘ 199,839,000
6/27 - 7/3 260,000 47,211,000 375,000 47,846,000
7/4 - 7/10° : 8,320,000 1,900,000 10,220,000
7/11 - 7/17 - 1,863,000 4,176,000 +6,039,000
7/18 - 7/24 A 4,868,000 4,868,000
7/25 - 7/31 : 4,923,000 4,923,000
8/1 - 8/7 3,722,000 3,722,000
8/8 - -8/14 3,222,000 3,222,000
8/15 - 8/21 , ' 9,400,000 9,400,000
8/22 - 8/28 S 7,405,000 7,405,000
8/29 - 9/4 S | ‘ 5,919,000 5,919,000
9/5 - 9/11 5,063,000 5,063,000
9/12 - 9/18 | 4,510,000 4,510,000
9/19 - 9/25 , S - 4,915,000 4,915,000
9/26 - 10/2 ] _» _ ' 4,835,000 4,835,000 .

* with catch efficiency of sampling gear assumed to be 100 percent
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Figure IV-16. The Relationship Between Population Size and Time for
1976 Year Class of Striped Bass during Larval and
Juvenile Stages in Hudson River Estuary

Daily mortality rates declined from almost 15% per day in phase I
to 0.3% per day in phase II. These rates are similar to those estimated for

phase II (May 23 through June 24) and phase IV (July 26 through December 31) °
of the 1975 year class (Table IV-11).

_ Temporal patterns in the abundahce of éggs; yolk-sac larvae, and
post yolk-sac larvae indicate that survival within each life stage varied
during the seaéon'(Figure IV-17). There were. two distinct peaks each for
egg and yolk-sac larvae abundance. However there was only one peak for post
yoik—sac lérvae coincident with the second peak of the yolk-sac larvae. The
two distinct peaks of egg abundance and the resultant two peaks in yolk-sac
larvae abundance can be attributed to the temperature variation during the
time of spawning in 1976 (Figure IV-18). The temperature increased from 12°

0., . . . ’ .
to 15°C in early May, initiating a large spawn at this time. The temperature
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Table IV-11 ‘
Daily Mortallty Rate Estimates for Striped Bass Larvae and Juveniles .
in Hudson River Estuary during 1975 and 1976 S mas

1976 : 1975
Phase Time Interval ‘ Daily Mortality Rate Phase Time Interval Daily Mort}a"ﬁty Rate
v I . May 31 - Jun 24 1759
) < Jun 13 - Jul 13 14.9% v
' | ’ 11 Jun 25 - Jul 26 5%
I Jul 14 - Dec 31 033 '
v . Jul 27 - Dec 31 0.5%
1,000,000 "
' —— Eggs
- —--_ Yolk-Sac Larvae )
—..— Post Yolk-Sac Larvae
100,000
.\‘
3 \
< .
< \
- ] .
2 \
+ *
<= 10,000 N
= ’ \
o " .
S \,
g \
2 \
3 -
w
©
<3}
- 1,000
.E
o
(%)
L
\
\
100 - ) )
May - ‘ Jun . Jul
Figure IV-17. Standing Crops of Eggs, Yolk-Sac Larvae, and Post ‘ ' :
Yolk-Sac Larvae of 1976 Year Class of Strlped Bass ’ .

in Hudson River Estuary
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then dropped to 12°C and the egg abundance declined suggesting a cessation

of spawning. In early June the temperature rapidly increased again and

initiated a second, appareﬁtly smaller spawn.

The pattern of succession of

life stages suggests that the first spawn, followed by the subsequent tem-

perature_drop, produced some yolk-sac larvae but contributed little to the

post yolk-sac larval population.
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River Estuary, Poughkeepsie, New York

IV-49

science services division



» Weekly 1ength—fréquency histograms for str%ped bass larvae sug-
gesféd a similar temporal pattern of abundance (Figure IV-19). The first
spawn entered the larval popqlation at 2 to 4 mm during the week of May 9
‘through 15. They grew until they were 6 to 7 mm long by May 23 thfough 29.
~ In the foilowing week, June 1 through 5, individuals from the initial spéwn
were no longer evident and smaller individuals (2 to 5 mm) , presumébly
hatched from eggs deposited during the second spawn, predominated in the
samples. The length-frequency distribution remained unimodal through the -
rest of the year. Such patterns in'length frequency indicated that few
individuals from the first spawn sqrvived to grow larger than 7 mm. This
size corresponds roughly to the transition from the yolk-sac to the post
yolk-sac stage when striped bass larvae develop functional mouth parts and

. intestinal tracts and begin to feed.

- One can hypothesize that the low survival of the first spawn at
the time of transition to the post yolk-sac larval stage in 1976 resulted
from lack of food of the type or size required by the developing larvae.
This lack of food could be related to the temperature decline during the
previous two weeks. Fbllowing the second spawn, temperatﬁres continued to
rise as in previous years, presumably producing a better synchronization

of striped bass larval and food organism abundance.

These observations suggest that a "critical period" may be oper-
ating in the striped bass population. Availability of food during and
immediately following this period of first feeding has been suggested by
several authors (e.g. Hjort 1929, Gulland 1965, May 1974) as a major factor
regulating year—class strength in fish populations. During these periods of
high mortality, minor changes in mortality rateé, either density-dependent
or densityQindependent, will result in major changes in the abundance of.

later life stages.

‘Recent studies (Eldridge et.al. 1977) indicate that striped bass larvae
do not exhibit the classic "point—of-no—return"bresponse to starvation
typical of many pelagic marine species; At first aﬁpearance; these results.
seem to argue against the existence of a critical period in striped bass.

However, limited growth of larvae which did not feed could increase their
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Figure IV-19. Weekly Lehgth—Frequéncy of Striped Bass Larvae Collected by
LMS in River Transect Sampling near Bowline, Lovett, Roseton,
and Danskammer Power Plants, Hudson River Estuary, 1976
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vulnerability to size—relate&vsources.of mortality such as predation
(Cushing and Harris 1973)T' Additionally, during pefiods of limited food
availability, larvae which had succeséfully fed would be larger and there-
fore able to out-compete 1arvae_ﬁhich had not préviously fed. Thus, as
noted by Miller (1977), "In all likelihood, the (striped bass) larvae that
abstains (or is prevented) from feeding on one dccasion is pre@isbosed to

abstinence in the future".

c. Feeding Interactions of Stfiped Bass and White Perch

Feeding interactions of stripéd bass and white pérch were examined
to determine if overlap occurred invtheir diets, which wouldvsuggést poten-
tial competition. Pianka (1973) devised an index to measure the overlap in
diet between two species occupying the same habitat. The index value ranges
from 0 (when there is no ovérlap in diet) to 1.0 (where there is complete
ovérlap and the samples are identical with respect to proportional food cate-
gory composition). The index values are influenced by three nonbiological
facforé: sample size, method of recording the feeding habits, and préCigioﬁ
of identification of the food organisms (Moyle 1977). Ihterpretation of
dietary bverlap indices must take these nonbiological factors into account,
especially when inferring any limiting influence one species may exert upon

the other.

1) Methods

Striped bass and white perch were collected between river miles 39
and 46 (KM 62 and 74) in beach seines during April through November 1974. o
Sampling in 1974 provided the only data on white perch and striped bass .
feeding habits for which the length of each fish examined was available.
Detailed descriptions of the feeding habits for each species are provided in ~
Subsections IV.B.2.a.l for striped bass and IV.C.2.a. for white perch. These
same data are used to determine oveflapvin diets for striped bass (young-of-
the-year, yearling and older) and white perch (young-of-the-year, yearling

and older) less than 270 mm in length.
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To facilitate analysis, all countable food items consumed were

’ grouped into 15 taxonomic categorles (Table 1V-12). Cetegories were estab-—
llshed by selecting classes, orders or phyla which contained the majority of
food items consumed. Food items consumed in very large amounts, such as ggg:
marus, were classified separately-while food items eaten infrequently were
placed in "other" categories. - The mean percent frequency of each categery
was calculated on a monthly basis for four length groups (less than or equalf
to 75 mm, 76-150 mm, 151-200 mm, 201-270 mm) and for all length groups com—
bined [see Subsection IV.B.2.a.l. or IV.C.2.a. for mean percent frequency (Ei)

formulal. This analysis was done separately for striped bass and white perch.

Pianka's index of dietary overlap (1973) was calculated for those
months and 1ength grdups in which at least ten stomachs from each species
(striped bass and white perch) contained at least one countable food item.

The formula used was:

_ TPin Pin
N

where

aij = Dietery everlap index of species i -and -
species j

Pip, = proportion (mean percent frequency) of
' food item h (taxonomic category) in the
diet of species 1i-

Pjh = proportion (mean percent frequency) of
food item h (taxonomic category) in the
diet of species j

'2) Results and Discussion

Gammarus was present in the diets of both striped bass and whlte
perch from April to November, while other amphipods, dipterans, 1sopods, and
copepods were present in the diets of at least one of the species throughout
the sampling season (Figure IV-20 and Appendix Table B-lO). Some food cate-

gories (other insecfs, decapods, Corophium, Neomysis, and Osteichthyes) were

not consumed until June and July. The consumption of different invertebrates
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Table IV-12

Food Ifems Used in Analysis of White Perch and Striped Bass
Dietary Overlap during April-November 1974

Taxonomic Group
Order Diptera

Other Insecta

Suborder Decapoda

Gammarus spp.

Corophium spp.
Other Amphipoda

Suborder Isopoda

Neomysis spp.
Subé]aSS»Copepoda

Other Crustaceans

-Phylum Annelida

Other

Class Osteichthyes

Phylum Mb]]uscé

Fish eggs

Food Items

Chaoborus (larvae)
Chironomid -(larvae)
Chironomid (pupae)
Diptera- (1arvae)
Diptera (pupae)
Diptera (adult)

Odonata (juvenile)
Coleoptera (juvenile)
Trichoptera (juvenile)
Homoptera (unidentified)
Corixidae (unidentified)
Adult insect remains
Thysanoptera

Lepidoptera {pupae)

Crangon .
Palaemonetes pugio

Rhithropanopeus sp.
Decapoda .

Gammarus spp.
Corophium spp.

Monoculodes spp.
Leptocheirus spo.
Amphipoda

Chirodotea spp.
Cyathura spp:
Cassidina spp.
[Jronecaovalis
Isopod (unid)

Neomysis spp.

Harpacticoida
Cyclopoida
Calanoida

Cladocera - (unid)
Balanus sp.

Q0ligochaeta
Polychaeta
Hirudina (unid)

Nemeértea (unid)

Fish remains

Bay anchovy
Banded killifish
Mummichog

Blueback herring
Striped bass
Atlantic tomcod
Clupeid (urid)
Morone (unid) -
Centrarchid (unid)
American eel

Congeria sp.
Gastropoda

White perch

Percidae

Clupeidae

Unidéentified fish eggs .
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by white perch and striped bass during June and July was related to seasonal
changes in the invertebrate resource base at Indian Point (RM 39-46). These
changes in invertebrate species compositions are attributable to salt front
intrusion in the Indian Point region and life history of the species (NYU

1977). Neomysis, Monoculodes, Corophium and Chaoborus were dominant during

periods of high salinity (June-July) and Gammarus, oligochaetes and poly-
chaetes became dominant during periods of lower salinity (NYU 1977). Feeding
patterns of the more frequently eaten food items will be discussed by taxo-

nomic groups.

Gammarus spp.

Gammarus was the food item most frequently consumed by
striped bass from April-November. The mean percent fre-
quency (f;) of Gammarus was 45 or more during April,
September, and October. White perch fed on Gammarus to
a lesser extent from April to November, except during
August, when slightly more were consumed by white perch
than by striped bass. Combined utilization of Gammarus
by both species was lowest during June and July.

Order Diptera

Dipterans were present in the diets of white perch from
April to November and in striped bass diets during April
and June to November. White perch consumed considerably
larger proportions of dipternas than striped bass, which
corresponds with Taub's (1966) finding that dipterans
were the most important insect consumed by all age groups
of white perch in Quabbin Reservoir, Massachusetts. Dip-
terans were most important in the diet of both species
during July. :

Subclass Copepoda

Copepods were consumed by white perch from April to Novem-
ber, and by striped bass in April and June to November.
The absence of copepods from the striped bass diet in
May may be an artifact of the low sample size (n = 5).
Striped bass ate copepods most frequently in April and

' November. White perch consumed copepods in June when
their consumption of Gammarus and other amphipods was
‘low. Fewer copepods were eaten during July and August
when consumption of Gammarus and other amphipods in-~
creased. During November copepods again became the most
common food item for white perch. '
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Other Amphipoda

Other amphipods, such as Monoculodes and Leptocheirus,
were consumed by white perch from April to November and
by striped bass to a lesser extent in April, June, July,
and September to November. Amphipod consumption again
reached a peak during August for white perch, correspond-
ing to August peaks for Gammarus and Corophium consump-
tion. White perch dominated the use of this resource
from July through September.

Suborder Isopoda

Isopods, such as Cyathura and Chirodotea, were consumed
in consistently small proportions by white perch from
April to October. 1Isopods were consumed sporadically in
larger proportions by striped bass during June and July,
and in small proportions during October and November.
Isopods do not appear to be particularly important in
white perch diets. However, the larger proportions of
isopods consumed by striped bass during June and July
indicates their importance to this fish species at a time
when they may be substitutes for other food items which
are less abundant during this same perlod (such as
Gammarus Spp.).

Class Ostelchthyes

Bony fishes (Osteichthyes) were consumed by strlped bass
during June-November. Striped bass ate more fish during
June and August; however, fish were an important part of
the diet throughout the season for yearling striped bass
(see Subsection IV.B.2.a.l). Only three white perch
stomachs contained fish remains during June, July, and
October. In contrast to Taub's (1966) findings, fish
does not appear to be an important food item for white
perch in the Hudson River estuary.

Fish Eggs

Fish eggs were only consumed by white perch during May
to July. Eggs were not identified to species for this
study. However during 1973, fish eggs consumed by white
perch during May were identified as alewife and blueback
herring eggs (TI 1973).

Pianka's (1973) indices of dietary overlap'are presented in Table
1v-13 for striped bass and white perch by month and length group. Dietary

overlap was greater than 0.5 for fish collected during July through October,

indicating similar feeding habits. Dietary overlap was highest for those
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| L | Table Iv-13
Index of Dietary Overlap between White Perch and Striped Bass from

Selected® Months and Length Groups during 1974, Hudson River
Estuary (Data Presented in Appendix Table B-11).

Length Group - Index of
Month (mm) Dietary Overlap
June _ 76-150 0.3792
July A 76-150 ' 0.5523
August 76-150 0.7677
September _ <75 0.5906
September - 76-150 0.9081
October . <75 ' 0.7648
October 76-150 0.9168
- April-November '
* Combined v < 75 : 0.5909
April-November
Combined v 76-150 0.6516
April-November - N
Combined : : 151-200 , » 0.2053

*Only those months and length groups in which at Teast 10
stomachs for each species contained at Teast one countable
food item were used. -

fish 76 to 150 mm (TL) collected in September (0.9081) and October (0.9168).
During that time, Gammérus.was the principal.food item for both striped bass
‘and white perch (Tables IV-1 and IV-25). Chironomid larvae and pupae, other
.amphipods, decapods, copepods, and isopods were also common food items. '
Dietary overlap increased from June through October for fish 76 to 150 mm
(TL). Fish less than 75 mm (TL) also exhibited an increase in dietary ovér-
‘lap between September and October. For all months combined, dietary overlap
increased slightly between fish less than 75 mm and 76-150 mmi(TL). As fish
became larger (greater than 150 mm TL) the diets of the two species diverged.
Striped bass became more piscivorous and white perch continued to eat smaller

food items.
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-Seasonal trends in dietary overlap indicated that during the spri&g
and early summer (April, May, and June) striped bass and white perch both fed
ﬁrimarily on dipterans, Gammarus, other amphipods, and'copepods. Striped;
bass fed primarily on Gammarus, while ébpepodé, other amphipods, and dip;
terans were eaten most often by white perch. During the summer and early
fall (July, August, and September), the diet of both species was dominated by
dipterans, Gammarus, other amphipods, isopods, copepods, and fish. Dipterans
and Gammarus were heavily'preyed upon by both striped bass and white perch.
Fish were consumed almost entirely by striped bass. Other amphipods and
copepods were eaten mofe often by white perch. During the fall.(bctober and
November), Gammarus, copepods, dipterans, other amphipods and fish were
preyed upon by both species. White perch primarily ate dipterans, Gammarus,

~and copepods, while striped bass fed primarily on Gammarus and fish.

In summary, striped bass and white perch diets overlapped in cer-
tain taxonomic ;ategories, however, both species had diversified diets and
seemed to utilize any food items readily available to them. Diétary overlap
does not necessarily imply that competition for food items was océurring.v
Lacking knowledge of the relative abundance and spatiotemporal distribution
of ﬁhese food items, it is difficult to estimate what influence diet has on
the survival and abundance of each species. To date, the data indicétes thaﬁ
both striped bass and white perch had a sufficient food sﬁpply for survival
despite overlap in diét; and their nonselective feeding habits allowed them

to adapt to periods of low abundance of any particular food item.

d. Factors Affecting Growth of Early Life Stages

An analysis of factors affecting growth is important to an under-.
standing of the response of the young-of-the-year striped bass population to
changes in envirbnmental conditions. For many fish species, size and mortal-
ity rates are closely related; therefore, many of the factors affecting
growth will also have an effect on survival (Gerking 1957). Factors poten-—
tially affecting the first year growth of striped bass in the Hudson River
éstuary are examined in this section. Factors of primary interest are.water
:temperature, freshwater flow into the estuary, and abundance of juveniles

during midsummer.
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1) Methods

Estimates of growth of juvenile striped bass for the July and

- August period were derived from beach seine data collected by NYU, Raytheon,
and TI over the years 1965-1970, 1972-1976 (see Subsection IV-B.3a for a de-
scription of this data base). Weekly estimates of mean length for juveniles
were calculated for each year. From these data,‘instantaneous growth rates
v(Ricker 1975) were estimated for each year using the following linear re-

gression:

In (L) = 1n (Ly) + Bxe)

| where

L¢ = mean length at fime t

 xt = number of days since July 1 for time t
. = estimated instantaneous growth rate '

L, = estimated mean length on July 1

The advantage of using linear regression over other techniques to
estimate instantaneous growth is that all data collected during the July and
August time period can be incorporated into the estimation procedures. Other
techniques would require the seléction of specific time intervals, uniform
‘across years, for growth estimation, and the specific estimates could vary

depending upon the time intervals chosen.

Estimates of instantaneous growth rate during July and August of
each year were compared using partial correlation analyses to juvenile
striped bass abundance during July and August (Subsectibn IV-B.3a), mean
watef temperature during July and August, and the average freshwater flow
into th estuary during July and August as measured at the Green Island Dam.
Partial correlation analysis ermits investigation of linear relationships
between selected variables while holding the effects of other variables

constant (Sﬁedecor and Cochran 1967).

_ In order to investigate the effects of environmental factors on
1arva1'and juvenile growth before the July through August time period, mean
length of juveniles on August 1 was predicted from estimates of L, and ~ for

the July through August time period as follows: -
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Ly = exp [1n (Lo + B (A)]

where ' '
Ly = predicted length on August 1
A = number of days from July 1 to

August 1 (= 31 days)

The choice of August 1 for a time of predicted length is based on
two considerations. First, this date is the midpoint of the time period over,
which the regression coefficients were estimated; thus, at this time, the
predictive value of the regression should be best. Second, differences among
years in the length of fish in August appeared to remain constant through the
end of the‘year (Subsection IV-B.2b). Therefore, factors related to August
length will also be related to length at the end of the juveniie stege. These
estimates of size on 1 August are related to the environmental data from the
spawning period (early May) through July. U31ng partial correlation analyses,

. the relatlonshlps of mean May through July water temperature and average May
through July freshwater flow at Green Island Dam to predlcted length on 1

August were examined.

'2) Results and Discussion

Weekly estimates of mean length for the years 1965 through 1976
(excluding 1971) show July through August to be a period of rapid growth for
juvenile striped bass (Appendlx Table B-12). This period corresponds to the
rapid growth phase demonstrated for larvae and juveniles in 1973 through 1976 .
(Subsection IV-B.2b). Instantaneous growth rates. derived from these weekly
estimates of mean length.varied from 0.0085 in 1970 to 0.0253 in 1967 (Tablei
IV-14), a three-fold difference. Correlation coefficients of the natural log
of mean length with time were greater than 0.90 for all years except 1968,
supporting the applicability of linear regresSionAto estimate instantaneous

growth.

Estimates of instantaneous growth during July and August showed
little relationship with mean temperature, mean freshwater flow, or juvenile
abundance during that time period (Figure IV-21). The strongest partial cor-
relation was between growth and abundance (r = -0.23); however, this relation-

‘ship was not significant (a = 0.05; Table IV-15). A strong negative relation-

ship between both incremental and relative growth and juvenile abundance for
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Table IV-14

Results of Linear Regression of the Natural Log of Mean Length with Time
for Juvenile Striped Bass during July-August 1965-1976 in Hudson River Estuary

Instantaneous Growth , ‘ Sample Size

Year (STope) Intercept Corre]ation.Coefficient n
1965 0.0161 3.478 - 0.994 + 4
1966 0.0179 . 3.386 0.940 8
1967 0.0253 2.948 0.948 6
1968 0.0093 | 3.674 ~0.579 4
1969 0.0096 '~ 3.634 0.901 8
1970 0.0085 3.661 0.964 6
11972 0.0152 ©3.376 0.908 8
1973 ; 0.0192 3.286 0.965 4
1974 0.0174 3.554  0.989 9
.1975 0.0153 3.354 0.973 9
1976 0.0157 L 3.33 . 0.960 4

‘striped bass has been demonstrated (TI 1978c). While the relationship between
instantaneous growth and abundance in this. report was not significant, the
correlation was negative. Although direct évidence for density independent growth
in juvenile striped bass iébiiﬁiﬁed, theféﬁﬁééiéénsiéténtly'been an inverse

relationship between growth and abundande_in all analyses.

Backiel and LeCren (1967) discuss density-dependent growth in fish
populations and conclude that while a negative relationship between growth
and abundance probably exists for many species, demonstration of this rela-
tionship is difficult due to the wide variation in fish growth rates in

i

response to density-independent enviromnmental factors. The limited number
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Relationship between Instantaneous Growth Rate of Striped
Bass Juveniles and Juvenile Abundance, Mean Water Temperature
and Mean Freshwater Flow during July-August, 1965-1976
(Excluding 1971) in Hudson River Estuary (Data in Appendix
Table B-13) : ‘
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Table IV-15

Partial Correlation Analysis of Instantaneous Growth Rate of Striped Bass
Juveniles versus Juvenile Abundance, Mean Water Temperature, and Mean
‘Freshwater Flow durlng July-August, 1965-1976 (Excludlng 1971)

in Hudson River Estuary

- Variable Correlated
with Striped Bass
Juvenile Instantaneous
Growth Rate

Variables Held
- Constant through
Partial Correlation

Partial Correlation
Coefficient

Juvenile Abundahce
Index

Mean Freshwater Flow

Mean Water Tehperature

Mean Freshwater Flow

Mean Water Temperature -0.2349(p=.49)

Juvenile Abundance Index

Mean Water Temperature 0.1213(p=.72)

Juvenile Abundance Index

Mean Freshwater Flow - 0.1402(p=.68)

- *probability value for the correlation

(11) of estimates of striped bass growth available for the Hudson River and

the large number of density—independent factors potentially affeétihg_growth

compound.the‘problem of identifyiﬁg significant relationships between growth

and abundance.

The mean length of juveniie striped bass on 1 August,

as predicted

from the linear regression of length and time varied from 41.8 mm in 1967 to

56.2 mm in 1975 (Table IV-16).

The predicted mean length on 1 August showed

a strong positive relationship with the mean May through July water tempera-

tures and a weak negative relationship with the mean May through July fresh-

water flow (Figure IV-22).

The partial correlation between temperature and

size was highly significant (a = 0.01) while the partial correlation between

- freshwater flow and size (Table IV-17) was not significant (P is greater than

0.05).
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Table IV-16

Predicted Mean Total Length of Juvenile Striped Bass Poﬁulation
on August 1, 1965-1976 (Excluding 1971) in Hudson River Estuary

Predicted Mean TotalLength (mm)

Year’ on 1 August
1965 53.4
1966 ) 51.5
1967 a8
1968 | 52.6
1969 51.0
1970 49.6
w2 ' 47.0
1973 48.5 .
1974 . 49.1-
. 1975 C 56.2
1976 45.6
60.0
r = -0.3078
75
65 6
6 g -
50.0) . Uy 74
. 73.
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Figure IV-22. Relationship between Predicted Total Length of Striped Bass
: Juveniles on 1 August and Mean May-July Water Temperature and
Mean May-July Freshwater Flow for 1965-1976 (Excluding 1971)
in Hudson River Estuary (Data in Appendix Table B-14)
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Table 1IV-17

‘ v Partial Correlation Analysis of the Predicted Total Length of Juvenile
Striped Bass on 1 August versus Mean May-July Water Temperature and

May-July Freshwater Flow during 1965-1976

(Excluding 1971) in Hudson River Estuary

Variable Correlated with
the Predicted Length

Striped Bass Juveniles Variable held Constant Partial Correlation
on 1 August _ through Partial Correlation Coefficient
May-July Water Temperature Mean May-July Freshwater Flow 0.7987(P=.004)*
|
.Mean May—Ju]j Freshwater Mean May-July Water Temperature -0.2987(P=.38)*
Flow ’

*Probability value for the correlation

As previously discussed (Subsection IV-B.2b), temperaturefpatterns
during May 1976 apparently reduced the 1ength of the growing season from
. :effective spawning to 1 August. Temperatures during June have also been
demonstrated to affect growth during the yolk-sac stage (McFadden 1977).

Therefore, the significant correlation between size on August 1 and tempera-

ture dgring May hrough July could-reflect the effects of temperature on both

.survival and growth during May through July.

e. Environmental Factors Influencing Year-Class Abundance

The relationship between jﬁvenile striped bass abundance (dependent
variable) during July and August, 1965 to 1976 (excluding 1971) and various
environmental factors (independent variables) was aﬁelyzed'using latent root
regression (Webster, Gunst; and Mason 1974). Latent root regression can de-
tect linear debendencies aﬁong the independent variables and adjust for those
which'iead to bias in ordinary least squares regression (McFadden 1977).
Regression analysis is usefel in identifying variables that significantly
influence year-class abundance, differentiating their effects from changes in
abundance caused by power plant impact, and quantifying the effect of these

‘ variables. However, the use of any multiple linear regression technique to

develop a predictive model from the present data base is restricted by both
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the complex relationships among the“independent variables and the small
number of obsetvations (11) compared with the number of indepehdent_variables
being tested (6). As Ricker (1975) observed, each of several envirommental
variables may be important in regulatlng a fish population, dependlng on -
the magnitude of that variable in any one year. Over the 11 years of data
several factors may have influenced striped bass year-class strength. Fur-
thermore, it is unlikely that the samerset of factors has been important
every year. Therefore, statistical significance between environmental

factors and juvenile striped bass abundance will, predictably, be difficult

to demonstrate.

Multiple regression analysis is useful, however, as an inductive
model and a reasoning tool. The effect of combinations of variables_on
year-class abundance can be demonstrated with multiple regreséion, but this
is seldom a simple "additi?e" effect of the separate linear correlations.

Multiple regression is also useful in supplying "negative" informatiom, i.e.
| indicating those variables that are least likely to affect year-class abun-

dance by eliminating them from the regression.

1) Selection of Independent Variables

Guidelines recommended by Ricker (1975) were used in selecting
independent variables from the 1argehnumber of available environmental |
factors. These guidelines give preference to factors most 1ike1y to affect
the species directly (as determined from prev1ous studles) and to factors for
which accurate quantitative measurements are available over all 11 years of
juven;le abundance indices. Factors evaluated for inclusion in the regres-
sion analysis included physical factors (freshwater flow and ambient water
temperature), b1010g1ca1 factors (predators and compet1tors) and the poten-
t1a1 amount of water used by power plants for cooling purposes (as an 1ndex

of entrainment and impingement mortality).

. Freshwater flow has been noted as important in determining striped
bass abundance in other systems (Sommani 1972, Turner and Chadwick 1972).
Hudson River flow data were availablé in biweekly segments for all months of

'Abthe year (based on USGS records of mean daily freshwater flow at Green Island
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Dam, Troy, New York), but only the months from November (of the previous
year) through June were considered to have a possible effect on July'through
August juvenile abundance. A relatively large proportion of the November
fh:ough June flow occurs during April, so average flow rate for this month
was evaluated separately from November through June flowAvariable. Seasonél'
flows in the Hudsoh are characteriéticaily low through the summer and early

fall months of July through October, but increase substantially in November.

Temperature may élso influence striped bass reproduction (Talbot
1966, Farley 1967, Bayless 1972). With a July thr0ugh August abundance index
for juveniles, pertinent temperature effects on the survival of eggs, larvae,
and early juveniles are probably limited to April, May, and June,. Correia—
tion revealed no significant relationships between juvenile abundance and bi-
-weekly mean temperatures during that period. However, if maximum spawning
activity always occurs within the same narrow temperature rangeA(Calhoun et
al 1950, Talbot 1966, Farley 1967), then rate of temperature change or the
duration of temperatures within a certain range could be the more important

factors (Bannister et al 1974, Pinus 1974).

The rate of temperature rise‘for two ranges_129 to 16° and 16° to
20°C, corresponding to the peak catch-per-unit-effort of eggs and yplk—séc
- larvae, were entered in a latent root regression analysis previously per-
formed (McFadden 1977). The degree rise per day dﬁring the 16° to 20°C range
was selected by this analysis as significantly (a = .05) influencing juvenile
striped bass abundance, while the rate of increase during the 12° to 16°
range was not correlated with year—-class abundance. Therefore, only the days
'to span from 16° to 20° was entered into this regression (Table IV-18). Tem—
pérature values were taken from the records of the Poughkeepsie Water Works
Depértment, which provides a more consistent temperature data base than the
data from several USGS stations used in prior reports (TI 1975a, McFadden

1977).

The amount of cooling water withdrawal at power plants was entered
as an index of entrainment and impingement mortality. Volumes used were maxi-

mum possible daily water withdrawal for all operating units combined at the

IV-69 science services division



Table IV-18

Variables Entered into Latent Root Regression Analysis of Juvenile
Striped Bass Abundance in Hudson River Estuary

Juvenile Apri1** Average Flow** Power Plant+ - Juvenile
Striped Bass* Flow Nov-June Days to Span Water Withdrawal Predator* - White Perch*

Year Abundance  (ft 3/sec)  (ft 3/sec) 16 - 200 (m3x103/day) _Index Abundance
1965 1.19 - 19,284 g 8,010 T & 3,143 0.52 12.69
1966 8.20 15,627 T 13,31 9 3,712 0.03 18.56

1967 4.20 30,937 12,371 10 3,712 0.18 34.33 -
1968 1.31 18,299 . 15,498 21 4,529 0.18 1.9
1969 30.72 ' 40,730 . 17,943 ' 19 - 5,183 0.38 - ‘ 24.21
1970 15.91 39,347 15,622 22 ' 5,183 1.87 1 22.19
1972 9.23 37,963 22,951 15 5,183 5.22 4.33
1973 28.55 30,957 25,108 . _ 8 12,019 1.96 ’ 20.08
1974 9.51 30,167 - 19,750 26 14,113 7.33 6.81
1975 18.27 25,583 - ' 19,654 9 15,873 3.59 25.96

1976 11.2¢8 36,757 25,349 g © 20,616 4.43 ] 25.28

*Derived from beach seine catch-pér-unit area (river-wide samples) frdm mid-July through August.
**Mean daily freshwater inflow at Green Island Dam, Troy (United States Geological Survey).

+Based on maximum da11/ water withdrawal with all units (Lovett Bowline, Indian Point, Danskammer, and
Roseton) operating at 100% capacity.

Bowline (RM 37; KM 59), Lovett (RM 41; KM 66), Indian Point (RM 42; KM 67),
Danskammer (RM 66; KM 106), and Roseton (RM 65; KM 104), power plants assum-— -
ing the volume of water withdrawn was directly proportional to capacity

(Table 1V-18).

Cannibalism and'predation ¢ould also be involved in the.regulation
of the juvenile striped bass population. In the Sacramento-San Joaquln River
system of Callfornla, cannibalism of juveniles by both yearllngs and adults
was demonstrated (Stevens 1966, Thomas 1967). Another potentially 1mportant

predator in the Hudson is the bluefish (Pomatomus saitatrix), an active pisci-~

vore (Bigelow and Schroeder 1953). Abundance indices for bluefish and year-
ling and older striped bass were based on the same beach seine samples col-
lected during July and August from which theAjuveniie'striped.bass abundance
index was derived, except‘for 1972 when the predator index'was based on river-

wide unadjusted collections. Cannibalism was considered to be a special type
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of predation and bluefish and yearling and older striped bass to be part of a
predator complex. A combined predator index equivalent to the sum of catch-
per-unit-area indices of abundance for bluefish and yearling and older

. striped bass was entered in an earlier regression (McFadden 1977) and found
to be nonsignficant. However, predation may affect juvenile striped bass
abundance only during certain'years, and the influence'méy not be apparent
with limited data. Therefore, the predation index was again entered as a

variable in the regression (Table IV-18).

Juvenile white perch abundance was also included as a variable.
": The two Morone sbecies have overlapping distributions and similar morpho-
metry, especially as early juveniles. This could result in the species
utilizing the same food sources and being subject to .the same predators

(Subsection IV.B.2.a).

An index of strlped bass spawnlng stock abundance had been used as
a varlable in a previous latent root regression ana1y81s (McFadden 1977), but
the index was not selected as a significant influence on juvenile abundance.
-The spawning stock index was based on commercial fishery yield (pounds) per
effort. This fishery was closed in early 1976‘due to the levels of PCB
(polychlorinated biphenyls) in the body tissues of striped bass, and since no
equivalent yield-per-effort statistics were available for 1976, spawning

stock abundance was not entered as a variable in this latent root regression.

2) Results and Discussion

Three factors selected by latent root regression as influencing the
abundance of juvenile striped bass were April freshwater flow (positive),
average freshwater flow from November through June (positive), and the pred-
ator index (negative) (Table IV-19). Since nonpredictive correlations did
not exist among the independent variables, the latent root regression is the
same as the ordinary least squares regression. When thé relationship between
an independent:variable and the dependent variable demonstrated a "t" statis-
tic greater than 1.0 in the régreséion routine, that indepeﬁdent variable was
retained. None of the independent variables selected was significant at a =

.05, but such results were expected with the relatively small data set
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Table IV-19

Results of Latent Root Regression Analysis of Six Selected Environment
Factors (see Table IV-18) on Juvenile Striped Bass Abundance,
Hudson River Estuary, 1965-1976 (Excluding 1971)

Degree of v Sum of

Source : _Freedom, - Square  Mean Square F - P R2
Regression’ 3 ~ 541.8 180.6 . 2.79 >.10 0.544
Error 7. - 453.9 64.8°

Total ' _ ’ 10 995.7

Regressor . . ) Modified t Statistic

April freshwater flow 1130

Mean freshwater flow (Nov-June) . ' 1.78

Predator index ‘ -1.57

Prediction Equation Using Standardized Regfessors:

Y = -16.66 + 0.00044X, + O.OO]ZXZ -42.09X3

1
where:

Y = Predicted juvenile striped bass abundance
X] = April freshwater flow

= Mean freshwater flow, (MNov-Jun)

= Predator index

(Rickér 1975). The -three factors combined explain 54.4% of the variation in
striped bass year class strength. This R2 value (0.544) indicates.that _‘
important envirommental factors are influential but have not yet beén'tested .
or thaf some of the tested factors influence abundance in a nonlinear .

fashion.

The effect of the rate of the 16 to 20°C degree rise was not found
‘to be important in this analysis. Previous reports (McFadden 1977, McFadden‘
and Lawler 1977) indicated that this variable was signifiéantly correlated
with juvenile abuﬁdance. The Poughkeepsie Water Works data were used to )
generate rates of temperature rise for this répbrt instead of previous '
measures of water temperatures at different times and places. Hence; use

of this new data set, more comparable across years, resulted in a smaller
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correlation coefficient with juvenile striped bass abundance (r = -0.083)

than reported iﬁ_previous reports.

_ Although the regression was not significant at a= .1, the.seiécted
variables represent those en#ironmental factors most 1iké1y to affect year—
class strength and may become statistically significant when more years of
data are available for analysis. The predation index had a low correlation
coefficient, but it was retained by the regression. The simple correlation
coefficient for this variable was positive (Appendix Table B-lS); although it
appeérs in the predictive equation as a negative influence. Such a change of
sign and importance is consistent with the mechanisms of this variable. If
" the ﬁegative effect of predation occurs only in certain years (see next sec-
tion), this effect'wbuld be revealed only when the predator index was ana-
lyzed in conjunction with other important variables. A direct comparison of
striped bass and bluefish juvenile abundance over the entire time period can
obscure the true relationship and result in a weak correlation or a correla-

tion with a different sign.

3) Possible Mechanisms of Selected Variables

Spring and summer flow patterns have been shown to influence
striped bass year—claés abundance in other systems. Survival of young
.- striped bass uﬁ to 3.8 cm long was initially related to summer river flow in
:;the Sacramento-San Joaquin estuary of California (Turner and Chadwick 1972).
Sommani (1972) and Stevens (1977) used independent methods to show a éignif—
icant positive relationship between June and July delta outflow and stfipéd
bass juvenile abundance in this same system. A survey by the Maryland Depart-
ment of Natural Resources (Joe Boone, personal communication, and California
Department of Fish and Game et al. 1974) revealed that catch—per—séine—héul
of juvenile striped bass in the Potomac River was significantly correlated

with mean April and May flow (r = +.86 for 1961 to 1971).

April flow. could affect striped bass year class strength through a
number -of mechgnisms. Since spawning occurred in early May in all years of
study (1973-1976), it is doubtful that the effect is directly on survival of

early life stages. More likely, April flow may have ar effect on the adult
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population, either directly or through its effect on temperature, by cueing
gonad maturation. Increased April flow may also. 1nd1rectly affect the sur-

vival of larval_str1ped bass by providing the prey organisms a sufficient

~detrital food base and thereby increasing food availability when larval feeding

begins. Large November through June freshwater flows may function to increase
the detrltal food base or dissolved nutrient levels These could increase
the amount of food available to and therefore the abundance of zooplankton on
which the post yolk-sac larvae and early juveniles feed, thereby increasing

the1r survival rates. .

Bluefish and yearling and older str1ped bass are known to prey on
-Juvenlle strlped bass (Thomas 1967, TI 1976d). The combined predator vari-
able should be a good index of the amount of predation pressure by blueflsh
.and striped bass in an area of Juven1le striped bass abundance. However,
whether this reflects actual predatlon on juvenile striped bass depends upon
the relative abundance of other prey species. In years when juvenile striped
bass are relatively abundant (and other prey species are relatively scarce);
| this predation factor could influence the abundance of juvenile striped bass.
‘In other years, the striped bass may'be buffered from this factor. _Therefore
predation would only_affect striped bass year class strength in certain
years and should only show a relationship with juvenile abundance when
examined in combination with those factors ‘which determine the abundance and

distribution of prey species,

_ Cannibalism is an important source of mortality for'striped bass in
the Sacramento-San Joaquin River system of California, where'concentration'of
juveniles overlap with concentrations of subadults and adults (Stevens 1966,
Thomas 1967). Like most predators, adult striped bass are opportunistic, how-
ever, and feed on the most readily available species (Thomas 1967). In the
Hudson River,. yearling and older striped bass are caught infrequently with
juveniles. This is reflected in the predator index, which is usually domi- -
nated by bluefish (Appendix Table B~16). Both the predator index and the
striped bass juvenile 1ndex were derived from the same beach seine data base

(mid-July through August).

V=74 ‘ sclence services division




. Therefore, our working hypothesis of mechanisms influencing striped
‘ bass year-class abundance includes the following:
® April freshwatér flow regulates the timing and syﬁ—

chronization on gonadal development and the. spawnlng
"migration. :

-® Large freshwater flows from November through June
increase the available food base through input of
detritus and dissolved nutrients.

e During those years of high juvenile striped bass abun-
dance (relative to other potential prey species) and
high predator abundance, predation is an important
mortality factor and will reduce year class strength
of striped bass.

4. Compensation in Striped Bass Population

Compensation refers to the dependency.bf birth and/or death rates
on_populationidensity such that as a population varies in numbers, birth
rates vary inversely and/or death rates directly (McFadden 1977). Without
-density—depeﬁdent birth and death rates, the rate of increase is random with

’ respect to density, and population numbers go either to zero or to unreason-
ably high values through random walk (Slobodkin 1973). Random walk is a
series of numbers nj such that the magnitude of the changes (nl--n1 1) 1s

random..

Density-dependent regulation of population numbers has been the
source of considerable controversy in the past, but now it is almost uni-
versally accepted by ecologists. Slobodkin (1973) summarized a symposium on
stock and recruitment saylng the general acceptance of density-dependence was
among the more important results of the sympos1um Royama (1977) initiated a

discussion of density-dependent regulatlon with:

A basic concept in many theories to explain the
persistence of animal populations is the notion
of density-dependent regulation, which is now
widely accepted in spite of much controversial
literature during the last half century. -
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Compensation is a term.applied to exploited fish populations and

is used to indicate the potential for counterbalancing additional mortality
through an increase in survival rates of remaining fish. The existence of
compensatien implies that the impact of power plants on fish populations is
probably less than that indicated by the conditional mortallty rates due to

entralnment and impingement (McFadden 1977).

There are at least two general ways to demonstrate the existence
of_compensation operating in natural populations. ‘First, density-dependent
birth, death, and groﬁth rates will generate a specific relationship between
stock and recruit biomass. These relationships have been examined and the .
results generally support the concept of compensation operating in the Hudson
" River striped bass population (McFadden 1977). Second, in the absence of com~
pensation, an increase in the mortality rate will generate a decline in stock -

size.

The following discussion of compensation will address declines in

yield-per-unit effort and changes in the age composition of striped bass in

the Hudson River estuary.

a. Predicted Decline in Yield-Per-Effort in the Absence of
Compensation
Any source of mortality will cause a decline in numbers if compen-
sation does not exist within a population. The potential decline in sfriped
bass numbers due to entrainment and impingement at Danskammer (which started
oprations in 1951) and Lovett (which started operation in 1949) was calcu-.

lated as an exercise based on four assumptions:

The first assumption of this exercise is that the population has no
compeneatory ability, and the removal of a certain percentage of young will
result in an equivalent reduction in the adult population. This assumption
is being tested in this exercise. If the assumption is false, then the .
decline in‘numbere calculated in this exercise should be conspicuous when
compared to actual abundanee trends. The second assuﬁption is that the one

year of data (1973) for conditional mortality rates at these two plants is a.

‘reasonable estimate of the mean conditional mortality rates from 1949 to
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present. Obviously, if the mean is underestimated, the decline will also be
underestimated, the decline will aléo be uﬁderestimated,'éhd'if the meén-is
overestimated, then the decline will be overestimated. The third assumption
is that conditional mortality rates calculated with respect to total flow
rates are proportional to conditional mortality rates for individual wmit
maximum flow rates (Table IV-20), as represented -by the following formula:

M F, '

Mj Fj
where o .

M; = Conditional mortality rate calculated for all units

M; = Conditional mortality rate for unit i V

F¢ = Total maximum flow rate for all units combined

F; = Total maximum flow rate for unit i

The fourth assumption is that no major influx of striped bass has bccurréd
during the time period covered in the exercise (1949-1976). 1f striped bass
from other estuarine populations (e.g. the Chesapeake Bay) are replacing

those removed by entrainment and impingement, then no decline in numberé

would be expected; available data indicate that fhe probability that this
assumption is true is very high. Impingement and entrainment mortality rates
were taken from TI (1975a). Impingement mortality rates are given as expectation

of death from impingement

uj = Nj/N¢

where

uj; = Expectation of death from impingement

2
e
]

- Number of fish impinged

N, = Total number of fish at the beginning
" of the impingement period

" This value can be converted to a conditional mortality rate by:

l-qt
me: = 1 -
i I-q,
where
m; = Conditional moftality rates due to impingement
q¢ = Total mortality rate

qp = Mortality from natural causes
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Table IV-20

Percent Flows (Cooling Water Withdrawals) of Individual Units at ‘
Lovett and Danskammer and Associated Impact on Striped Bass '
" Based on 1973 Entrainment and Impingement Data

-Cumulative :

Power Year Operation Proportion Direct *

Plant Unit began Maximum Flow Impact.
Lovett I 1949 0.08 0.0019
Lovett I 1951 . 0.16 0.0037
Lovett 111 1955 0.29 0.0068
Lovett IV 1966 0.62 0.0144
Lovett v 1969 1.00 0.0233
Dans kammer | I 1951 0.13 0.0069
Danskanmer 11 1954 0.26 0.0138
Danskammer  I1I 1959 0.60 0.0319
Danskammer | Iv . | 1967 1.00 0.0532

* Direct impact is equal to the conditional mortahty rate o 4
1n the absence of compensatmn L : '

Total mortality (qt) was calculated to be .8 in McFadden (1977). Natural

" mortality (q) can be calculated:
| [1-(uj/qp)]
n - (l—qt) ’ -
Entrainment mortality 1s calculated directly as cond1t10na1 mortallty
Values used here assume 80, 60, and 70 percent mortallty for eggs, yolk—sac
larvae, and post yolk-sac larvae respectively. Values of .5 for withdrawal
and .1 for recirculation were used as in McFadden and Lawler (1977). The

combined impact of these two mortality rates can be calculated:

combined mortality = mj + mg - (mjmg)

where

m; = Conditional mortality rate due to impingement

me = Conditional mortality rate due to entrainment

With no compensation present, each year the year class would be reduced by

the conditional mortality rate. The expected behavior of such a population . '

starting with 100 fish is shown in Table IV-21.
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A

. Table v-21

Expected Behavior of a Hypothetical Populatlon of Striped Bass w1th
No Ab111ty to Compensate for Additional Mortality from

Danskammer and Lovett Power Plants

Conditional Plant

, Proportion  Conditional Plant
“Population Surviving Mortality at Mortality at
Year Size Impact Danskammer Lovett
1949 100 0.9981 = ------ 0.0019
1950 99.81 0.9981 . ee---- 0.0019
1951 99.62. 0.9894 -0.0069 0.0037
1952 -98.56 0.9894 0.0069 0.0037
1953 97.52 0.9894 0.0069 0.0037
1954  96.49 0.9826 0.0138 0.0037
1955 94.81 - 0.9795 0.0138 0.0068
1956 92.86 0.9795 0.0138 0.0068
1957 90.96 0.9795 0.0138 0.0068
1958 89.10 0.9795 0.0138 0.0068
1959 87.27 0.9615 0.0319 0.0068
1960 . 83.91 0.9615 0.0319 0.0068
1961 80.68 . 0.9615 0.0319 0.0068
1962 77.57 0.9615 0.0319 0.0068
1963 74.59 0.9615 0.0319 0.0068
1964 71.71 0.9615 0.0319 0.0068
1965 68.95 0.9615 . 0.0319 0.0068
1966 - 66.30 0.9542 0.0319 0.0144
1967 63.26 10.9332 0.0532 0.0144
1968 59.04 0.9332 0.0532 0.0144
1969 55.09 0.9247 0.0532 0.0233
1970 50.94 0.9247 0.0532 0.0233
1971 47.11 0.9247 - 0.0532 0.0233
1972 43.56 0.9247 0;0532 0.0233
1973 40.28 0.9247 0.0532 0.0233
1974 37.25 0.9247 0.0532 0.0233
1975 34.44 0.9247 - 0.0532 0.0233
1976 31.85 0.9247 0. 0.0233
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This simulation, indicates that a 68% decline in the striped bass
population should have resulted since 1949 from the operation of these two
plants alone if no compensation exists (Table IV-21). A 66% decline wouldA
have occurred sincé-l955. Thebcatch—per—effort of the Hudson River fishery.
shows no decline over the years 1955 through 1975, a period when gear use is
comparable McFadden 1977). Young-of-the-year indices are available since
1965 (Subsection IV.B.3.). Under these assumptions, a 54% decline should be
evident in these data, but the young-of-the-year indices show no decline. If
the impacts of commercial fishing and additional power plants were included
in this exercise, the population decline would be even greater and the popula-
tion should be very small or even extinct at the present time. ' The iack of
any decline in yield per effort indices indicates that some compénsatory

mechanism is operating.

b. Changes in Age Composition

Another method of detecting population changes is thfough changes
in the age structure. Declining stocks typically show a declining average
age (Rounsefell 1975). Age composition of the Hudson River spawning stock
has been estimated from samples collected by commercial fishermen using gill
nets (McFadden et. al. 1978). Although gill nets are size selective, pre-
liminary analysis of haul seine data (a nonselective gear) indicates the \‘
commercial fishery samples broadly éﬁe spawning run and commercial gill net
data are not seriously biased. Since gill nets select for smaller fish, any

bias would be toward a younger age distribution.

The age composition of tﬁe Hudson River spawning stock is compared
to data from other sources in Table IV-22. Sixty-eight ﬁercent of the Hudson
River commerical catch are 5 years old or older, but the majority of other
stocks are 3 years old or younger. The Hudson River stock shows no indica-
tion of over-exploitation when its age structure is compared to these other

stocks.

The fish in the Chesapeake Bay systeﬁ are probably persisting under
higher exploitation rates than the Hudson River population. Chesapeake Bay
' étriped bass have younger age distributions which suggests that these popula-

tions may be compensating for additional mortality by maturing at a younger age.
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Table IV-22

Age Composition of Striped Bass Spawning Stocks in
Several Estuarine Systems

. Age Composition (%) ‘ :
System I1 111 v v VI 2VIL N** Source : Gear

Chesapeake Area 13 43 13 22 e 4 93, Tiller 1950 Pound Nets
James River 53 18 9 3 4 12 429  Grant 1974 l ‘ '
. } i - ‘Pound and
York River 66 19 6 3 2. 5 210 Grant 1974 s Fyke Nets
Rappahannock 64 19 6 2 1 8 . 324  Grant 1974
River )
. Hudson River * 15 17 33 23 12 1221 Modified from  Commercial
McFadden et.al., Gill Nets
1978

“In the Chesapeake area, age VI fish were included in the 2VII age group.
Y ‘ . ‘
Less than 1%.

* .
Sample size.

Hudson River fish are not 100% matﬁre‘ﬁntil age IX while age VII is
the latest maturing of other stocks (Table IV—23). Caution is advised where
making comparisons across gepgraphiéal regions because southern populations
tend to matﬁre earlie: than northern populations‘in general (Scott and
Crossman 1973). Hoﬁevér, if earlier age at maturity does represent a com-
pensatory response, the Hudson River stocks still have considerable flexi—
bility in the adjustment of their age at maturity and should be able to

coﬁpensate'for a considerable amount of additional mortality.

c. Fecundity as an Estimate of Compensatory Capability

Cushing (1971) related an index of compensatory capabilities to the
cube root of fecundity, This relationship was later'updated (Cushing and
Harris 1973) using the term - 8P from Ricker's (1975) stock recruitment equa-

tion. 1In past reports, a has been used because the reduction in equilibrium
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Table IV-23

Percentage of Mature Striped Bass Females by Age Reported
in Different Study Areas

Age

Study Area IIr . v v VI VII VIII IX+ Referencé_
California R 3B 87 - 93 100 100 ]do Scofield 1931
New England States -- 27 74 93 - 100 . 100 ‘100- vMerrimah 1941
Oregon | 18 68 100 100 100 100 100 Morgan and

' Gerlach 1950

North Carolina* 3 V 78. 100 100_ 100 100 100 Lewis 1962
Nortn Carolina* 4 95 100 100 100 100 100 Lewis 1962
Maryland 44 79 99 100 100 100- 100 Jones et al 1977

- Hudson River 4 7 19 43 86 89 100 McFadden and
- : : Lawler 1977

*
Two-year study

population size due to power plant mortality can be calcula:éd if @ is known

(McFadden 1977). The term - BP was converted to a through the identity:

a=ebP

where
a = coefficient of demsity independent mortality .
B = coefficient of density dependent m@rtality

average stock size

o
"

This identity holds true when recruit biomass equals parental stock biomass,
which happené at the average population size,.F. The o term correiatgd well
with the fecunditiés reported by Cushing (1971) (r = 0.62, P <0.01) (Table
IV-24). The relationship is described by the equation

=1/3

a=.0.81 + 0.067 F

where

roi}
(]

"average fecundity for each speciés
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Table IV-24

Relationship between Fecundity and Demsity Dependence for
Different Fish Stocks

Species : Fr . T P o ol
" Pink salmon : :
Kodiac - 1,754 1.00 2.72: 12.1
Puget 1,754 0.41 1.51 : 121
‘Red salmon - ’ '
Nushagak 4,011 1.00 2.72 15.90
Skeena . 3,273 0.53 1.70 14.85
Karluk 3,199 0.61 1.84 : 14.73
Chum salmon _ 2,890 1.13 3.10 14.24
Atlantic herring
Dogger 70,000 | 0.61 1.84 41.20
Buchan : 80,000 Q.48 1.62 43.08
Pacific herring '
Kodiac ' 20,000 - 2.10 8.17 - 27.14
British Columbia North 20,000 0.67 1.95 - 27.14
British Columbia Lower East 16,000 1.03 2.80 25.20
Sakhalin 45,000 . 0.86 2.36 35.57
California sardine 33,000 1.14 3.13 : 32.08
Flatfish
Plaice 140,000 1.0 2.75 - 51.92
Petrale sole - 100,000 0.48 1.62 46.41
Halibut (2) 210,000 1.26 3.53 59.44
Halibut (3) ) 210,000 1.34 3.82 59.44
Gaddoids
" North Sea haddock 250,000 1.03 : 2.80 63.00
Georges Bank haddock 250,000 1.44 4.22 63.00
St. Lawrence cod ' v 1 100,000 2.70 . 14.89 ) 103.23
Artic cod o : - 1,500, 000 1.85 6.36 _ 114.47

*Average fecund1ty taken fran Cush1ng (1971)

Index to density dependent mortality taken from Cush1ng & Harris (1973).
*Index to density independent mortality.
Cube root of the average fecundity.

*%
ek ke

Cushing (1971) generally calculated fecuhdity by using length-fecundity
relationships'combided with the average length of the fish in the spawning
stock. This method would give the fecundity of fish contributing most to the
spéwn. For striped bass, a fecundity of 740,000 eggs per female was used
representing an average of five, six, and seven—jeér—old females which con-
tribute 557 of the spawn (McFadden_and Lawlef 1977). A weighted average of
fecundity would have given a higher value, but would not have beén consistent
with the methodology used in most cases by Cushing (1971). This value for

striped bass fecundity is a conservative estimate.
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Using thié equation and the fecundity of 740,000, the calculated
" alpha value for st:iped bass is 6.87 (95% confidence interval of .74 to .

13.00). The alpha value represents the relative production of recruits at .
very low densities and indicates the maximum ability of a stock to compensate
for the additional mortality. The alpha value generated for the Hudson Rlverv
étriped bass stock was exceeded by only two fish stocks analyzed by Cushing
(1971) and indicates a comparatlvely high potentlal for compensatlon (Table.
1V-24) in Hudson River striped bass. An alpha value of 4 has been estlmated
from striped bass stock-recruitment relationships (McFadden 1977). There-
fore, the estimation of alphé through fecundity relationships indicates 4 is

a rather conservative estimate.
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C. WHITE PERCH (Morone americana)
1. General Life History

The white perch, an euryhaline membef of the family Percichthyidae,
occurs naturally in Atlantic coastal and near-coastal waters of North America
from the Miramichi River in the Maritime Provinces of Canada to South Caro-
lina. White perch, similar in body form totstriped bass, are smaller as
adults (Figure IV-23). They are primarily estuarine throughout the southern
end of their range, occur more frequently as land-locked freshwater popula-

- tions towards the northern end, and become uncommon in marine waters north of
Cape Cod (Bigélow and Schroeder 1953). In the central portion of their
range, white perch afé one of the most abhndant speéies in the lower estu-
arine reaches of both the Hudson River (TI 1976a) and the Connecticut River
(Marcy 1976). Since 1950, the range of the white perch has been extended,
probably as a result of dispersal through the New York State Barge Canal
system, to include the lower Great Lakes (Figure IV-24). Within nine years
of their initial appearance, the white perch populations grew to become the
dominant species in the commercial fishery of Lake Ontario. This lake is the
likely source of the first recorded occurrences of white perch from the St.
Lawrence Seawa& (Scott and Christie 1963). Sizable catches of white perch
reported in 1975 from Lake Erie suggest this lake now also supports repro-
ducing'populations and that further expanSion‘tovthe‘upper Great Lakeé is
probable (Busch et al 1977). White perch are often successful when intro-
duced to landlocked ponds and lakes. Many New England freshwaters have
developed populations (often large populations of stunted individuals) from
stocked fish (Thoits 1973) and ponds as small as one-quarter acre (0.1 ha)

contain breeding populations (Stroud 1955).

Figure IV-23. White Perch (Morone americana), Euryhaline Member
of Percichthyidae Family
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Y Sport fishery established by stocking hatchery reared fry, natural
_reproduction occurring.

Figure IV-24.' Distribution of White Perch in North America as of 1976
(Adapted from Hergenrader and Bliss [1971] and Scott and
Crossman [1973]) : ' '

White perch commonly exhibit seasonal patterns in distribution.
Coastal populations overwinter in the deeper waters of mid and loﬁer estu-
aries (Mansueti 1957; Markle 1976; TI 1976a). Upstream‘migrations from
these areas toward brackish and tidal freshwater spawning grounds may com-
mence as early as March in North Carolina (Hardy 1978) or as late as July at
the northern end of their range (Mansueti 1964). Males migrate first and
are usually more numerous than females throughout the spawning period.
Spawning runs may be as extensive as 45 miles (72 km) (Mansueti 1957) and
the spawning run in any river may extend over a month or more (Mansueti
1964; Smith 1971). There are few observations of the spawning act. If'is.
generally accepted that largé schools congregate over shoals or in tributary .

_streams, where several males will follow a single female, fertilizing the
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eggs she has developed and released (AuClair 1956 Mansueti 1957). After
the spawning run, adult white perch generally return to the lower reaches of

estuaries and movements are limited for the duration of the year (Mansueti

1957; TI 1976a).

white perch begin to enter the spawning population at age II when
faster growing individuals mature. In the Patuxent River, all males are
~mature at that age but in the Hudson River, some males do not mature until
age IV. Females in the Patuxent and Hudson Rivers may not mature until age
IV and V respectively (Mansueti 1957, McFadden et. al. 1978). Egg production
varies with size and age; with fecundity reportedly ranging from 20,000 to
321,000 eggs (Scott. and Crossman 1973). ADuring the first hour after ferti-
lization when eggs weter—harden, they are adhesive and will adhere te eny
substrate they contact. Eggs that do not settle may be found floating
free in the water column (Mansueti 1964). Depending on water temperature
hatching occurs in 1.5 to 6 days, with the eggs developing faster at higher

temperatures (Mansueti 1964).

Newly hatched yolk-sac larVae, 1.7 to 3.0 mm in length, remain on
or near the bottom for 3 to 5 days as the yolk is absorbed. At 3.5 to 4.0
mm in total}length (TL), the fry enters the post yolk-sac sﬁage and begins
to move about actively and feed (Mansueti 1964).  The juﬁeniie stage begins
when the young perch develops the adult fin complement, which occurs within
approximately one month after hatching when thebfish are about 20 mm TL (TI
1975a). At 20 to 25 mm TL, juveniles begin to_move.to shoalland shore zone
areas (Mansueti 1964). The diet of the young white perch is predominantly
206plankton such as copepods, cladocerans and amphipods and when they reach
a length of 61 to 100 mm TL, their diet becomes dominated by benthic forms
including crustaceans, dipteran larvae and annelids (Taub 1966; Marcy 1976).
During late summer and fall, juvenile white perch move shoreward and down-
stream through the nursery area, eventually entering the overwintering areas
(TI 1976a). Yearling and adult fish are polyphagous, consuming fish fish
eggs, crustaceans, 1nsects, and aquatic plants to different degrees depend-

ing upon location (Taub 1966; TI l976a)

1V-87 science services division



2. Population Characteristics
a. Diet

. The stomach contents of juvenile (young-of-the-year), yearling and
older white perch were examined and the data were analyzed to determine the
food habits of the fish. Data were collected to allow comparison with food
habits of striped bass (Subsection IV.B.3.c) and to determine the frequency

of cannibalism or predation on striped bass.

1) Methods

Stomach contents of fish collected by beach seines near Indian
Point (RM 39-46) [KM 62-74] in 1974 were used for these analyses since both
white perch and striped bass were present in these samples., Fish were pro-
cessed as described for striped bass, and the mean percent frequency of each

countable food item was similarly calculated (Subsection IV.B.2.a.).

2) Results and Discussion

A total of 603 stomachs from juveniles, yearling and dlder &hite
perch were examined. Ninety-one (15%) of these fish had empty étomachs and -
24 (4%) had consumed only'uncountable food items (filamentous algae, plant
and animal remains and detritus). A complete 1isfing of food items is

presented in Tables IV~-25 and Appendix Table B-17.

' Small fish [less than or equal to 75 mm (total length)] from April
to July and September through November were analyzed (no sample was available
in August for white perch <75 mm TL). During April, dipterans and cladocerans
were the main food items (Table IV—25); In May, calanoid copepods replaced
dipterans as the most common organism eaten and they continued to be the
major food eaten during June. During July, white perch ate approximately
equal amounts of harpacticoid and calano;d copepods and unidentified fish
eggs. In 1973, eggs of alewife and blueback herring were identified in white
perch stomachs. During September through November, copepods, Gammarus, and

chironomid larvae were the major items eaten.
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Table IV-25

Comparlson of Major Countable Food Items of White Perch by
Mean Percent Frequency, Aprll—November, 1974

MAY

UOIBIAIP SODIALIO8 SOUI|DOS

APRIL JUNE
Length Sample Food Item Mean Percent Sample Food Item Mean Percent Sample Food Item Mean Percent
G{oug Size Frequency Size Frequency Size Frequency
"“" .
<75 2 Diptera (L) 50.00 7 Calanoida 51.21 3 Calanoida 48.68
Cladocera (unid) 34.62 Leptocheirus 17.55 Chironomid (L) 12.17
Gammarus 7.69 EF%FEFEETH”TL) 11.94 Polychaeta 10.23
Chironomid (L) 3.85 Harpacticoida 7.25 Leptocheirus 8.70
Cyclopoida ) 3.85 Cyclopoida 5.38 CTadocera (unid) 7.86
Polychaeta 2.78 Harpacticoida 7.05
Gammarus 1.78 .Fish eggs (unid) 2.84
Chironomid (P) 1.64 Chironomid (P) 1.01
76-150 4 Chironomid (L) 68.00- . 21 Chironomid (L) 24.53 93 Calanoida 37.70
Gammarus . 21.28 . Calanoida 19.90 . Chironomid (L) 25.93
CTadocera {(unid) 10.71 " Gammarus 15.02 Chironomid (P) 7.35
Leptocheirus 11.81 Fish eggs (unid) 6.58
Chironomid (P) 11.25 Gammarus 4.82
Polychaeta 6.47 Cladocera (unid) 3.86
Fish eggs (unid) 4.76 Polychaeta 3.27
. Cyclopoida 2.40 Harpacticoida 3.16
151-200 8 Gammarus 63.79 8 Gammarus 45.47 9 Cyathura’ 24.44
: Chironomid (L) 16.02 Polychaeta 35.81 Chironomid (L) 23.15
Diptera (L), 12.82 Chironomid (L) 16.95 Calanoida 14.81
Cyathura 2.58. Chironomid (P) | .49 Chironomid (P) 11.85
Monoculodes 1.70 0Tligochaeta 0.28 Leptocheirus - 11.67
Leptocheirus 1.14 _ Fish eggs
Chirodotea 0.98 (Clupeidae) 10! 5
Chaoborus (L) 0.96 - Gammarus 2.87
Harpacticoida 0.16
201-270" No sample 1 Gammarus - 100.00 No sample
Unid = Unidentified
L~ =larvae
P = Pupae ’




06-A1

UOISIA|P S9D|AI08 82UB|DS

Table IV-25 (Contd)

JULY AUGUST SEPTEMBER
Length Sample Food Item Mean Percent Sample Food Item ~ Mean Percent Sample Food Item " Mean Percent
G{oug Size o Frequency Size Frequency Frequency
mm
<75 4 Fish eggs (unid) 24.35 No sample 33 Harpacticoida . 31.98
Harpacticoida 21.43 . Gammarus 19.81
Calanoida 21.13 Chironomid (L) 14.04
Chironomid (L)} 14.91 Leptocheirus 9.22
Adult Insect Remains 8.33 Monoculodes 8.87
Diptera (P)( | 8.33 Ealanoida 3.52
Chironomid (P 1.28 athura 3.39
Gammarus 0.16 Cﬁironomid (P) 2.39
Cyathura 0.07
76-150 101 Chironomid (L) 36.51 53 Garmarus 36.60 41 Gammarus " 40.38
Cladocera (unid) 13.88 Leptocheirus 25.65 Chironomid (L) - 13.98
Leptocheirus 11.21° Chironomid {L) 18.61 Rhithropanopeus 11.89
3ammarus 10.52 Corophium 10.38 Corophium 7.10
Chironomid (P) 6.14 Rhithropanopeus 2.70 Leptocheirus 6.73
Calanoida 4.18 Cyathura 1.98 onoculodes 5.45
Cxathura 4.01 Monocu lodes 1.63 . ngthura. .3.30
151-200 Harpacticoida 2.79 Chironomid (P) 1.27 Ch1ronom1d (P) 3.09
Chironomid (L) 90. 35 2 Leptocheirus 48.90 5 Leptocheirus 37.88
Leptocheirus 7.89 . Chironomid (L) 22.91 Cyathura 28.10
Chironomid (P) 0.88 Cyathura 9.56 Gammarus 27.14-
Cyathura 0.88 Polychaeta 5.1 Corophium 3.65
] Corophium 3.85 Chironomid (L) 1.94
Chironomid (P) 2.86 Chironomid {(P) 0.65
Gammarus 2.86 Polychaeta 0.65
Monoculodes 1.92
Cyclopoida 1.43
201-270 No sample No sample

No sample .
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Table 1IV-25 (Contd)

OCTOBER NOVEMBER
Length  Sample  Food Item Mean Percent Sample  Food Item Mean Percent
Group Size : Frequency Size Frequency
{mm)
<75 26 Gammarus 36.59 5 Calanoida 73.02
Harpacticoida 29.98 Harpacticoida 14.71
Chironomid (L) 10.79 Corophium 8.00
Polychaeta 6.32 Gammarus 4.00
Calanoida 4.06 Chironomid (L) 0.15
Leptocheirus 3.67 Monoculodes 0.13
Gastropoda 2.56
Monoculodes 1.15
76-150 25 Gammarus 45.93 4 Calanoida 79.24
.Calanoida 14.61 - Gammarus 15.66
Chironomid (L) 12.70 Harpacticoida 4,70
Leptocheirus- 7.26 Cyclopoida 0.21
Corophium 5.73 Chironomid (L) 0.11
. Monoculodes. 3.63 Monoculodes 0.03
Harpacticoida 3.16 Gastropoda 0.02
Cgathura 2.83 Legtocheirus .0.02
151-200 3 Gammarus 43.39 Mo sample
Chironomid (L) 33.33
Corophium 11.64
Lepidoptera (P) 1.1
Cyathura 0.26
Leptocheirus 0.26
201-270 No sample No sample




White perch 76 to 150 mm TL were sampled from April through Novem-
ber. Chironomid larvae and Gammarus were pfedominant throughout this period
(Table IV-25). During June, calanoid copepods became the most frequently
consumed food item while fish eggs (unidentified) were consumed in relatively
small numbers during May and June. In general, a variety of organisms wefe
consumed and white perch 76 to 150 mm TL appeared to be eating the same food
as smaller individuals (£ 75 mm). Chironomid larvae and copepodé were
consumed frequently; however, Gammarus were eaten in larger proportions by

fish 76 to 150 mm TL.V

Larger white perch (151 to 200 mm TL) were collected from April-
October but sample sizes were small (less than or equal to 9.per month) in
this length group (Table IV-25). Throughout the season Gammarus and |
chironomid larvae were the most common items in white perch diet, and_otherlv

organisms, including Cyathura and Leptocheirus were impoftant food items in

their diet during certain months. Fish eggs (clupeid) éppeared only in June.

Previous studies (Taub 1966; Webster 1942/1943) found dipterans to
be of major importance in the diet of juvenile, yearling and older white
perch. .Data from 1974 indicate that dipterans, especially chironomid iarvae,
are frequently eaten by all sizes of.white perch in the Hudson River through-
out the sampling season. Mean percent frequencies of chironomid larvae were
very high in May, June, aﬁd Jdly in the stomachs of white perch. Gammarus
and copepods become increasingly important later and often had the highest
percent frequencies in the stomachs of white peféh'during September, October
and November. Taub (1966) also found cladocerans, copepods, and‘amphipods
common food items for‘juvenile white perch in the Quabbin Reservior in
Massachusetts. Juvéniles in the Hudson River c¢ontained all of these food
items,.and the most common organisms eaten by fish in all length groups after
August were copepods and amphipods. Unlike Taub's (1966) findings, fish and
fish eggs were not predominant food items in yearling and older white perch,
although fish eggs were consumed by white perch during May through‘July.

Most fish eggs were not identified further except for clupeid eggs‘eaten_‘

during June by white perch 151 to 200 mm TL.
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Frém the large variety of food items consumed by juveniles, year-
“lings and older_white perch in the Hudson River, it is apparent that white
perch are.opportunistic feeders. Dipterans and crustaceans were the most
common food items consumed (Table IV-25 and Appendix Tabie B-17). Few fish
were consumed by white perch captured in beach seines during 1974 and there
was no evidence of cannibalism or predation upon striped bass. However,
during 1972, some white perch greater than 100 mm (TL) contained young-of-
the-year white perch and striped bass (TI 1976c). White perch also preyed
upon striped bass eggs during the 1972 spawning season (TI 1976¢).

b. Growth
1) Early Life Stages

In this section, growth of young white perch during 1976 is de-
scfibed and compared to that of the 1975 year class. Since white perch spawn
over an extended period of time (Subsection V.C.l.b.), changes in mean length
used to evaluate growth in this section are affected by continuing recruit-
ment of small fish. However, growth can still be evaluated by examining

changes in mean length if cognizance is taken of this influence.

a) Methods

» Growth of young white perch was evaluated with methods identicél to
those used for the 1973 to 1976 year classes of striped bass (Subsection
vIV?B.a.b.; McFadden 1977). Mean lengths of larvae were provided by LMS from
their river transect sampling and were used together with data on juvenile
length from the TI Beach Seine, Fall Shoals, and Interregional Bottom Trawl
Surveys to estimate the mean length of individuals. for each week. vsﬁch data
were available from the time of first spawning (early May) until mid-Decem~
ber. Curves were fitted by eye for the young-of-the-year white perch popu-

lation.

b) Results and Discussion

Growth of young white perch in both 1975 and 1976 produced a
S-shaped curve when plotted against time (Figure IV-25). A similar pattern

has been described for young stfiped bass (Subsection IV.B.2.b.). During
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May and early June of 1976, growth was slow; it increased during late June
and this rate continued through July. Growth rate decreased during August
and little growth occurred frdm September through the end of the season.
This pattern during 1976 was like that described for the 1976 year class of
striped bass (Subsection IV.B.2.b.).

The 1975 year class of white perch grew more rapidly during the
early growth phase than it did the 1976 year class. As a result, the mean
length of the 1975 year class was 4 to 8 mm greater than that of 1976 year
ciaSs during comparable periods. Differences in growth during early 1975
and 1976 may be related to differences in water temperature during this
period. There is evidencg to suggest that larvae hatched later in the
season survived better than those hatched earlier (Subsection IV.C.3.b.).
Most of the larvae contributing to the 1976 year class seem to have been
from. eggs spéwned two to three weeks later thah those of the 1975 year
class. Thus, the apparent mean daily growth rate during early 1976 was
depreésed by the later appearance of relatively large numbers of young
larvae. The same phenomenon affected a difference in the size of stripéd

bass between the 1975 and 1976,year‘c1asses (Subsectioﬁ 1V.B.2.b.).
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Figure IV-25. Estimates of Mean Total Length and Growth Curves for Larvae
and Juveniles of 1975 and 1976 Year Classes of White Perch
in Hudson River Estuary
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During the succeeding phase of rapid growth, daily rates were
similar in 1975 and 1976 but the difference of 4-8 mm in average length was
maintained. However, the rapid growth phase continued later into the summer
in 1975 than in 1976. White perch growth decreased during August of 1976,
probably as a result of deciining temperatures (Table IV-4). During this
period the 4 to 8 mm length difference increased to 7 to 12 mm and this
differénce was maintained through the rest of the year. At the end of 1975,
young-of-the-year white perch averaged 77 mm TL, whereas the average length
at the end of 1976 was only 67 mm TL. Thus white perch growth was influ-
enced by the length of the growing period ahd the temperature dﬁring that

time.

2) Adults

White perch were collected in the Hudson River estuary during May,
June, and July in beach seines and bottom trawls and the length and weight
of each fish were recorded and scales taken for subsequent age determina-
tion. The sex of randomly subsampled individuals was also determined.
Length at the time of capture was plotted against age to evaluate growth of

white perch in the Hudson River.

Generally, female white perch are significantly larger than males
at a given age (t = 2.60; P <0.05) (Figure IV-26; Table IV-26). Females
attain a length of 208.1 mm (TL) compared to 188.1 mm (TL) for males by age
VI (Table IV-26). | |

Several other studiesl(Taub 1966; AuClair 1956; Mansueti 1961b)
have also shown that female white perch have a higher gfowth rate than
males. Such sexual differences do not appear until ége II in the Quabbin
Reservoir, Mass. (Taub 1966) and age III in Sebasticook Lake, Me. (AuClair
1956). Taub (1966) attributed sexual differences in growth rate to the time
of maturation; "Earlier maturing males utilize food conversion for gonad
development at the expense of somatic growth at least one year before
females. Consequently, femaies mature at least one year later than males
and have an additional year of unrestricted somatic growth which contribute

to the sexual difference" AuClair (1956) supported this position. This may
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also explain growth differences for white perch in the Hudson where males

mature earlier than females (Subsection IV.e.2.d.). L : .

To determine the annual growth rate for any age, the time of
annulus formation must be known. The time is vafiable and occurs from
mid-June td—mid—July in Quabbin Reservoir (Taub 1966) to late March in
Albermarle Sound, N.C. and the lower Roanoke River, N.C. (Conover 1958).

The timing in the Hudson River is not known, but somevspawning occurs in
early to mid-summer, therefore the first annulus is pfobably not formed
until the following>éummer. Therefore, fish collections in May through June

were compared to other populations (Table IV-27) in making comparisons of

the time of annulus formation.

220‘—

—— Male - : .

200 o— — —s Female o /

180

160

Mean Total Length (mm)

140 L

120 -

100 | L | 1 ! | 3

Age (Years)

*This point (i.e. 7 year old males) collected in April

Figure IV-26. ‘Mean Length of White Perch Collected in Hudson River

Estuary, May-July, 1976 Plotted against Age at Time .
of Capture :
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Table IV-26

Mean Total Length (mm) of White Perch Collected in
Hudson River Estuary, May-July, 1976

Age Male Number ) Female Number
1 105.1. 7 108.0 5
I - 1260 S C135.7 29
r 153.2 - 38 157.9 14
v 174.0 30 , 175.6 43
v 174.3 42 188.7 33
Vi 188.1 18 208.1 8
VIl ' 207.5% 2 206.0 ]

X1 — NS 303.0% 1

*Fish collected in April
‘NS = No sample

Table IV-27

Mean Total Length (mm) at Annulus Formation for White Perch Collected
from Various Locations (Male, Female and Unsexed Fish are Combined).
Ranks for Friedman analysis are shown in parentheses (sz 15.7, P<0.001).

AGE - HUDSON* CONNECTICUT** DELAWARE***  ROANOKET PATUXENT'
I 87 (3) - 87 (4) 83 (2) 69 (1) 89 (5)
11 128 (2) - -~ 179 (5) 134 (3) 106 (1) 137 (4)
1 158 (2) 225 (5) 158 (3) - 186 (1) 164 (4)
v 175 (2) 255 (5) 174 (1) 177 (3) 183 (4)
v.oo183 (1) 278 (5) 186 (2) 203 (4) 198 (3)
VI 194 (1) 308 (5) 196 (2) 227 (4) 219 (3)
Sum ranks (11) | (29) (13) (14) (23)

Standard lengths (SL) from Marcy, 1976 were converted to total lengths (TL)
for comparison using the equation: TL = 1 57 + 1.2 SL.
*Texas Instruments current study
**Marcy (1976)
***Wallace 1971 (from Marcy 1976)

conover 1958 (from Marcy 1976)
tMansueti 1961 (from Marcy 1976)

V=97 science services division



There is a éignificant diffefence in the size attained at a given
age for white perch from several esfuarine syStemé (Table IV-27, X2r = 15{7;
P <0.001). As Marcy (1976) noted, white perch from the Connecticut River
grow faster than other populations. Hudson River fish tended to bé inter-
mediate in the size attained at a given age although age V and VI fish are
smaller than fish of these ages in other systems. These differences could

be related to food supply, water temperature, or unknown factors.

c. Sex Ratio and Age Composition
1) Sex Ratio
a) Methods

The sex of white perch greater than 150 mm TL was determined from
‘subsamples of the catch from beach seines (shore zone) and bottom trawls
(offshore) at standard stations near Indian Point from April through Decem-
ber (Section III) of 1975 and 1976. Additionally, during May, June, and
July of 1975 and 1976, the sex of white perch greater than 100 mm TL was
also Hetermined from subéamples from the same gear'types. The data were
groupea by age (II through VI) within each gear typé and by all ageé'com— |

" bined within each gear type for each year.

" The hypothesis of a 1:1 sex ratio, was tested with the following

model (Steel and Torrie 1960):

Z = —lL;;Jl—
"Bﬂ
n
.where
n
p = .;1.—
p=0.5
q.=1-p
n =nj + 0y (ni = no. males; ny = no. females)
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b) Results and Discussion

_ The sex ratio of adult white perch, by age and all ages combined
(in the shore zone) was not significantly different (a=10.05) from 1:1
during 1975 or 1976 (Table IV-28). The sex ratio for all ages combined from
deeper offshore areas was not significantly different from 1:1 during 1976;
however, during 1975 there were significantly fewer males than females
caught in the offshore areas. The sex ratio of white perch caught by bottom
trawl during 1975 was significantly different from 1:1 for all ages éxcept '
age V. The 1976 bot tom trawl.déta indicated significantly fewer males than
females for ageé II and significantly more males than females for age VI.
. The sex ratios for ages‘III through V were not significantly different from
1:1. There is. presently no explanation for the unequal sex ratio from the
1975 bottom trawl data. Otﬁer studies reported that the sex ratio of Hudson
River white perch was approximately 1:1 (O and R 1977, and CHG and E 1977).
In conjunction with the data from fhis study, these observations lead to the
conclusion that the sex ratio of the Hudson River adult white perch popula-

tion was not significantiy different from 1:1.

2) White Perch Age Compositibn
a) Methods

» White perch collected from standard station beach seines and
bottom trawls during April through December were used to determine the age
composition of the 1976 population. Scale samples for age determinations
were removed from subsamples of yearling and older white perch (Subsection
I1l.c.2.). No scales were removed from fish less than 50 mm TL which were
assumed to be young—of—the—yéar. The data were grOupéd by geér and month

for analysis.

b) Results and Discussion

The majority of white perch.captured by beach seines in the shore
zone during May and June were age I (Table IV-29). 1In July, large numbers
of age 0 fish appeared in the shorezone, and from July through November

these dominated beach seines catches. A generally decreasing trend of
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Table IV-28

Test for Slgnlflcant Differences in Percentage of Male White Perch

by Age Group and Gear Type, 1975-1976

1975 N 1976
Bottom Traw] Beach Seine , Bottom Trawl Beach Seine
Percent Sample + Percent Samp]e + Percent ASamp]e + Percent Sample : +
Age  Male Size z P Male Size z p Male - " Size z p Male Size z P
2 32 146 -4.35 <0.0001* 45 87 -0.93 0.1762 34 87 -2.98 0.0014* 55 40 0.63- 0.2643
3 37 ‘ 120 -2.85 .0.0022* 36 22 -1.31 0.0951] 47 135 -0.70  0.2420 48 44 - -0.26 0.3974
4 31 209 -5.49  <0.0001* 50 28 0 0.5000 50 m 0 0.5000 41 22 -0.84 0.2005
5 41 ' - m -1.90 0.0287 " 23 13 -1.95 0.0256. 55 74 0.86 0.1949 44 16 -0.48 0.3156
6 30 23 -1.92  <0.0274 - ' ' 75 24 2.45 0.0071% _ _ _
Combined 34.2 609 -7.90 <0.0001* 43 150 -1.71 0.0436 48 431 -0.83 0.2033 48 122 -0.44 0.3300

_ +Probabﬂity (P) of pbtaining a more significant (higher) Z value than the calculated Z value
- (Steele and Torrie 1960:355)
*Indicates significant difference from 50% males at o = 0.05.




@o
B Table IV-29

“ . Percentage Age Composition of White Perch Captured by Standard Station
' Beach Seine and Bottom Trawl during April-December 1976, Hudson River Estuary

Age Apr May Jun Jul . Aug Sep Oct  Nov Dec
Bottom Trawl 0 -* - - 23.8 20.0 9.4 46.0 53.5 40.5
1 72.8 66.9 23.4 16.2 -26.7 20.9 25.4 34.6 43.1
2 8.6 5.4 .10.1 10.3 13.3 33.4 19.9 7.2 10.4
3 12.2 5.8 19.0 16.6 21.3 20.5 5.4 3.0 4.9
4 4.8 10.4 16.6 7.9 .16.0 11.00 2.8 1.4 0.8
5 1.3 10.0 20.3 14.2 - 4.7 0.5 0.3 0.3
6 0.2 1.5 10.5 9.4 2.8 - - - -
. 7 0.2 - - 1.6 - - - - -
Number Aged 379 179 122 72 75 126 344 372 340
Beach Seine 0 - - - 53.8 93.0 82.9 83.3 97.] 33.3
‘ 1 13.3 65.7 - 75.8 40.4 6.4 14.7 13.9 1.0 33.3
2 26.7- 14.9 10.0 3.1 0.2 1.3 1.4 1.0 33.3
3 26.7 9.0 8.3 1.9 0.3 0.7 1.4 - -
4 13.3 3.0 4.0 0.2 - 0.3 - 1.0 -
5 6.7 6.0 2.0 0.3 - 0.2 - - -
6 - 1.5 - 0.2 - - - - -
' 7 6.7 - - - - - - - -
o 1 6.7 - - - - - - - -
Number Aged 15 66 338 402 - 451 474 177 97 3

" *Dashes indicate no fish aged.

occurfenée for older white perch in the shore zone ﬁas'apparent as the season V
progressed (Table IV-29). From April through June, age V and older whité
perch consisténtly appeared in the beach sgine catches; however, from August _
through December, agé V fish appeared only in September; age IV perch only in
Septeﬁber and November, and age III fish occurred only through October. This
suggests a movement by older white perch from the shore zone and presumably

to deeper offshore areas.

From April through June, age I white perch predominated in bottom
trawl.catches. Young-of-the—year (age 0) white perch were caught in bottom
trawls from July through December; howeVer, the-percentage of age 0 white
perch remained low relative to beach seine catches (Table IV-29). Older

' ' white perch were consistently caught in the deeper, offshore areas sampled
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by bottom trawls. _Except.during August, age V fish were captured throughoﬁt

the sampling season and age VI fish were captured from April through August.

In general, it appears that age 0 fish move to the shore zone in
July and remain in large numbers relativelto other age groups until November,.
Duriﬂg the latter part of the sampling season, older fish were less abundant
in the shallow water and more abundant in the deeper, offshore areas than agé

0 fish.

d. White Perch Age at Maturity

The age at which white perch mature was determined from subsamples
of beach seine and bottom trawl catches collected during May and June of 1975
and 1976 (Subsection III.c.2.). Both the ratio of gonad weight to body weight
and visual examination of the gonads were used to estimate maturity. Age was

determlned from scales and the data were grouped by age for each year.

The results indicate that male white perch mature faster than fe-

males (Table IV-30). An average of 1975 and 1976 data indicates by age II,
18% of females and 37% of the males were sexually mature. By age III approi—
imately 837 of the femalés were mature, 957 by age IV, and 100% by age V.
Approx1mate1y 76% of the males were mature by age III and 100% by age IV.

These results are similar to earlier results (TI 1976c: V-32,33).

Table IV-30

Percentage and Number by Age of Sexually Mature Male and Female
Hudson River White Perch, 1975 1976

Age
11 111 1v v
Percent Number Number Percent Number Number Percent Number Number Percent Number Number
Sex Year Mature Examined Mature Mature Examined Mature Mature Examined Mature Mature Examined Mature
Male 1975 32 50 16 80 20 16 100 38 38 100 32 32
1976 46 28 13 74 38 28 100 27 27 100 49 49
Average 37 76 100 100
Female 1975 ° 18 60 n 78 23 18 95 43 4] - 100 43 43
1976 18 33 6 88 25 22 95 21 20 100 15 15
Average 18 83 95 - “100
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' : ~e. White Perch Fecundity
1) Methods

White perch from bottom trawl and beach seine catches during the
months of May and June 1975 and 1976 were used to estimate fecundity. The
fish were measured to the nearest gram (g) of total body weight and milli-
meter (mm) of total length. Both ovaries were removed, stored in 10% forma-
lin, and later drained on paper towels and weighed to the nearest 0.01 g.
Then a wedgé—shaped'sample weighing approximately 0.1 g was removed from a

‘transverse section of the ovary taken midway along the long axis; the apex
of the wedge approximated the central axis of the ovary. .The sample was
‘;Aimmediately weighed to the nearest 0.01 g and the eggs were manhally sepa-
rated from the ovarian connective tissue and counted. ‘Since the minimum
size at which eggs are likely to mature duriﬁg a spawning season islunknown,
eggs ZO.ZImm diameter, as measured with an ocular'micrometer, were assumed
to be maturing and were included in fecundity estimates. The choice of 0.2
mm diameter was based on preliminary examination of frequency of egg diam—

eters from ovary samples collected in May and June.

For each fish, the total number of eggs greater than or equal to
the minimum diameter (0.2 mm) for each fish was estimated using the equa-

tion:

where

E = estimated number of eggs greater than or equal to
0.2 mm in both ovaries:

¢ = number of eggs in sample greater than or equal to
0.2 mm -

w = weight of sample

W= weight of both ovaries

The log10 of the estimated number of eggs for each fish was re-

gressed on the 1og10 of the total length (mm), on 1oglO of the total weight
. (g), or on age as follows:

log;, E= a+ B (x)
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where

a and 8 are constants

x = log,, total length (mm) or
log, . total weight (g) or
Age of fish i '

Pairwise comparisons (May versus May and June versus June) were made between
years for the fecundity-length data sets énd within each year (May versus
June) for the fecundity-height of fecundity-age data sets. Monthly regres—
sions were compared since fecundity-length regressions from May and June
1975 were found to be significantly different (@ = 0.05; TI 1978a). Data
were tested for homogeneity of group variance with Levene's test (Brown and
Fdréythé 1975) and for differences between regressions lines with analysis

of variance (ANOVA).

2) Results and Discussion

No significant difference (a= 0.05) was found for either the.
group variance or regression lines between the Méy 1975 and 1976 fecundity- , .
length data sets. A significant difference (a = 0.05) was found in group '
variances between the June data sets for the two years making a comparison
of the June regression lines invalid. .Therefore, the best available data on
fecundity for Hudson River white perch are based on the regression using

pooled data from May 1975 and May 1976 (Appendix Table B-18).

- Fecundity estimates from Hudson River white perch have been made
since 1972, however, differences in methodology precluded use of data prior
to 1975. Holsapple and Foster (1975) reported on white perch fecundity
data collected in 1972 for this study but egg counts included diameters
greater than 0.1 mm as opposed to O.2_mmlused for later (1973-1976) esti-
mates for this study. ‘Fecundity estimates from 1973 and 1974 data used 0.2
mm as the minimum egg diameter to be counted, but an ocular micrometer was
not used for all samples; therefore, estimates from 1973 and 1974 may not
have been as accurate as the 1975 and 1976 estimates, for which an ocular

micrometer was used for all samples.

~
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Fecundity-length regression from this and other studies were not
compared since observed differences in fecundity estimates may only reflect
the minimum egg diameter chosen to estimate fecundity. Sheri and Power
.. (1968) repofted three distinct egg sizes in white perch from Lake Ontario.
Taub (1969), working with white perch in Massachusetts, found a significant
difference (a = 0.05) among fish in the number of eggs per unit of weight.
Taub attributed this to differences in egg size among fish and his only
quantitative.statement on egg size was that they were less than 1 mm. This
study and Holsapple and Foster (1975) recognized a gradation in egg diam-

eters and identified minimum diameters for inclusion to estimate fecundity.

An accurate estimate of fecundity for white perch must include all
viable eggs that will be spawned by an individual during a spawning season.
This is difficult to estimate with the data presently available. The cur-
rent working hypothesis developed from this study (TI 1978a) provides that a
mass of ova are activated for the approaching spawning season. However, only
a portion of the ova mature and the majority arevinhibited from maturation
byla hormonal feedback mechanism. When the mature eggs are shed, a second
group of ova begin to mature and the hormonal feedback mechanism is re-
started. This cycle of'matﬁration—inhibition:may continue fhroughout the
spawning season. There is evidence that a single female can ovulate over
a period of at least 10 days (Mansueti 1964) which tends to support this
hyﬁothesis.

‘ Fecundity as predicted by age was significantly (a = 0.05) differ-
‘ent for the months of May and June 1975. The fecundity-age relationship
could not be tested for the same months of 1976 and because of differences
in group variance, neither could the 1975 and 1976 fecundity-weight rélatibn-

ships.

Regressions of fecundity on age are not as desirable as regressions
of fecundity on length for predicition of white perch fecunditj. Wallace
(1971) has shown length to be a poor index of age for white perch, indicating

that age would be a poor indicator of.fecundity.
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The regressions of fecundity on weight can be misleading since a ' .
portion of the weight on which fecundity is regressed is the weight of the
eggs. This in effect regresses eggs on thelr own weight, causing the corre~

lation to be spurious (Bagenal 1967).

3. Population Dynamics

This section describes the populationbdynamics of larval, juvenile
and older white perch collected in the Hudson River estuary. Estimates of
the relative and absolute abundance and mortality rates for white perch
during 1976 are presented. In addition, factors, both density-dependent and
denSity-independent, affecting growth and abundance of juvenile white perch

are investigated.

a. Abundance Trends and Population Estimate
1) Juvenile Abundance Trends

Trends in the juvenile white perch population from 1965 through
1976 were examined .using a yearvly' index of abundance. This index is a rela- - '
tive measure of year-class strength over a l2-year period. Estimates of the .
actual numbers of juvenile white perch are discussed in Section IV.C. 3.a.2.
Factors which may affect abundance of Juvenlle white perch are examined in

Sectlon IV.C.3.d.

a) Methods

The catch per 10,000 ftZ swept in beach seines from mid—July
through August was used as the index of abundance for the years 1965 through
1976 (excluding 1971). A similar index covering more months of the year was
calculated for the years 1969 through 1976. Statistical analyses of this
alternate index prov1ded the basis for Judging the aécuracy of trends evident
in the 1965 through 1976 abundance index. Also, comparisons were made betwéen

yearling white perch abundance and juvenile abundance in the previous year.
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(1) Calculation of Eleven-Year Abundance Index

The abundance index was calculated for juvenile white perch by the
~ same technique used to calculate the juvenile striped bass index (Subsection
"B;3.a). Beach seine net sizes varied from 50 to 100 ft over the years for
which the index was calculated (Appendix Iable'B—Z). In order to standard-
ize the catch among these gear, the catch-per-unit-area éwept (scaled to
10,000 £t2) was used as the index of year class abundance. The method for
determining the area swept by each beach seine tow is given in Subsection
IV.B.3.a. The mid-July through August pgriod-was chosen for the index, since
 juveni1é white perch catches in seines increase.about the middle of July

" (Figure V-46) and August was the latest month sampled consistently from 1965
through 1976 (excluding 1971 [Figure IV-27]). For each of the years 1969,
1970, and 1972 when sampling was not riverwide (Table IV-5), all available
beach seine data were used to calculate the indices. No adjustments to the
1969, 1970, and 1972 data to approximate a more river wide estimate were made
for the white perch abundance index as was done with the striped bass index
because of the distribution patterns of white perch in the river. White
perch juveniles were more evenly distributed in the river than striped bass,
with high catches in the Tappan Zee through Croton-Haverstraw and Saugertieslb
through Catskill regions, and moderate to low catches in the rest of the
estuary (Figure V-44). Therefore, numbers of white perch taken in the lower
-half of the estuary should reflect trends throughout the estuary and. preclude
the need for an'adjustment of 1969, 1970, and 1972 data.

(2) Seven-Year Alterﬁate Index

Catches of juvenile white perch in beach seines remained high after
the mid-July through August period used for the indéx (Figure V-45), so a
July through October index (catch-per-unit-area) was calculated for the years
1969-1976 (excluding 1971); Beach seine sampling did not continue through
October in years prior to 1969 (Figure IV-27). The July through October
index was compared to the mid—July through August index to determine if the
trends were similar. Statistical analysis of the differences among years
using the mid-July through August data was impaired by the limited number of
biweekly samples that were taken during the period covered by the index.

However, the July through October index>providedvnine biweekly periods per
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JAN | FEB ] MAR I APR | MAY | JUN I JUL l auG | Sep | OCT'] NOV I DEC ‘
YEAR | SURVEY -
1965 NYU \\\\
1966 NYU . \
1967 NYU v o
1968 NYU * * * * =]
1969 NYU U RIRIRRK
: | SQISERAKKX
1969 RAY - RRRARIEL
, ::::0:0:0:020:0:0:
1970 RAY Tt oaes /
1971
1972 TI
1973 TI
1974 I
1975 I
1976 TI

'[:::] Months during which sampling occurred

Months used to calculate mid-July through August white perch juvenile abundance index:
Months used to calculate July through October index )
~ % Months in which only Statibns IIWY and IIE1 sampled

Figure IV-27. Beach Seine Sampling of Hudson River Estuary from 1965-1976

year and permitted the use of a Friedman analysis and multiple comparisons
test (Appendix Tables B-19 and B—20,'[Hollander and Wolfe 1973]) in the

analysis of the index data.

(3) Juvenile Abundance versus Yearling Abundance
in the Following Year

Juvénile white perch abundance over three years (1973-1975) was
compared to the yearling abundance in each following year (1974~1976).
Yearling abundances indices (CPUA) were calculated in the same manner and
using the same time periods as were the juveniie abundance indices. This
analysis was restricted to three data points because 1974 through 1976 were
the only years when yearling catches were recorded separately from older age
groups. Older white perch do not leave the river system and would contri-
bute an unknown and varying number of individuals to the index, confounding

the comparison of juvenile abundance and the yearling abundance in each

following year.
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b) Results. and Discussion
(1) Juvenile Abundance Index (Eleven Years)

The juvenile white perch abundance index (Table IV-31) varied by
a factor of 8.0, showing.léss variability over the eleven years than the
stripéd bass index. Seven strong year classes (1966, 1967, 1969, 1970,
1973, 1975, and 1976), two intermediate (1965 and 1968), and two weak year
classes (1972 and 1974) were evident (Figure 1IV-28), indicating a fairly

stable level of annual juvenile abundance during the eleven years analjzed.

Table IV-31

Beach Seine Data Used to Calculate a Riverwide Index of Abundance
(Catch per 10,000 ft2) for Juvenile White Perch,
Hudson River Estuary, 1965-1976 (excluding 1971)

Sample ' Number Area Index of

Year Survey Dates Caught Swept (ft2) Abundance
1965 NYU 7/19-8/17 288 227,000 ' 12.7
1966 NYU 7/13-8/24 661 356,225 . 18.6
1967 ' NYU. - 7/17-8/21 944 275,000 34.3
1968 NYU  7/15-8/19 - 464 389,700 1.9
1969  NYU & RAY 7/13-8/30 319 131,750 24.2
1970 RAY 7/12-8/29 946 426,272 22.2
1972 TI 7/16- 9/2 131 302,451 4.3
1973 - T1 7/15- 9/8 4308 2,145,892 20.1
1974 - TI 7/16- 9/7 1943 2,853,116 6.8
1975 TI 7/13- 9/6 9343 3,599,092 26.0
3

1976 I 7/11- 9/4 9502 3,758,944 25,
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Figure IV-28. Juvenile White Perch Abundance Indices (Catch-Per-Unit-Area
in Beach Seines), Mid-July through August, 1965-1976,
Hudson River Estuary

(2) Alternate Index (Seven Years)

The two years of low white perch abundance (1972 and 1974) identi-
fied with the mid-July fhrough August index were also reflected in the in-
dices developed from catches during the period July through October (Figure
IV-29). The Friedman distribution—free multiple comparisons analysis calcu-
lated from July thrdugh October déta over the seven years 1969 through 1976
(excluding 1971 [Appendix Tables B-19 and B-20]) showed that the low abun-
dance index in 1974 was significantly different (@=0.05) from 1969, 1970,
and 1973 indices while thée index in 1972 was significantly different
(=0.05) from 1969 and 1973 indicies. The 1972 and 1974 ‘indices were notAA
significantly different from the 1975 and 1976 indices.(Figuré IV-30). The
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similarity in trends between the two sets of indices supported the use of

the mid-July through August time period to determine juvenile white perch

abundances from 1965 through 1976 (excluding 1971).

Mid-July-August Index [__J

July-October Index - _
A R
N N | N
N LN AN N TN N

Figure IV-29. Comparison of Mid-July through August and July through
A October Indices of Juvenile White Perch Abundance (Catch-
per-unit-area) in Hudson River Estuary 1969-1976
(excluding 1971)

1974 1972 1976 1975 1970 1973 1969

Figure IV-30. Results of Multiple Comparison Test of July-October Index
of Abundance for Juvenile White Perch, 1969-1976 (excluding
1971), Hudson River Estuary (Those years between which no
. significant [a = 0.05]) difference exists are underlined)
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(3) Juvenile Abundance versus Yearllng Abundance
in the Following Year _ : .

Years of high juvenile'abundahce (1973 and 1975) were followed by
years of high yearling abundance and the year of low juvenile abundance
(1974) was followed by relatively low yearling abundance (Table IV-32).
This limited data set suggests that year-class strength is established

during the juveniie life stage before the mid-July through August period.

2) Juvenile Population Estimates

In order to estimate the actual abuhdance of young-of-the-year
white perch, the same basic sampling programs and analytical techniques used
for striped bass (Subsection IV.B.3.a.) were applied. The two species are
closely related and many aspects of their life histories are similar, but
differences exist between their disﬁributions; both among and within the
sampling regions. The following sections examined the effects of these

differences on the assumptions of the estimation procedures.

v

‘a) Methods

Both mark—recapturé and density extrapolation methods were used to
estimate juvenile white perch abundance. Sampling ﬁrograms and procedures
were identical to those described for striped bass (Subsection.IV B.3), but
the night/day adjustment, l4-day survival. rates, and beach selne efficiency
adJustment were calculated specifically for white perch. A detalled discus-
sion of biases in mark-recapture estimates of population size was presented

in Subsection IV.B.3.

Table 1IV-32

Cdmparison of Juvenile and Yearling White Perch Annual Abundance Indices -
(Catch-per-unit-area) from Beach Seine Samples Collected from mid-July
through August, 1973-1976, Hudson River Estuary

Year t Juvenile CPUA ~ Year t +.1 Yearling CPUA-
1973 20.1 1974 21.0.
1974 6.8 ’ 1975 9.9

1975 26.0 1976 15.1
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b) Results and Discussion

(1) Mark-Recapture

Corrections for Type A error (errors in intercept) in the mark-
recapture data were also nécessary for white perch (Appendix Table B-41).
Survival adjustments, based on l4~-day survival tests, were 1.0 for September
and 0.95 for October and November (Appendix Table B-21). Other ad justments
for Type A erfﬁr (i.e. non-reporting of recaptured fish) were not considered
necessary since only samples specifically examined for marked fish by TI and

LMS were used for population estimation.

Type B error (incorreét slope) was not apparent but could have
been present. The most likely source of error would be a higher than normél
mortaiity of marked fish: waever, a decline in R/C values caused by in-
creased mortality of marked fish could not be distinguished from dispersal.
Two other sources of Type B error, regenerationvand emigration, were not
likely. Regeneration was not seen as a significant problem since the recap-

. ture effort was concluded before July of the next year. Also, emigration of
marked fish from the sampling area was not considered a problem since emigra-

tion had not been observed for juvenile white perch.

As with striped bass, Type C error (time-related distributional
anomalies) was the most severe problem. The R/C (fraction of marked fish in
" the sample) values rose rapidly through September, then declined just as
rapidly in Octoberv and November (Figure IV-31). The.combined R/C ratio
stabilized at 0.0001 through the winter months when impingement collections
represented almost 100% of the combined sample. The stabilization of the
R/C ratio indicated that mixiné may have sufficiently reduced Type C error.
Movement data derived from recaptured fish also indicated that mixing oc-—
curred during the winter months (Subsection V.C.4. and 5.). Fish caétured
in impingement collections during the winter (marked in fall) had moved into
the Indian Point region from other regions in the middle estuary (RM 24-77
[KM 38-123]). Movement matrices for fish recaptured from January through

June 1977 indicated that fish marked in September were dispersed relatively
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well (Table IV-33). The recapture rates, R/M, for fish released in Septem-
ber were approximately equal (TaBle IV-33), which suggested that fish re-
leased in all five regions were being sampled with the same intemsity. All
recéptures occurred in only two regions. This was not unusual, since the
vast majority of the catch occurred in impingement collections in‘regions 2
and 3. Fish released in October and November (Tables IV-34 and IV-35) ex-
hibited wider variations in recapture rates, and the recapture sample was
not considered to be random With respect to these gréups of releases. As a

result, the September releases were used for the population estimate.

Table IV-33

Mark-Recapture Data for Juvenile White Perch Released in September 1976
and Recaptured January-June 1977 in Hudson River Estuary (Recapture
effort included all TI field sampling programs and impingement
collections at Bowline*, Lovett*, Indian Point,

Roseton, and Danskammer power plants)

Recovery Regioh (3)

(1) (2) (3) (4) (5)

i Re]gaée RM 12-23 24-38 39-46 47-76 77-152 R: M. R./M.
Region(i) kM 19-37 38-61 62-74 75-122 123-243 ! ! v
(1) 12-23 . - .- 1 - - 1 40 0.0250 -
19-37 : : '
(2) 24-38 -- : 2 24 -- -- 26 9227 0.0028
38-61 o '
(3) 39-46 N - .18 < -- 14 3107+ 0.0045
62-74 - . :
(4) 47-76 -- 1 6 - . -- 7 2126 0.0033
75-122 ;
(5) 77-152 - - - - - 0 - 468 0.0000
123-243 : _
Rj 0 3 45 0 0
Cj 149 32336 620806 17743 -353°
Rj/cj 0.000 0.00009 0.00007 0.000 0.000
‘Ri = number of fish marked in region i that were recovered Jan through Jun 1977
Mi = number of fish marked in region i that were available for recapture on Jan 1 1977
Rj = number of marked fish recovered in region j Jan through Jun 1977
Cj = number of fish examined for marks in region j Jan through Jun 1977

*Samples from which yearling and older fish were not differentiated were not included in these analyses.

+Some fish with the Sep Region 3 fin clip combination were actually released in Region 2. These fish have been

included in the M; value for Region 2 (RM 24-38)
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Table IV-34

Mark-Recaptue Data for Juvenile White Perch Released in October 1976 and Recaptured January-June 1977
in Hudson River Estuary (Recapture Effort Included all TI Field Sampling Programs and Impingement
Collections at Bowline*, Lovett¥*, Indian Point, Roseton, and Danskammer Power Plants)

Recovery Région (3)

(1) @ (3) (4) (5)

-Release _ . o RMI2-23 . 24-38 39-46 47-76 77-152 R, M. R;/M,
Region (1) KM 19-37 38-61 62-74 75-122 123-243
(1) 12-23 - - , _— - - 0 38 0.0000
19-37 _ .
(2)-24-38 - 3 7 - - 10 3009 0.0033
38-61
(3) 39-46 - - 6 - ' - 6 2886 0.0021
62-74 ' : :
(4) 47-76 : _— 1 5 - - 6 509 0.0118
75-122 _
(5) 77-152 - 1 - - - 1 202 . 0.0050
123-243{- »
R, 0 5 18 0 0
' C 149 32336 620806 17743 353
Rj/Cj 0.000 0.00015 0.00003 0.000 0.000
Ri = Number of fish marked in reg1on i that were recovered Jan through Jun 1977
Mi = Number of fish marked in region i that were available for recapture on Jan 11977
R: = Number of marked fish recovered in reg1on j Jan through Jun 1977
Cg'= Number of fish examined for marks in region.j Jan through Jun 1977

*Samples from which yearling and older fish were not differentiated were not included in these analyses.
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Table IV~-35

Mark-Recapture Data.for Juvenile White Perch Released in November 1976 and Recaptured January-June 1977

in Hudson River Estuary (Recapture Effort Included all TI Field Sampling Programs and Impingement

Collections at Bowline¥, Lovett¥*, Indian Point, Roseton, and Danskammer Power Plants)

()

(2)

Recovery Region (j)

(3)

(4)

(5)

Release RM 12-23 24-38 39-46 47-76 77-152
Region (i) KM 19-37 38-61 62-74 75-122 123-243
(1) 12-23 | ) - P ) ]

19-37 .
(2) 24-38 - 1 2 - -
38-61 :
(3) 39-46 - - 10 - -
62-74
(4) 47-76 - - 1 - -
75-122
(5) 77-152 ' - - 1 - .
123-243 V.
Rj 0 _ 1 20 0 0
Cj v 149 32336 - 620806 17743 353
Rj/Cj 0.000 0.00003 0.00003 0.000 0.000
Ri = Number of fish marked in region i that were recovered Jan through Jun 1977
Mi = Number of fish marked in region i that were available for recapture on Jan 1 1977
gj = Number of mqued fish recovered in region j Jan. through Jun 1977
3 = Number of fish examined for marks in region j Jan through Jun 1977

*Samples from which yearling and older fish were not differentiated were not included in

these.analyses.

- +Some fish with the Nov region 3 fin clip combination were actually released in region 2. These .fish
have been included in the Mi value for region 2 (RM 24-38 [KM 38-611)

10

55

299

1653

36

13

0.1091
0.0100

0.0060

0.0278

0.0769




A Petersen Population Estimate of juvenile white perch in the

Hudson River estuary was calculated based on a September 1976 release period .
and January through June 1977 recapture period. Recapture samples were taken
from TI field collections and impingement collections at Bowline, Lovett,
Indian Point, Roseton and Danskammer power plants. The following equation
was used: | '
M-C

§ = MeC

where

.

M = number of marked fish available for recapture = 14,968
C = number of fish examined for marks = 671,000
R = number of marked fish recaptured = 48

N = estimated population = 209.2 x 106

The. 95% confidence interval (Poisson Method, Ricker 1975) is 157.9 x
106 - 284.6 x 106. This population estimate is much higher than previous
mark-recapture estimates for juvenilé white perch (TI 1978b). The estimate .

for the 1976 year class applies to September, while estimates for other.year

classes were based upon fish marked in October and November.

A population estimate as large as 209 million juvenile white perch
was checked by converting the estimate to a measurement of biomass per sur-
face area. If the 209 million white perch were multiplied by 2.75 gm, the .
mean weight of juveniles in September 1976 (TI 1978a), and the result divided
by the surface area of the river (RM 12-152) in hectares (~29,200), the
biomass is 20 kg/ha. When compared to densities of other perciform fishes
(Table IV-36), this estimate does not seem unreasonable even though densi--
ties, expressed as biomass per surface area, are generally higher for ponds
and small lakes than for large lakes and rivers. If the species listed are -
comparable to white perch, the standing crop of 20 kg/hectare for juvenile .
white perch in the Hudson lies within the ranges for lakes and streams in
North America. Hence, the estimate of 209 million juvenile white perch in

September 1976 is reasonable.
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Table IV-36

Biomass of Centrarchid Fishes Reported in Handbook of
Freshwater Fishery Biology (Carlander 1977)

Species "~ Location Biomass Primary Source
‘ . (kg/ha)
Lepomis macrochirus 111. - ponds - 112-194 Buck and Thoits 1970
‘ ' Ore. - ponds 101-260 Buck and Thoits 1970
Ky. - ponds ' 353-744 Buck and Thoits 1970
Mich.- Mill R. 49 Schneider 1973

Ind. - Wyland L. 98 (June) ‘Gerking 1962

72 (annual ave.)

L. megalotis Ind. = White R Benda and Proffitt 1974

21.4 - 53.9
L. microlophus Okla.- ponds 5.3 Whiteside and Carter 1973
Micropterus dolomieu |lakes _ 11-342 Haines 1973
: ' 20-40 (most frequent
"~ value)
I11. - ponds 29.6-189.4 Buck and Thoits 1970
N.Y. - ponds 51 - 163 Regier 1962 :
Wiéc.4'stfeams 3.7-82.9 Paragamian and Coble 197%
Ohio - streams 3.3-13.5 Paragamian and Coble 1975
I11. - streams 32.8 Paragamian and Coble 1975
Mo. - streams 8.6-8.9 Paragamian and Coble 1975
" Md. - streams. ©17.9 Paragamian and Coble 1975
M. punctuZatué Ind. - White R. 39.1-82.2 Benda and Proffitt.1974
M. salmoides North America, lakes .
and rivers 16.8 (mean) Bennett 1971
Mich.-Third Sister L. 14.2 ‘Brown and Ball 1943 -
Mich.-Wintergreen L. 53.9 Fetterolf 1952
Mich.-Lakes 0.2-21.3 Ball 1948
© Okla.-L. Carl
Blackwell 1.4 Zweiacker 1972
Ga. - L. Lanier 4.9-12.6 Heman et al 1969
Pomoxis annularis Ind. - White R. 29.8-38.5 Benda and Proffitt:1974 -
Tex. - Meridian L. 36.5 Rutledge and Barron 1972
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(2) Density Extrapolation

The density extrapovlation ﬁ\ethod produced a combined standing crop .
estimate of 11 million juvenile white perch in mid—Auguét (Figure 1V-32).
After mid-August, the standing crop declined until mid-October when shoal and
bottom standing crops climbed to over 6 million. The shift in distributing
from ﬁhe shore zone to shoal and bottom in late October was evident in the

standing crop estimates.

Shoke Zone

~ — — Shoal and Bottom

12 | ) veeeerers Channel

e T3]

10

Standing_Crop (iﬁ millions)
N
I

Jun  Jul Aug Sep - Oct Nov Dec

Figure IV-32. Combined Standing Crops of Juvenile White Perch in Hudson
River Estuary, June through December 1976 (Data from ,
Appendix Table B-23) : ‘
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: 3y comparison with the estimates of population size from the mark-
recapture study, the cbmbiped (unad justed). standing crops are of limited
value as an absolute eetiﬁate of population size for juvenile white perch.
The rapid decline in standing crops immediately after the change in sampling
programs (Aug 15-21) suggested that lafge numbers of juvenile -white perch
were present in the areas that were no longer being sampled (i.e. above RM 77
andvin'ﬁhe channel stratum). The channel standing'crops‘were larger than 2

million fish when channel sampling was discontinued.

A test of efficiency of the 100-ft (30.5-m) beach seine was con-
dueted during September through November-l977 (TI 1978b) and showed that
shore zone standlng crop est1mates based upon daytime sampling averaged less
than 7% of the true populatlon size there. If 1ncreased.n1ghtt1me densities
are due'to_d1str1but;ona1 phenomena and not increased sampling efficiency,
the shore zone standing cfops could be approximately 14-fold higher than _
estimated. At present, no data are available on the catch efficiency of the
epibenthic sled and Tucker trawl, but the assumption of 50% efficiency used
for striped bass (Subsectlon IV.B.3) may also be reasonable for white perch
Using these assumptlons about samp11ng gear efficiency, the estimate of peak
standing crop for juvenile white perch (August 8-14) would 1ncrea$e from 11
million to 93 million. This is still substantially less than the mark-recap-
ture est1mates, poss1b1y due to the 1arge portions of the estuary that are
unsampled after mld-August (offshore areas upstream from the Poughkeepsie
region). Thus the density extrapolation methods are at best an estimate of
only a portion of the population of juvenile white perch in the Hudson River

estuary.

b. Mortality Estimates
1) Early Life Stages

White perch spawn for an extended time'period throughout the Hudson
River estuary (Subsection V.C.l.a.). Accurate‘eetimates of the absolute
abundance of white perch larvae and early juveniles have proven difficult. to
obtain (Subsection IV.C.3.a.). As a result, estimates of mortality rates
through an anaiysis of temporal patterns in abundance are unreliable. In

this section, patterns in the abundance of white perch larvae and juveniles
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during 1976 are discussed and_estimates of mortality between juvenile (young-
of-the-year) and yearling stages previously presented (TI 1977f) are re- '

viewed.

a) Methods

The ‘abundance of larvae and juvenilés during 1976 was estimafed‘by
combining larval étanding crops from the Ichthyoplanktoﬁ Survey with the com-
bined juvenile standing crops (Subsection IV.C.3.a.). The juvenile standiﬁg
crops reflect populations in the shore zone throughout the estuary, but shoal
and bottom standing crops wére estimated only for the Yonkers through Pqugh—
keepsie regions. White perch, unlike stripe& bass, are abundant throughout
the estuary (Subsection V.C.l.a.), and since a portion of the estuary (shoal
and channel strata) is unsampled after mid-August, these combined sténding
crops are probably underesﬁimétes of the white perch 1976 year class (Sub-
section IV.C.3.c.). Despite this problem, changes in the standing crops over
time can provide insight into the patterns of mortality in the early life
stages of white perch. To investigate the relationship between size and
survival in white perch larvae, weekly length—-frequency histograms were

calculated using data from river transect sampling provided by LMS.:

b) Results and Discussion

Standing crops of white perch larvae and juveniles during 1976
(Table IV-37) declined from more than 2 billion in late June to approxi-
mately 4 million at the end of the first year (Figure IV-33). As noted
earlier,'thése'standing crops may be substantial underestimates. Based on
these decliﬁes in s;aﬁding crops, mortality rates were highest during the
larval stages and declined through the juvenile stage. Assuming the same
disfribution and relative catchability from all sizes of larvae and juve-
niles, the rate of decline from the period of peak abundance (late June)v

through mid-December was 3.6% day~l.

Temporal patterns in the abundance of eggs, yolk-sac larvae, .and
post yolk-sac larvae indicated that, as with striped bass, survival within
each life stage differed through the season (Figure IV-34). There were two

distinct peaks for both white perch egg and yolk-sac larval abundance. The
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o Table IV-37

‘ ' : : Standing Crops* of White Perch Larvae and Juveniles,
© 1976, Hudson River Estuary

Week Yolk-Sac Larvae

Post Yolk-Sac Larvae Juveniles Total
4/25-5/1 6,235,000 13,000 6,248,000
5/2-8 25,977,000 1,134,000 27,111,000 -
5/9-15 85,486,000 12,326,000 97,812,000
5/16-22 292,892,000 77,372,000 370,264,000
5/23-29 - 83,922,000 137,918,000 221,840,000
5/30-6/5 60,098,000 30,207,000 90,305,000
6/6-12 116,627,000 442,733,000 559,360,000
6/13-19 149,997,000 1,708,436,000 1,858,433,000
6/20-26 17,723;000 2,080,263,000 2,097,986,000
6/27-7/3 . 663,000 675,509,000 282,000 676,454,000
7/4-10 279,000 205,945,000 1,059,000 207,283,000
7/11-17 - 189,160,000 9,512,000 198,672,000
7/18-24 30,729,000%* 9,214,000 39,943,000
7/25-31 4,992,000 '10,444,000 15,436,000
’ 8/1-7 787,000** 10,484,000 11,271,000 .
' 8/8-14 124,000 10,962,000 11,086,000
8/15-21 8,708,000 8,708,000
8/22-28 6,662,000 - 6,662,000
8/29-9/4 5,749,000 5,749,000
9/5-11° 5,963,000 5,963,000 -
9/12-18 6,238,000 6,238,000
9/19-25 6,367,000 6,367,000
9/26-10/2 - 5,842,000 5,842,000
10/3-9 2,550,000 2,550,000
10/10-16 2,458,_00(_) 2,458,000
10/17-23 3,146,000 3,146,000
10/24-30 4,948,000 4,948,000
- 10/31-11/6 6,072,000 6,072,000
11/2-13 7,651,000 7,651,000
11/14-20 7,063,000 7,063,000
11/21-27 6,681,000 .6,681,000
11/28-12/4 4,402,000 4,402,000
12/6-11 3,627,000 3,627,000
‘ ‘*\dith catch efficiency of sampling gear assumed to be 100 percent.

£33 . . .
‘Geometric mean interpolation from two adjacent weeks

scie i
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Figure IV-33. Relationship between Estimated Population Size and
. Time for 1976 Year Class of Hudson River White Perch
during Larvae and Juvenile Stages

bimodal pattern in the abundance of eggs and yolk-sac larvae suggests two
distinct spawning periods that can be related to the water temperatures
'during'this period, a pattern discussed in detail for striped bass (Sub-
‘section IV.B.3.b.). White Perch post yolk-sac larval abundance showed a
small increase slightly after the first peak in yolk-sac larval abundance
but most pbst yolk-sac larvae were collected following the second peak in
yolk-sac larval abundance. This pattern suggests that larvae from the first
spawn experienced high mortality during the yolk-sac stage and that most of

the individuals surviving to the post yolk-sac stage were from the second

spawn.

Weekly length-frequency histograms for larvae provided further
evidence of high mortality following the first peak in 'spawning (Figure

iV—35). During the period May 2 through 29, few larvae greater than 5 mm
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.were evident even though large numbers of white perch‘eggs were coilected
' during that period. This suggests that the temperature drop to 12°C during

this period was lethal to the developing larvae. 1In June, when water temper-

atures rose steadily and‘many individuals greater than 5 mm were collected,

only a unimodal iength-frequency'distribution was evident.
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Figure 1IV-34. Standing Crops of Eggs, Yolk-Sac Larvae, and Post
‘ : Yolk-Sac Larvae of 1976 Year Class of White Perch

in Hudson River Estuary
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by LMS in River Transect Sampling near Bowline, Lovett,
Roseton and Danskammer Power Plants, 1976
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The pattern in the weekly 1ength;frequehcy distributions for young
white perch in May and June of 1976 was similar to that described for striped
bass (Subsection IV.B.3.c.). However, the size at which mortality appérently
occurred was greaﬁer for striped bass (7 mm) than for white perch. Since the -
traﬁsition from the yolk-sac to the post yoik-sac stage in white perch occurs
at a smaller size (~4 mm) than in striped bass (McFaddeﬁ 1977), this decline
in relative abundance by size apparently coincided in both species with the
transition from yolk-sac to post yolk-sac stage and first feeding. Thus, the
"eritical period" hypothesized by May (1974) could have occurred at this
time, and the extreme mortality experienced by whiﬁe perch could have been
related to lack of available food due to low temperatures. This hypothesis

B is further discussed in Subsection IV.C.3.b.

Estimates of White’perph mortality from the end of the juvenile
stage (Octobef through December) to end-of-the-yearling age (October through
December of the next year) were presented in an earlier report (TI 1977f). |
In that report, an annual mortality rate of 89% (0.6% day~l) was obtained
ﬁsing catch curve analyéis. While mortality rates based on catch-curve
analysis can be severely affected by differences in relative year-class
"strength and catchability_betwéen two age groups (Rigker 1975), this mor-
tality estimate is similar to the estimate of 75% (0.4% day'l) presented in
Central Hudson (1977). The 89% value is also similar to the juvenile
moftality'rate (0.5% day~l) for striped bass (Subsection IV.B.3.b.), a

closely related species.

2) Adults (Yearling and Older Age Groups)
a) Methods

Total annual mortality of yearling and older white perch during
1976 was estimated b§'catch—curve analysis of age-composition data collected
in bottom trawls (16-mm mesh liner in cod-end) from October to December at
the Indian Point standard stations (Section III). The age composition of
‘each sample was weighted by the total catch of each sample.and summed over

the three months.
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A least squares regression technique described the linear relation-

ship
In Nj =a-8¢t
where
N; = number of age-i individuéls collected
a f = constants |
t = age in years
‘ From this regreséion, total annual mortality was determined as
follows:
A= l-e"1
where

A = total annual mortality , v
e = 2.71828..., base of natural logarithm

i = slope (B) = instantaneous mortality rate
' from linear regression In N; =a-8(t)
(see above)

The data for the three years were tested for homogeneity of
variance (Brown and Forsythe 1974) and a common regression line (o] = ay =

a3, B1 = = B.) using analysis of variance (ANOVA).
3, B1 = By = B3) using analysis of

b) Results

The annual moftality estimate for the common regression line was
calculated to be 0.66 (Table IV-38). The null hypothesis of a common
variance and regression line, as tested by ANOVA, for the three years of
white perch catch-curve data (Appendix Table B-40) was not rejected (a =
0.05; F = 2.68 for variance, F = 1.96 for regression). A discussion re-
1ating 1974 and 1975 white perch mortality estimates (Table IV-38) from this
study to estimates from other studies was presented in an earlier report (T1
1978a). The mortality estimates from TI's 1976 study are generally higher
than estimates reported from the Delaware River (0.54 for males and 0.58 for
females) by Wallace (1971), estimates reported from the Patuxent River

estuary (0.55 for both sexes) by Mansueti (1961b), and other estimates
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Table IV-38

Regression Analysis and Annual Mortality Estimates for White Perch
Caught during October-December in Bottom Trawls,
" © 1974-1976, Hudson River Estuary

_ o : Three Years
Parameter 1974 - 1975 1976 Combined

Intercept (o) . 6.08442.  6.01005 7.06477 6.31172
Slope () o -1.17955 }-0.97459. -1.17655 -1.07822

Correlation Coefficient (r) -0.91755 40;97800 -0.98939 -0.93401"
Annual Morté]ity (A) 0.6926 0.6227: 0.6917 0.6598

reported from the Hudson River estuary (0.56) by O and R (1977). A re-
analysis of the data from Wallace (1971:210) on a monthly basis (to coincide
with times of capture in this study), however, showed that the mortality'
rates are similar (0.70 for Wallace vs 0,65 to TI's study [TI 1977g, 1978al).
Differences in mortality estimates can reflect differences in methodoldgy

as well as real differences in-population behavior. The methodology ﬁsed

for TI's study is preferféd because it considers the seasonal change in the
.distribution of yearling and older white perch. There is an appafent con-
solidation of yearling and older white perch in deep water during the fall
and winter and. this is thé_best time to sample the population (see Subsection

"IV.C.2.d.) to estimate mortality rates with catch-curve analysis.

~c. Factors Influencing Juvenile Growth

This section presents the analysis and discussion of factors influ-
encing growth of white perch juveniles in the Hudson River estuary. Since
growth and mortaiity are often interrelated, analysis of factors influencing
growth can provide insight into the mechanisms regulating juvenile white

perch abundance. Estimates of growth for juveniles are discussed and
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related to water temperature, freshwater flow, and abundance of juveniles

during mid-summer.

1) Methods

The procedures used for the analysisbof factors influencing juve-
nile white perch growth are identicdl to those used for juvenile striped
bass presented earlier (Subsection IV.B.3.d.). Weekly mean total lengths-
determined from the beach seine data base for the years 1965 through 1976
(excluding 1971) were regressed against time to estimate instantaneous
growth rates for the July through August period. These estimates of instan-
taneous growth rate were related to juvenile white perch abundance, mean
water temperature and mean freshwater flow during July and August using

partial correlation analysis.

To investigate the effect of environmental factors on larval and
juvenile growth before July and August, estimates of the mean total length
of juveniles on August 1 were predicted from the linear regression of size
and time. These estimates of August mean length were related to mean water
.temperature and mean freshwater flow for May through July using partial

correlation analysis.

2) Results and Discussion

Instantaneous growth rates derived from weekly mean total lengths
for July and August varied from a low of 0.0034 in 1972 to a high of 0. 0222
.1n.1973 (Table IV-39), more than a six-fold difference. The weekly mean
total lengths of July and August (Appendix Table B-24) cover the period of
rapid growth for juvenile white perch as demonstrated in the assessment of
larval and juvenile growth rates during 1975 and 1976 (Subsection IV.C.2.b.).
While the correlation coefficients for the natural yog of the mean length
versus time for white perch weie'substantially lower than those for striped
bass, the coefficients were greater than 0.80 in eight years of the eleven

year study period (Table IV-39).
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Table IV-39

Results of Linear Regression of Natural Log of Mean Total Length and Time
" (instantaneous growth) for Juvenile White Perch during July-August,

1965 through 1976 (excluding 1971), Hudson River Estuary

Inéténtaneous Growth Intercept Correlation Coefficient N _
Year (STope B) (a) (r) (Sample Size)'
1965 0.0154 3.390 0.976 4
1966 0.0164 3.138 0.886 6
1967 0.0160 2.964 0.730 5
1968 0.0133 3.174 1 0.793 7
11969 0.0118 3.475 0.968 7
1970 0.0129 3.387 0.948 7
1972 0.0034 3.436 0.568 5
1973 0.0222 2.909 0.992 4
1974 0.0204 - 2.940 0.989 8
1975 0.0177 3.237 0.986 9
1976 0.0181 2.982 0.992 4

As with striped bass, the instantaneous growth rates of juvenile

white perch during July and August showed little relationship with either

mean temperature, mean freshwater flow, or juvenile abundance during the

same period (Figure IV-36).

The strongest partial correlation was between

growth and abundance (Table IV—AOj r=0.27); however this relationship was

 not significant (a= 0.05).

This weak, positive correlation between abun-—

dance and growth is opposite the pattern described for striped bass although

neither correlation was strong. These results offer no evidence for density

dependent growth in white perch juveniles during July and August. A dis-

cussion of the difficulty in detecting significant relationships between

growth and density was‘presented in Subsection IV.B.3.c.

The mean length of the juvenile white perch population on 1 August

predicted from the linear regression of length and time varied from a low of

31.8 mm (TL) in 1967 to a high of 47.8 mm .(TL) in 1965 (Table IV-41). The

predicted mean length on August 1 showed a strong positive relationship with
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Mean Temperature (°¢) (1 July-31 Aug)
Relationship between Instantaneous Growth. Rate of Juvenile
White Perch and Juvenile Abundance, Mean Water Temperature
and Mean Freshwater Flow during July—-August of 1965-1976

(excluding 1971) in Hudson River Estuary (Data presented

in Appendix Table B-25) -
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Table IV-40

Partial Correlation Analysis of Juvenile White Perch Instantaneous
Growth Rates Versus Juvenile Abundance, Mean Water Temperature
" and Mean Freshwater Flow during July-August, 1965-1976
(excluding 1971), Hudson River Estuary

Variable Correlated with

White Perch Juvenile » Variable held constant Partial ’ .
Instantaneous Growth Rate Through Partial Correlation . Correlation Coefficient (r)
Juvenile Abundance Index - Mean Freshwater Flow 0.2696 (P=0.43)

Mean wafer Temperatdre

Mean Freshwater Flow Juvenile Abundance Index - -0.0739 (P=0.83)

Mean Water Temperature

Mean Water Temperature . Juvenile Abundance Index -0.0321 (P=0.92)

Mean Freshwater Flow

Table IV-41

Predicted Mean Total Length of Juvenile White Perch Population
‘on 1 August, 1965-1976 (Excluding 1971), Hudson River Estuary

Predicted Mean Predicted Mean

Total Length {(mm) Total Length {mm)
Year on 1 August Year on 1 August
1965 47.8 1970 44 .1
1966 38.3 ‘ 1972 ' 34.5
1967 31.8 1973 36.5
1968 36.1 . 1974 35.6
1969 46.6 1975 44 .1
: 1976 34.6

mean May through July water temperatures and a negative relationship with
mean May through July freshwater flow (Figure IV-37). The partial corre-
lation between mean length and temperathre was highly significant (P <0.01);
however the partial correlation between freshwater flow and mean length was
not significant at @ = 0.05 (Table IV-42).’ The relationships between en-
vironmental faqtors and growth in juvenile striped bass and white perch were
quite similar during late spring and summer; both showed strong positive
 re1ationships between mean size on August 1 (reflecting growth during May
through July) and temperature during the early life stages. Because of
these similar patterns and because the two species are closely related, it

is reasonable to hypothesize similar explanations for both white perch and
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striped bass (Subsection IV.B.3.d.). We propose that the time at which the
surviving white perch larvae were spawned was affected by water ‘temperatures '
during May (Subsection IV.C.2.b) resulting in a shorter growing season ‘and

smaller juveniles in»l976 than in 1975. Since,growth of striped bass was

enhance& by elevated temperatures during June 1975, it is reasonable to

assume a similar effect on white perch. Therefore, the significant cor-

relation between mean length on August 1 and temperature during May through

July for juvenile white perch could reflect the effects of .temperature on

both survival and growth during May through July.
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Figure IV-37. Relationship between Predicted Total Length of Juvenile
White Perch on 1 August and May through July Mean Water
Temperature and Freshwater Flow, for 1965 through 1976 ’ :
(Excluding 1971), Hudson River Estuary (Data in Appendix -
Table B-26) ’

sclence services division
Iv-134



Table IV-42

Partial Correlation Analysis of the Predicted Total Length of White Perch
on August 1 Versus Mean Water Temperature and Mean Freshwater Flow
during May-July, 1965~1976 (excluding 1971), Hudson River Estuary

Variable Correlated with the : _
Predicted Total Lengtn of White Variable Held Constant Partial Correlation
Perch Juveniles on 1 August through Partial Correlation - Coefficient

Mean May-July Water Temperature Mean May-July Freshwater Flow 0.7007 (P=0.02)

Mean May-July Freshwater Flow Mean May-July Water Temperature =-0.1727 (P=0.61)

d. Factors Influencing Year-Class Abundance

The relatlonshlp between juvenile white perch abundance
during July and August in 1965-1976 (excluding 1971) and various environ-
mental factors was analyzed using latent root regression (Webster, Gunst,

- and Mason 1974). Latent root regression is a variation of ordinary least
squares linear multiple regression, a\technique commonly used to assess the
relationships among a dependent variable and several independent variebles
(Ricker 1975). Factors influencing white perch year-class strength were
previously analyzed by latent root regression (TI 19785). The advantage of
latent root regression over ordinary least squares regression (the ability
to correct for linear dependencies among the environmental factors) wae
expla1ned in earlier reports (McFadden 1977; TI 1978a). The benefits of
latent root regression as an 1nduct1ve tool and the restrictions limiting
its use as a predictive model are further explained in Subsection IV.B.3.d.

" of this report.

1) Selection of independent Variables

The large number of potentially important independent variables
was reduced by prior selection to maintain an edequate number of degrees of
freedom with 11 years of available data (i.e., a total of 11 observations).
Ricker (1975) suggested that when selecting independent variables, pfefer-
ence be given to those most likely to affect the species directly (as deter-—

mined from previous studies) and to those for which accurate quantitative
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measurements are available over the time period beihg studied. Factors
evaluated for entry in the regression included physical factors (freshwater
flow ‘and ambient temperatures), biological factors (predators and competi-
tors), and the quantity of water used by power plants for cooling purposes

(as an index of potential entrainment and impingement mortality).

_ An initial selection of environmental variables was made in the
1975 Year-Class Report (TI 1978a) and the rationale for the original choice
of these variables was also discussed therein. The data sets for the vari-
ables entered inté that regression, plus the 1976 data points, are preseﬁted
in Table IV-43. Latent root regression on data collected through 1975 re-
tained four variables as important influences on juvenile white perch abun-
dance: striped bass juvenile abundance, May freshwater flow, July fresh-
water floﬁ, and degree rise per day between 16 and 20°C. 0f the three
remaining variables, two (bluefish abundance and June freshwater flow) had
relatively high simple correlation coefficients (r = -0.514 and -0.486 re-
spectively) with juvenile white perch abundance (TI 1978a), but were not

retained by the latent root regression.

These six variables were chosen again for examination in latent
root regression with the 1976 data points included. The seventh variable,
power plant water withdrawal (an index of potential entrainment and impinge-
ment mortality), was also entered into fhe regression, since this reﬁort

concerns potential effects of power plants on Hudson River fish species.

2) Results and Discussion

Four factors were selected by latent root regression as influenc-
ing the abundance of juvenile white perch: May freshwater flow (negative),
June freshwater flow (negafive), striped bass juvenile abundance (positive),
and the days to sPan 16 to 20°C (pegativg; Table IV—44), These factors in
cbmbination explained 51.8% of the variation in juvenile white perch annual
abundance. The facfofs selected are the same as those chosen using ordinary
least squares regression, although the weights in the ﬁredictive equation

are different,(Appendix'Table B-27).
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LET-AT

Juvenile

Table IV-43

Juvenile White Perch Abundance (Dependent Variable) and Environmental Factors
(Independent.Variables) Entered in Latent Root Regression

Juvenile

Bluefish May Flow**

June Flow**.

July Flow** Days to Span

Power Plant Water

Withdrawals

UOIS|AIP S9DJAIOS IDUIIOS

Year White Perch*  Striped Bass*  Index* (£t3) (ft3) (ft3) 16°-20°C (m3 x 103/day}
1965 ©12.69 1.19 0.26 8309 3573 3082 : 13 3143
1966 18.56 8.20 0.00 18406 8270 3674 9 3712
1967 34.33 4.22 0.07 - 17061 6197 5075 10 3712
1968 11.91 1.31 0.15 18487 15707 9795 21 4529
1969 24.21 $30.72 0.08 20913 9995 5430 19 5183
1970 22.19 15.91 0.77 14546 6387 5997 22 5183
1972 4.33 9.23 3.70 40522 29630 18379 ' 15 5183
1973 20.08 28.55 1.28 27603 13053 10390 : 8 12019
1974 6.81 - 9.51 4.7 22965 8791 11784 - 26 14113
1975 25.96 18.27 2.97 19999 12973 7464 ' 15873
1976 25.28 11.28 3.41 31800 15223 15277 20616

*Based on beach seine catch per unit area

**Mean daily freshwater inflow at Green Island Dam, Troy, New York, according to the United States
Geological Survey records.

for riverwide samples from mid-July through August.

&




Table IV-44

Results of Latent Root Regression Analysis of Six Selected Environmental ‘
Factors® on Juvenile White Perch Abundance in Hudson River Estuary,
1965-1976 (excluding 1971)

. Degree of : Sum of Mean
Source Freedom Square . Square £ B_Z_

Regression 3 422 .37 140.79 2.51. 0.518

Error 7 . 392.45 56.06 '

Total 0 _ 814.82.

] .
Regressor Modified T Statistic

Juvenile Striped Bass Abundance’ 1.27
May Freshwater Inflow : ) -2.02
June Freshwater Inflow -1.50
Days to Span 16°-20°C -1.95

Prediction Equation Using Standardized Regressors:

Y = 32i38 + 0.30Xl - 0.00028X, - 0.00027X4 - 0.73%,

" where
Y = Predicted White Perch Juvenile Abundance
X; = Striped Bass Juvenile Abundnace
Xy = May Freshwater Inflow

Xy = June Freshwater Inflow

X4 = Days to Span 167-20°C
Although over ome half of the variability can be explained by the
four factors mehtioned, some random error will always remain. The R2 value
(0.518) and the nonsignificant F statistic (2.51) indicate that either all
important environmental factors were not tested, or that some of the vari-

ables tested influenced abundance in a non-linear fashion.

Three of the four variables selected were the'same as those pre-
viously chosen for the previous 10 years of data (TI 1978a). July flow;
pfeviously‘retained_by the regression using ten years of data, was replaced
by June flow. The simple‘correlation coefficent between July flow and
juvenile white perch abundance declined from -0.626 with ten years of data
to -0.444 with eleven years of data (Appendix Table B-28). The simple
correlation coefficients for the three freshwater flow variables are still
quite high (r = +0.881 for May versus June, + 0.911 for May versus July, and
+ 0.852 for June versus July; Appendix Table B-29). Since May, June and

July flows all have a negative relationship with juvenile abundance, and
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since they are highly correlated,  these léte—spring/early—summer flows are
probably interchangeable in their value for predicting year-class strength

in white perch,

The two variables deleted from the regression were power plant
water withdrawal and bluefish abundance. Power plant water withdrawal was
removed artificially because of the positive relationship for which nd
biological mechanism was evident. Also, the simple correlation coefficient
between power plant watér withdrawal and juvenile white perch abundance was
quite low (r = +0;135) (Appendix Table B-28), and the sign for it had
changed since the regréssion was run with data only through 1975 (r =
-0.011; TI 1978a). These resdlts indicate that the amount of water with-

drawn by power plants was not related to juvenile white perch abundance.

Bluefish juvenile abundance had a lower simple correlation coeffi-
cient with juvenile white perch abundance after the addition of 1976 data (r .
= -0.394 through 1976, Appendix Table B-28; r = -0.514 through 1975, TI
1978). Apbérently, bluefish have influence both on weak and occasional
white perch. Bluefish predation pressure would undoubtedly vary from year
to year depending upon the relative abundance of available species within

the bluefish prey species complex and upon bluefish abundance.

3) Possible Mechanisms for Observed Influences of Selected
Variables

May, June, and July freshwater flow could affect white perch year-
class abundance through the same mechanism or mechanisms each month, or
through different mechanisms operating during different time periods. For
example, a direct effect would occur if increased turbidity impaired sight
feeding by post yolk-sac larvae and juveniles. If one lifestage was more
sensitive to turbidity (e.g. post yolk—sac lafvae), the negative influence
would be. exerted mainly during the peak abundance of that stage. However,
another mechanism (such as siltation and smothering of eggs) may have over-
1app1ng 1nf1uences ‘with peaks at a d1fferent time. Also, if the time of
spawning varies between years due to temperature (which is” interrelated with

flow), then a particular life stage (and the maximum flow rate effect) could
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occur in different months during different years. Freshwater flow could
also have an indirect effect by influencing the abundance or distribution of
food organisms. This indirect effect could work simultaneéusly-with the
direct effects. Mansueti (1961b) noted a negative relationship between
February through May rainfall and the growth of juvenile white.peréh in the
Patuxent estuary, Maryland. The negative correlation in the Hudson River
probably occurs later because white perch in the Hudson spawn at a higher

temperature and at a later date than in Maryland waters (TI 1978a).

The positive relationship between rate of temperature incréase.
from 16 to 20°C and juvenile white perch abundance is the opposite of
temperature—juvenile abundance correlations noted for some oceanic species; -
for the latter, low temperatures and a slow rate of warming are positively

correlated with large year classes (Bannister, et al 1974, Pinus 1974). For

tiulka (Clupeonella delicatula), Pinus states that in years when.thé water
femained between 15 and 18°C for 18 to 22 days, year classes were larger.

In years of rapid warming (about 10 days duration for the 15 to 18°C range)
low abundance resulted; however, 15 to 189C is the optimum temperature range
for tiulka egg survival, and Pinus posﬁulated that a warming beyond this
range would increase egg mortality. Bannister, et al (1974) postulated re;
ducedvpredation intensity at low temperatures, or a better synchronization

" of larQae with food-organism cycles. However, for larval white perch in the
Hudson River, rapid warming between 16 to 20°C probably accelerates growth
and thereby shortens the yolk-sac developmental period. This, in turn,
could result in reduced exposufe to predation and therefore increased larval
survival. A rapid rise in spring temperature could also help synchronize
food organism cycles with the transition by white perch from the yolk-sac to

the post yolk-sac stage, when the larvae first begin to feed.

The positive relationship which exists between the abundance of
striped bass and white perch juveniles could represent either a direct inter-
action between the two species, or a common response to a third variable or
set of variables. One potential direct interaction would occur if the two
species formed part of a prey species complex for predators such as blue-

fish. 1In this instance, high abundance of one species would tend to buffer
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predation on the other, increasing the survival rate for the latter. In-
direct mechanisms could include physical or chemical factors which aid the
survival of both species, or the abundance of a food organism eaten by both
speciés. The early juvenile stages of these two species are Vefy similar;

- thus common food sources would be expected .(Subsection IV.B.3.c.).

_ A working hypothesis for the operation of key factors influencing
white perch year-class strength includés the following: large freshwater
flow dufing May and June reduces the numbers of juvenile white perch through
siltation and smotheriﬁg of eggs, through inhibition of sight feeding by
larvae and juveniles, and by decreasing the abundance of available food

'organisms. A rapid temperature rise from 16 to 20°C shortens the yolk-sac
larval period and reduces the duration of exposure -to predation. A rapid
increase in temperature could also synchronize increases'in invertebrate
food organisms with the development of juvenile white perch. Large year

-classesAof'stripéd bass could buffer juvenile white perch from common preda-
tors and increase survival. Years of high or low abundance are the result

of the interaction of these mechanisms and others not yet tested.

4. Compensation

The white perch ﬁopulation in the Hudson River Estuary appears to
be compensating for power plant mortality. Three arguments are presented
for compensation in Hudson River white perch: (1) density-dependent growth,
(2) the potential decline in stock size due to mortality induced by the
Danskammer and Lovett plaﬁts, and (3) analysis of age structure and age at
maturity. Finally, the alpha-fecundity relationship described in Subsection

IV.B.4. is used to estimate compensatory capabilities in white perch.

Density-dependent growth has beenvdbcumented_in white perch by
Mansueti (1961b) who found large year classes éxhibiting less giowth than -
smaller year classes in the Patuxent River estuary, in Maryland. Texas
Instruments has not described a similar relationship in Hudson River white
perch, poss1b1y because environmental varlatlon easily obscures the rela-

tlonshlp, However, den31ty-dependent growth may play a role in mitigating
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losses in white perch populations in the Hudson River, because Dew (1977b)

described a negative relationship between juvenile white perch. abundance and .
growth from samples collected in. the nearfield afeas of the Bowline and

Roseton power plants.

The poténtial decline in population size from mortality imposed by
Danskammer.and Lovett power plants was calculated for white perch as done in
Subsection IV.B.4. for‘striped bass. A total mortality of 0.8 was assumed
during the period of impingement. Direct impact (conditional mortality
rates) for individual units at Danskammer and Lovett are shown in Table
IV—&SIand are derived from previously published data (TI 1975a). Table
IV-46 shows the behavior of the white perch population with no compensation
‘occurring. A 46% decline in stock size would be expected in the absence of
compensation as a result of the operation of these two power plants alone 7
from 1949 to 1976. The yield pef effort data from the commercial fishery
show a decline, but the data are confounded with yellow perch. catches and
dec11n1ng ‘market value (TI 1975a) so the results of this exercise are some;

what obscured. No decline of abundance is obvious from Juvenlle abundance

indices since 1965 (Subsection IV.C.). However, without compensation the .
populatlon should have shown a continuous decline of 34% from that time till

1976 as a result of Danskammer and Lovett-induced mortality.

Table IV-45

Proportion of Maximum Cooling Water Flow of Individual Units at Lovett
‘ and Danskammer and Associated Impact Based on 1973 Entrainment
and Impingement Data for White Perch

Cumulative Proportion

Year Operation of Maximum Flow Direct
Plant Unit Began for Each Plant Impact
Lovett I 1949 0.08 . 0.0013
Lovett IT : 1951 0.16 - 0.0026
Lovett oonur 1955 0.29 0.0047
Lovett v 1966 O.Gé . 0.0101
~Lovett v 1969 1.00 0.0163
Danskammer 1 1951 0.13 0.0033
Danskammer 11 1954 9.26 0.0066
Danskammer I1I 1959 . 0.60 0.0152
Danskammer Iv | 1967 1.00 0.0254
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Table IV-46

Expected Behavior of a Hypothetical Population of White Perch with
No Ability to Compensate for Additional Mortality due to
Entrainment and Impingement at Danskammer and Lovett

Conditional Plant

Proportion Cohditiona] Plant
Population Surviving " Mortality at Mortality at
Year Size Impact Danskammer Lovett
1949 100 0.9987 ———- 0.0013
1950 99.87 0.9987 - 0.0013
1951 99.74 0.9941 0.0033 0.0026
1952 1 99.15 0.9941 0.0033 0.0026
1953 98.57 0.9941 0.0033 0.0026
1954 97.99. 0.9908 0.0066 0.0026
1955 97.08 0.9887 0.0066 0.0047
1956 95.99 0.9887 0.0066 0.0047
1957 94.90 0.9887 0.0066. 0.0047
1958 93,83 0.9887 0.0066 0.0047
1959 92.77 0.9802 ©0.0152 0.0047
1960 90.93 . 0.9802 0.0152 0.0047
1961 89.13 0.9802 0.0152 0.0047
1962 87.37 0.9802 0.0152 0.0047
1963 85.64 0.9802 0.0152 0.0047
1964 83.94 0.9802 ©0.0152 0.0047
1965 82.28 0.9802 0.0152 0.0047
1966 80.65 0.9749 0.0152 0.0101
1967 78.63 0.9648 0.0254 0.0101
1968 75.86 - 0.9648 0.0254 0.0101
1969 . 73.19 0.9587 0.0254 0.0163
1970 70.17 - 0.9587 0.0254 0.0163
1971 - 67.27 0.9587 10.0254 0.0163
1972 64.49 0.9587 0. 0254 0.0163
1973 61.83 - 0.9587 0. 0254 © 0.0163
1974 59.27 0.9587 0. 0254 0.0163
1975 56.82 0.9587 0.0254 0.0163
1976 54,48 0.9587 0 0.0163

. 0254

IV-143

science services division



Analysis of age composition and age at maturity demonstrates the‘
compensatory reserve in white perch populations as in Subsection IV.B.4.
Hudson River white perch have a substantial number of older fish (Subsection
IV.C.2), indicating no great stress on the population. Only one study has data
on age at maturity of white perch from other systems (Mansueti'l961b); these
data show that white perch females mature in 4 years in the Chesapeake
region compared to five years in the Hudson River population (Subsection
IV.C.2.d). This comparison is subject to the same confounding with the .
north-south gradient in the age at matﬁrity discussed in Subsection,IV.B14.
However, at least physiologically, white perch: can mature'earlier.thanvthey
do in the Hudson River. Age at first reproduction (maturity) is an impof-
tant factor in determining the potential for increase of a population. A
population with a lower age at first reproduction can w1thstand greater

exploltatlon

Alpha, the measure of the population's ultimate ability to compen-
sate for additional mortality was calculated as in SuBsection IV.B.4. A
‘value of 53,647 was used for average fecundity, representing the average
fecundity of 3- and 4-year old fish in<i975-1976 (TI 1977f£). Alpha for this
fecundity, derived from the alpha-fecundity relationship presented in Table
IV-24 is 3.34, representing a moderate potential forAincreése, éxceeded by.6

of the 21 stocks analyzed by Cushing (1971).

To date, the white perch population haé been able to compensate
for the additional mortality due to power plant operation. The expected .
decrease in stock size of 46% is not evident and analysis of age structure
and age at maturity show the population to have the capablllty to compensate

for additional mortality.
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D. ATLANTIC TOMCOD Microgadus tomcod (Walbaum)
1. General Life History

The Atlantic tomcod (Figure IV-38) Belongs to tﬁe codfish family
(Gédidae), resembles the Atlantic cod and grows to a maximum size of approxi-
mately 15 inches in (381 mm) total length (Bigelow and Schroeder 1953). An
aﬁadromous;'inshore, bottom—dwelling species, the Atlantic tomcod inhabits .
cbastal and brackish waters from southefn Labrador to Virginia and exists.
landlocked in several freshwater lakes of coastal Canada. The Hudson River

is the most southern major spawning area for Atlantic tomcod and details

“concerning the biology of the species are lacking for much of its range

(Scott. and Crossman 1973).

Adult tomcod usually ascend estuaries and coastal rivers during
mid-winter to spawn in shallow fresh or brackish water, although some may

spawn in salt water (Scott and Crossman 1973). Fecundities for tomcod

- spawning in the Hudson River during the yéars,l973 to 1976 averaged from

14,000 to 20,000 eggs per female (Section IV.D.Z.e).'VEggs are about 1.5 mm
iﬁ'diaﬁeter, demersal (sinking) and nonadhesive (Mather 1887, 1889). Severai
reports describing eggs as adhesive probably resulted from the stripping of
unripe or over-ripe eggs or‘from misidentification'(Mather 1886). Length of
incubation varies with water temperature; at.a mean of 3.59C, hatching occurs

in 36 to 42 days (Hardy and Hudson 1975).

Figure IV-38. Atlantic Tomcod (Microgadus tomcod), Anadromous

Member of Family Gadidae
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At hatching, yolk-sac larvae (prolarvae) are approximately S5-mm -
lbng and swim in brief Bursts towards the surface, falling back head first
between bursts. By the t ime they reach 7—mmAin length (probably 1-2 weeks
after hatching), the gas bladder is inflated, the mouth and gut are func-—
tional, and the yolk-sac is fully absorbed (Booth 1967). Post yolk-sac .
larvae (postlarvae) feed on zooplankton and apparently drift downstream from
the spawning areas, as indicated by relatively high population densities.

~detected in the channel stratum of the lower Hudson estuary during late

winter and early spring (McFadden 1977).

By mid-spring, most young-of-the-year tomcod have attained the
juvenile form and continue moving downstream, although many are also found
_in the deeper portions of the middle Hudson River estuary (McFadden 1977).
Having evolved as a cold wéter species, tomcod grow rapidly during eérlyi
spring, - feeding mainly on copepods and Gammarus (Ti 1976¢). Juveniles grow
to approximatély_74 mm (TL) by early summer, and then grow iittle, if at all,
until water temperature declines in the fall (TI 1975b). During the summer,
juveﬁile tomcod méy move to deeper, cooler water, (McFadden 1977) which coin-

cides with the upstream intrusion of the salt front (TI 1975b).

With the onset of fall, a general downstream movement occurs‘(TI
1977f), and rapid growth is resumed."Juyenile diets may include a variety of
benthic organisms and small fish, but mainly the crustaceans Gammarus and
Neomysis (TI 1977b). Hudson River juveniles almost double their summer
length by early Qinter when they most become sexually mature adults. ‘Afterﬁ_
maturity, the adults migrate upstream during late December (when they are -
classified as young-of-the-year) or January (when they are classified as
yearlings) to spawn in the shore zone of the middle estuary (TI 1978a).

Since few older fish are collected, the spawning-migration is followed by
what appears to be a final downstream migration for most Hudson River tomcod,
since approximately 95% of the following year's spawning stock is composed of

individuals completing their first year of life (TI 1977f).
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during their first two years of life with mortality being highest in the

The mortélity rate appears to be high for Hudson River tomcod

first year (McFadden 1977). ' Predation by striped bass (Boyle 1969 and juve-
nile bluefish (TI 1967d) may account for subs;antial mortality. Survival of
Atlantic tomcod is also reported to be seriously limited by chemical pol-
lution and low oxygen levels created by waste discharge (Scott and Crossman
1973). Tomcod are harvested commercially.and for sport mainly in Canada

where they are fairly popular in certain regionms.

2. Population Characteristics
a. Growth of Juveniles
1) Methods
Samples of juvenile Atlantic tomcod during May through November
"1976 were collected at approximately two week intervals from bottom trawls.
The mean weight of all young-of-the-year tomcod in a subsample (Subsection
I1I1.C.1) was used for detérmining instantaneous growth rates with the fol-
lowing formula: '
Ln W
e

£ Lnewi

t

where
G = instantaeous growth rate
Wg = final_mean'weight
Wi = initial mean weight

t o= eiapsed time (afproximately 14 days)

2) Results and Discussion

During 1976, the instantaneous growth rate for juvenile Atlantic
t omc od was,Highest in May, declined through the summer and increased in the
fall (Figure IV-39). A similar pattern occurred in 1974 and 1975 witﬁ the
greatest inétantaneous growth occurring in the spring and the lowest occur-

ring in the summer (TI 1976c). This pattern of growth is the fesult of the
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inverse relationship between temperature and incremental growth found for

the 1974 and 1975 juvenile tomcod (TI 1978a). Mean lengths observed during
December for the 1974-75, 1975-76, and 1976-77 spawning seasons indicate that
juvenile growth during these yearé'was similar (i.e. mean total lengths were

within 10 mm for all years; (subsection IV.D.2.b.2).
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Figure IV-39. Instantaneous Growth Rates for Juvenile Atlantlc Tomcod
Hudson River Estuary, 1974-1976 :

iV-l4 8 science services division




‘b. Sex Ratio
1) ‘Methods

The sex ratio of juvenile Atlantic tomcod was determined from sam-—
‘ples of bottom trawl (Subsection III.C.2.) catches collected approximately
weekly from June through Sepfembér. The data wefe grouped by month, and a
Z-value (Steel and Torrie l960)lwas calculated to test if the proportion of

males was different from 0.5 as follows:

7z = P7P
Pq
n
“where
~ .M
p=20.5
q=1-p
n=n, +n, (n, = no. males; n., = no. females)

1 2 1 2

.fDuringfthe 1974-75, 1975-76 and 1976-77 spawning seasons (December through
February) the sex ratio of spawning tomcod was also determined on a weekly
"BaSis‘from box trap (Subsection III.C.l.) catches delivered to the lab for

- biologicél processing. Only data from the river miles 47-56 (KM 75-90), the -
-regiqn with the 1argest catch-per-trap hour (Subsection V.D.2.) were used

for analysis of adult sex ratio.

2) Results and Discussion

From June through September of all years examined, males tended to
be more abundant than females with the average representation by males being
54.0% for all years during this period (Table IV-47). Only during June
(44.5%) and August (48.5%) of 1976 were males less abundant than females.
During 1974 and 1975, the highest percentage of males occurred in June
(59.6% and 60.0% respectiVely) and the peftentage decreased through Sep-

tember. = However, this trend was not observed ddring 1976 when June had
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. Table IV-47 .
Percentages of Juvenile Male Atlantic Tomcod in Bottom Trawl Catches in
Hudson River Estuary, 1974-1976 (Z Values and Probability that the
Percentage of Males Was Greater than that of Females Each Month)

1974 1975 1976 A1l Years Combined

% d" n$ Al pf : 3 d 7 nf Al ot % d nf t p* 3d n¥ Al pf
Jun 59.6 554 4-52‘v.<0«000]' 60.0 '70 1.67 0.0475 44.5 236 -1.69 0.0455 55.5 860 3.23- . 0.0006*
Jul 53.2 - 1096 ~2.12 0.0170 57.5 153 1.86 0.0314 57.2 437 3.01  0.0013% 54.6 1686 3.78 <0.060]*
Aug 5.0 855 2,34 0.0096 53.8 80 . 0.68  0.2483 48.5 235 -0.46 0.3228 52.9 1170 1.98 0.0239*
Sep 55.2 426 2.15 0.0158 . 51.3 226 0.3? 0.3483 50.8 242 0.25 0.4013 53.0 894 1.79 0.0367
Comb 54.9 2931 5.30  <0.0001" 54.6 529 2.12 0.0170 51.5 1150 ].62 0.1539 . 54.0 4610 5.43  <0.0001*

s . . n
fz = P__P_ where p = _nl s, @=1-p, n= n]+n2, p = 0.5, ny = no. males, n, = no. females
¢m .

n

*p = Probability of obtaining a more significant (higher) Z value than the calculated Z Value (Steel and
Torrie, 1960:434) '

*n = Sample size

*Significant at « = 0.05

the lowest percentage (44.5%) of males. In spite of the variability which .

occurred in 1976, these data suggest that male tomcod may slightly outnumber

females as the spawning season approaches.

During the spawning period from December through February, the
ratié of male to female adult tomcod taken in béxtraps has followed the same
péttern during the last three seasons (1974-75, 1975-76 and 1976-77). 1In_
early Decembei males far outnumbered females (Figure IV-40) and the percen-
tage of females increased from eérly December (apprqx. 5%) until early or
mid-January to almost 507 after which percentages of females decreased
sharply to approximately 5% again by late January. In 1974-75 and 1976-77,
females represehted 50 to 60% of the catch during their period of greatest
rélative abundance. However, in 1975-76, females did not exceed 40% of the
catch before their percentages began to decline. The relationship between

catch per hour and sex ' ratio of the catch is presented in Subsection V{D.Z.
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FigurevIV-40. Percentage of Atlantic Tomcod Captured in Box Traps in
~West Point Region (RM 47-56), Hudson River Estuary,
during 1974-75, 1975-76, and 1976~77 Spawning Seasons

The fapidly changing sex ratio in box trap catches during the
spawning season is probably due to different timing of movements onto the
spawning'gfounds by the two sexes. Males apparently arrive first and are
followed in about two weeks by the females. Although no direct evidence is
available, it is believed that a female spends about a week on the spawning
grouﬁds before leaving. This notion is supported By the'short'period.during
which females are vefy abundant (Figure IV-40) and by observations of the
relative abundance of females considered "ripe running", "partially spent",
or_"speht", Males seem to both arrive earlier and remain longer than

females.

An accurate estimate of the sex ratio within the spawning population
is required to estimate the number of eggs spawned during a spawning season.

Direct estimates of that sex ratio fluctuated so much through the spawning
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season that this estimate was judged unreliable. Direct estimates of the .

juvenile sex ratio fluctuated less, so the mean juvenile’ sex ratio (June
through September) was used as a best estimate of the spawning population
sex ratio (TL 1978a). This method provided sex ratios which correspohded in
general with the maximum percentage of females observed during the spawning
period (Figure IV-39). The sex ratio of juvenile tomcod in September was
selected as the best estimate of the séx ratio of the spawning population
since it showed the least deviation over the three years. The September sex
ratios were not statistically different from 1:1. However, if the downward
trend in proportion of males which appeared to occur from June through Sep;
tember continued into December, the proportion of females present in the

spawning population may be underestimated by the September sex ratios.

c. Age and Length Composition
1) Methods

During the 1976-77 spawning season (December through February),

. otoliths were removed from subsamples of tomcod greater than or equal to 150

mm TL (Subsection III.C.1. for subsampling criteria) and used to determine:
age. All fish were captured in box traps between RM 24 and 76 (KM 38 and 22)
(Subsection III.C.1.). Fish were divided into length catagories and the
percentage of each age represented in each category was calculated and com-
pared to the length frequenéy distribution of tomcod tagged and released to

determine the age composition.

2) Results and Discussion

The 1976 year class (age I) represented 91.6% of the 1976-77 spawn-
" ing population; the 1975 year class (age II) contributed 8.4% and the 1974
year class (age III) contributed 0;01%'(Table IV-48). During the 1975-1976
spawning season, 96.7% of the spawning population was composed of ége I fish
(1975 year class) and the remaining 3.3% of the fish were age II (1974 year
class) (TI 1977f). Prior to the 1976-77 spawning season, no age III tomcod
had been collected. The higher percentage of age II tomcod and larger poﬁu—

lation size estimated to have spawned in 1976-77 (Subsection IV.D.3.) can be

explained by a higher survival rate for the 1975 and 1976 year classes.
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‘ ‘ Percentage Length Frequency and Age Composition of Atlantic Tomcod
' ' Captured in Box Traps during the 1976-77 Spawning Season

Table IV-48

fotal 'LENGTH FREQUENCY % of total) - AGE COMPOSITION‘{ of total)
Length Dec = Jan Feb Three Months Age I Age II Age III
Class (mm) 1976 . . 1977 1977 Combined o
-61-70 0.02 0.0 100
71-80 10.01 0.01 100
81-90 0.01 0.01 100
91-100 0.02 - 0.1 0.21 0.06 100
101-110 0.63 1.53 2.83 1.03 100
111-120 4.07  7.67 13.46 5.69 100
121-130 .77 16.18 22.80 . 13.73. 100
131-140 . 18.90 20.68 23.80  19.71 100
141-150  20.19 17.79 16.36 19.25 - 100
151-160 15.81 13.03 9.06  14.59 100
161-170 9.79 8.86 4.18 9,19 100 _
171-180 5.10 5.21 1.77 4.95 97.52 2.48
181-190 2.81 2.96 £ 0.85 2.74 . 89.68 10.32
. : 191-200 1.87 1.57 1.49 1.76 58.06  41.9
201-210 1.91 1.00 0.92  1.58  19.70 80.30
" 211-220 1.88 0.67 1.13 1.47 11.01 - 88.99
221-230 1.71 0.71 0.64 1.34 : 100
231-240 .03 0.55 0.28 0.84 o 100
241-250 0.85 0.51 0.14 0.71 . 100
251-260 0.71 0.47 0.07 0.60 ~ 100
261-270 0.51 0.31 0.42 100
271-280 . 0.26 0.11 0.20 100
281-290 0.10 0.09 0.09 100
291-300 0.04 0.03 | 7718 22.22
301-310 0.01 0.01 » 00 :
311-320 ’ o
Sample Size 15930 - 7498 1412 24840 - 639 678 2
Mean Total 154.5 . 149.9 139.0 152.3

Length (mm)

* 3 months combined; Age I = 11-14 months, Age II =.23-26 months and Age III = 35-33
months assuming January 1 spawning. . o
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d. Age at Maturity
1) Methods

Gonads were removed from juvenile Atlantic tomcod captured during
July through November of 1976 and stored in 10% formalin. The gonads were
later weighted to the nearest 0.0l gram and the percentage of total body
weight represented by gonads was calcuIated, by sex, for each sample’and

plotted against time of capture.

2) Results and Discussion

_ Gonad maturation was first observed in both sexes during October
for the 1976 year class and continued through November when gonads composed
about 18% of the total body weight (TI 1977f).  Data collection into December
of 1974 (TI 1975b) indicated a loss of gonad weight which corresponded to
advanced maturity. It was concluded that‘the'loss of fluid from the gonads
was resulting in erroneous estimates of the gonad weight/body weight index
used to determine age at maturity. Therefore, it was concluded that data
collected through November adequately indicated that age at maturity was 11.
to 13 months. This was similar to results from during 1974 and 1975 data

(TI 1976c¢).

e. Fecundity
1) - Methods

_Atlantic tomcod collected from box traps during the spawning sea-
sons (December through February) of 1973-74, 1974-75, 1975;76 and 1976—77'wére-
examined to determine fecundity. During 1973-1974, whole fish with body wall
‘cut on one side were preserved in 107 formalin. During the following three
spawning seasons, tomcod were subsampled by a stratified random sampling of
length groups (Subsection ITI.C.1l.). Ovaries were removed from fresh fish

and preserved in Simpson's modified version of Gilson's fluid (Bagenal 1971):

The fecundity of each fish was estimated by freeing the egg mass of
ovarian tissue, allowing it to drain and weighing the egg mass to the nearest

0.01 g. A sample of approximately 2 g was removed, weighed to the nearest
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. o | ‘
- 0.01 g, and the eggs counted. The total number of eggs per fish was then

estimated as for white perch (Subsection IV.C.2.c.).

Fecundity estimates (logj(y) were regressed on the total lengths
(1og10). The data were tested for homogeneity of group variance with Levene's
‘test (Brown and Forsythé 1974) and for common regression lines with analysis
of variance (ANOVA). Fecundity estimates (logyg) were also regressed on the
total weights (logjg). The average:number.of eggs per female tomcod during

the 1973-74 spawning season was determined from the following:
- 1, 2 b
F = /n z: aly
i=1i

where

= estimated mean number of eggs per female

a,b = estimates of «, B from length-fecundity
relationship: 1oglo F = log10 a+f log10 L

n = number of females examined during the spawning
season

Li = length of ith female

During the 1974-75; 1975-76, and 1976-77 spawning seasons, a stratified
random subsample was used (Subsection III.C.l1.) and the average number of

eggs per female per length group was determined from the following:

1

1 m
Cpe= B
»F'-"‘ miE aLlJ
j=1
where
. F{ = estimated mean fecundity for length group
i for an individual/ sample

mj = number of females measured in
length group i for an individual sample

: Ljj = length of jth females from ith length
group for an individual sample.

a,b = estimates of a, B from 1éngth—fecundity
relationship: log;g F = logjg® + B logyg L
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The weighted average number of eggs per female tomcod comblned ‘

overall 1ength groups for each sample was then determined by:

2. P F.
7 o izl
8 .
2P
i=1
where '
F = weighted mean fecundity
n = total number of fish caught in the sample

P; = proportion of females measured in -length
. class i; number of females measured in
length class i/number of fish measured
of fish measured in length class i

Since the total number of females per length class was counted rather than
estimated during the 1975-76 and '1976-77 spawning season, Nj, the number of
female tomcod in length class i replaces P; in the above equation for those

years.

The 31mp1e average of the welghted mean fecundities over all sam-
- ples was then determined to estimate the overall mean fecundlty for each of

the latter three spawning season (1974-75, 1975-76, 1976-77) as follows:

1 =
F=EEF

where
F = overall mean fecundity
k = number of samples containing females
F =‘weighted mean fecundity for an individﬁal sample

2) Results and Discussion

No significant difference (a= 0.05) between group variances for
the four yearé of fecundity-length data was found but, the four regression

lines (Figure IV-41) were significantly different from a common line.. Pair-

wise comparisons of regression lines between years demonstrated that 1973-74
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versus 1976~77 and 1974-75 versus 1976-77 did have common lines (o = 0.05;

Table 1V-49). Thus, for the four spawning seasons analyzed, the 1976-77

regression appears to be a reasonable estimate of the relationship between

fecundity-and length for Hudson River Atlantic tomcod.

The fecundity-weight rélationship for the 1976-77 spawning season

had the highest correlation coefficient (r = 0.95) of the four spawning sea-

sons analyzed (Table IV-50). Fecundity and weight data are difficult to in-

terpret when regressed upon each other because a portion of the total weight

is derived from the eggs, resulting in the number of eggs being regressed on

‘their own weight.

Figure IV-41.

100

—_
o

~
Sy

Number of Eggs per Female (x 1000)

1974-75

1973-74

75

50

(o8]
(o)

~n
o

I i 1 | 1

100 A 150 200 250 300 350

Total Length (mm)
Regressions of Logjp Fecundity on Log)g Total Length for
Atlantic Tomcod from Hudson River, 1973-74, 1974-75,
1975-76, and 1976-77 Spawning Season :

IV-157 science services division



g%
| | Table IV-49 | ®
. Probability Levels+t from Levene's Test for Homogeneity of Group Variance

and ANOVA Test for Common Line of Hudson River Atlantic Tomcod Logjy

Fecundity Data Regressed on Logyo Length Data, 1973-74,
1974-75, 1975-76, and 1976-77 Spawning Seasons

Pairwiée Comparisons ' Group Variance Commoh Line

1973-1974 vs 1974-1975 0.231 - ' 0.976"
1975-1976 10.108 1.000"

.  1976-1977 0.910 0,942

1974-1975 vs 1975-1976 v 0.111 0.983"
1976-1977 - 0.849 . 0.940

1975-1976 vs 1976-1977 0.857 ' 1.000*

1973-1974 - .1976-1977 0.608 ].000*

+Prbbabﬂity of obtaining a less significant value; if the probability Tevel
<0.95 then the two lines are not significantly different at the o = 0.05
Tevel

*Significant at « = 0.05

Table IV-50

Regression Résults from Log—Transfprmed Fecundity Versus Weight Data for
Atlantic Tomcod during the 1973-1974, 1974-1975, 1975-1976 and
1976-1977 Spawning Seasons, Hudson River Estuary

. B | Correlation  Coefficient of
Spawning Sample y Intercept Slope Coefficient Determination

Season Size (a) (b) (r) (r2)

1973-1974 49 - 2.67727 ~0.851652 0.899010 ~0.808220
1974-1975 115 ' 2.34134 1.01361 0.908166 0.824766
A]975-]976 80 2.28524 -1.01741 0.937570 0.879038

1976-1977 109 2.52544 0.937932 0.953702 0.909547
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indicated'that.during the 1973-74 and 1974-75 sedsons, the mean fecundity

The average fecundities for the four spawning seasons (Table IV-51)

estimates were very similar (20,226 and 20,053 respectively) but considerably
1afger than the 1975-76 and 1976~77 seasons (14,228 and 16,850 respectively).
Due to the improvement of laboratory and sampling methodologies as well as
irncreased éample size, the estimates for the latter two seasons were con-

sidered to be more accurate than for the first two seasons.

The literature contains little information on Atlantic tomcod fecun-
dity. Schaner and Sherman (1960) reported fecundity estimates for tomcod
caught along the coast of Massachusetts (Table IV-52). 'TI's estimates for

“Hudson River tomcod are close to the December estimates of Schaner and
Sherman, exclusive of one fish 208-mm long (assumed to be total length) from
Massachusetts which had a low fecundity estimate relative to the rest of the
-sample. Scott and Crossman (1973) reported fecundity estimates made by
Vladykov, which are much lower than those presented by TI (Table IV-52). The .
estimates of Vladykov were from'Quebec ahd, with the other fecundity esti-
mates, may indicate an inverse relationship between fecundity and latitude
for a given fish length. Similar relationships have been found by Paulson
and Smith (1977) for Pacific herring, and by Carscadden (1966) for American
shad, where the number of eggs for a female of a given size decreases in more

northern latitudes.

Table IV-51

Mean Fecundities and Mean Total Lengths of Female Atlantic Tomcod
Collected during Four Spawning Seasons, 1973-1974, 1974-1975,
1975-1976 and 1976-1977 in Hudson River Estuary .

Spawning : Mean Sample Mean Total . Sample

Season Fecundity Size » . Length (mm)  Size
1973-1974 20,226 - 83 198.0 77
1974-1975 20,053* 116 - 155.7 - 229
1975-1976 : 14,228* : 80 172.3 608
1976-1977 16,850* 112 A 165.9 .],]64.

*Weighted'mean fecundity.
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Table IV-52

Comparison of Atlantic Tomcod Fecundity Estimates (Eggs Per Female)
from Hudson River, Massachusetts and Quebec

Total ' . ’ i *k Kok T ke

. -Hudson River (TI) Massachusetts . Quebec
Length - Schaner & Sherman Scott & Crossman
(mm) (1973-1974) (1974-1975) (1975-1976) (1976-1977) (1960) (1973)
180 . 14,701 13,946 : 12,165 14,936 6,000
210 2i,744 22,781 20,814 23,407 24,752
220 24,470 263417 24,476 26,806 31,640
221 24,754 26,802 . 24,866 . 27,163 ‘ 29,707
225 25,907 28,377 26,469 28,621 . 19,470
230 ' 27,394 30,433 28,576 30,514 14,000
355 82,468 121,172 129,637 108,110 ) 65,780

* .
Lengths for Hudson River data are total lengths; lengths reported in other studies are assumed to be total lengths

*
* Estimates from linear regressions: 1973-1974, « = -1.55910, ¢ = 2.53914; 1974-1975, o = _3. 03479
= 3.18332; 1975-1976, o = ~3.77224, g = 3.48399; 1976-1977, « = -2.39857, g = 2.97442 )

k% : - .
Each fecundity estimate based on one fish

fOne reported fish (208 mm) not included since fecundity estimate (5,075) was low relative to other fish in report.

3. Population Dynamics

This section describes the population dynamics of larval, juvenilé
and adult Atlantic .tomcod collected in the Hudson River estuary. Estimates
of the relative and absolute abundanqe and mortality rates for Atlantic
tomcod during 1976 are presented. In addiiton, factors affecting growth and

abundance are investigated.

a. Abundance Trends'and Population Estimates

1) Juvenile Abundance Trends

A relative abundance index was developed to determlne the fluctua—
tions in annual abundance of juvenile Atlantic tomcod. In prev10us reports
(T1 1978a), this index was developed from bottom trawl data collected at
four standard station sites in the Indian Point area by Raytheon Company and
Texas Instruments from 1969-1976 (excluding 1971). ‘Atlantic tomcod are

regularly caught in the Indian Point region in interregional bottom trawls
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operated by TI; thus standard station trawls were belieVed to be a represen—
tative sample of the juvenile Atlantic tomcod population. However, in 1976,

a comparisdn of the standard station samples witH those taken from the inter-
regional'trawl which collected samples from RM 24 to 61 (KM 38-98) indicated

that the use of the standard station data underestimated the abundance of

the juvenile tomcod. Therefore, all available bottom trawl data were con-

sideted for the calculation of the abundance index.

a) - Methods
(1) Selection of Index:

From 1973 through 1976, interregional trgwi samples were collected
from the Tappan Zee through Cornwall regions. Hdwever, 1in 1969, 1970, and
1972, sampling was primarily restricted/tb the Croton-Haverstraw and Indian
Point regions (Table IV-53). To determine if a representatiye abundance
index could be derived from these three years of restricted'sampling, a
juveﬁile tomcod index using.bottom'trawl catch data collected between July
and September in the Croton-Haverstraw and Indian Point regions in 1973-1976
were compared to catch data éollected between July and September in the
Tappan Zee through Cornwall regions (Table IV-54). For both data sets,
rankings of the annual abundance indices were the same, i.e., from low to
high, 1974, 1973, 1975, 1976. Bottom trawl data from the Croton-Haverstraw
and Indian Point regions (RM 34-46 [KM 54-74]) for all years 1969-1976
(except 1971) were therefore used for the abundance indices; This extended

the data set to seven years of sampling.

(2) calculation of Index

. Fbr July through September of each year, the catch per tow for
bottom trawl samples collected from RM 34-46 (KM 54-74) was used to calcu-
late the annual index of juvenile Atlanfic_tomcod abundance. No édjustments
were made for differences in tow speed or duration across years for reasons
explained in an earlier report (TI 1977b). - Adjﬁstments were made, however,
to the cétch-per—tow value calculated for the years 1972 and 1973, when
there was no cod-end cover or liner in the trawl net (Table IV-55). Catches

in these two years were adjusted to maximize comparability with other years.
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‘Table IV-53

Geographic Regions of Hudson River Estuary Sampled with Bottom Trawls .
by Raytheon Company and Texas Instruments, 1969-1976 (excluding 1971)

Geographic Region (River Miles)

YK TZ CH P WP W
Year (12-23) . (24-33)  (34-38)  (39-46)  (47-55)  (56-61)
1969 * * * *
1970 * x o«
1972 Lo o *
1973 : * * * % *
1974 Lo . * . o .
1975 * * ) * * -
]976 - * * *. * . *
*Regions sampled

Table IV-54

Comparlson of Abundance Indices (Catch per Tow) in Different Sampllng
Segments Calculated from Bottom Trawl Data Collected from
July-September, 1973-1976, Hudson River Estuary

B CH-IP TZ-CW
Year : Regions Regions
1973 310 ’ - 18.5
1974 9.2 | | | 7.8
1975 4.6 -~ 30.1
1976 : - 78.1 o 76.0

CH = Croton-Haverstraw Region
IP = Indian Point Region

TZ = Tappan Zee Region

CW = Cornwall Region

V-162 o science services division




£9T-AT

Table IV-55

Bottom Trawl Information from Ecological Survey Subsets of Hudson River Historical Data
Analyzed to Calculate Annual Juvenile Atlantic Tomcod Abundance, 1969-1976 (Excluding 1971)

et et e et e e e e S e S s S st | et e et e N N el S i e i N e e

UOIS|AIP SOD|AIOS DOUI|DS

GEAR DEPLOYMENT SAMPLING STATION
Month Tow Tow Tow Identification
Survey Year Sampled Dirensions: Mesh Size Speed Duration Direction Number RM (km)
Raytheon (RAY) 1969 Jun 25-ft (8-m) 1.25-in. stretch About 3 10 min Against the 3 35 (56
studies in Jul semiballoon mesh with 0.25-in.  knots until " flow 4 35 (56
vicinity of Aug bottom trawl; stretch mesh (5.1 fps) 8 Aug . 5 36 - (58
Indian Point Sep doors -36-1in. nylon liner when -6 38 (61
Oct Tong X 17-in. : - changed - 7 38 (61
Nov wide to 7 min 8 39 (63
Dec -9 40 (64
10 . 42 (68
11 42 (68
12 44 (N
13 45 (72
14 47 (76
15 - 40 (64
16 4] (66
1970  Mar 25-ft {8-m) 1.25-in. stretch About 3 7 min Against the 3 35 (56
Apr semiballoon mesh with 0.25-in.  knots flow 4 35 (56
‘May bottom trawl; stretch mesh (5.1 fps) 5 36 (58
Jun doors 36-1n. nylon Tiner 6 38 (61
Jul long X 16-in. 7 38 (61
Aug wide 8 39 (63
Sep 9 40 (64
Oct 10 42 (68
o n 42 (68
12 44 {71
13 45 (72
14 47 (76
15 0 (64
16 41 (66
Texas 1972 Apr 25-ft (8-m) 1.50-in. stretch 3-4 fps 10 min Against the 0-1 35 (56)
Instruments May -semiballeon mesh cod end, no : flow 0-2 3 (53)
(TI) Hudson. Jun bottom trawl; liner 0-3 32. (52)
River Jutl doors 30-in. -0-4 31 50
Ecology Study Aug Tong X 16-in. 0-5 30 248?
) Sep wide 1 43 (69
Oct 2 43 (69)
Nov 2 2 {g8)
Dec 4 42 (68)
5 41 (66)
6 39 (63)
7 40 (64)
15% 38 (61) -
16%- 38 (61)

*Samnled Sep - Dec only




Table IV-55 (Contd)

DEPLOYMENT SAMPLING STATION
Month Tow Tow Tow Identification
Survey Year Sampled Cear Dimmensions Mesh Size Speed Duration Direction Number RM (km)
Texas Instruments 1973 Mar 25-ft (8-m) 1.50-1in. Against
(T1) Apr semiballoon stretch mesh the flow
Hudson River May . bottom trawl cod end, no : -
Ecological Study Jun : ’ liner
Jul - ’ :
Aug .~ Stendard doors 30-in. 3-fps 10 min 1 43 (69)
Sep Stations lona x 16-in. 2 43 (69)
Oct wide 3 42 (68)
Nov 4 42 (68)
Dec 5 4] (66)
6 39 (63)
7 40 (64)
Interreqional doors 48-in. 4-fps 5 min : RM 24-61 (38-98)
Trawls - lona X 30-in.
wide
1974 Mar 25-ft (8-m) : Against
Apr semiballoon the flow
May bottom trawl :
Jun
Jui . :
Aug Standard doors 30-in. 1.50-1in. 3-fps 10 min 1 43 (69)
Sep Stations long X 16-in. stretch mesh 2 43 (69)
Oct Wide cod end and 3 42 (68)
Nov . 0.5-in. stretch 4 42 (68)
mesh liner 5 4] (66)
6 39 (63)
7 40 (64)
Interreaional doors 48-in. 1.50-1in. 4-fps S min RM 12-61 (19-98)
Trawls long X 30-in. stretch mesh
wide cod end and
: 0.50-in. stretch
mesh cod-end
cover
1975 Mar 25-ft (8-m) Against the .
Apr semiballoon flow :
May bottom trawl B
Jun
- Jul .
Aug Standard doors 30-in. 1.50-in. 3-fps 10 min 1 43 (69)
Sep Stations tona X 16-in. stretch mesh - 2 43 (69)
Oct wide - .cod end and 3 42 (68)
Nov 0.50-in stretch 4 42 (68)
Dec ' . mesh liner 5 4] (66)
- 6 - 39 (63)
7 40 (64)
Interregional doors 48-in. 1.50-in. a-fps 5 min ) RM 24-61 (38-98)
Trawls Tong X 30-in. stretch mesh
wide cod end and
0.5-in. stretch
mesh cod-end
cover
1976 Mar 25-ft (8-m) : Against the
Apr semiballoon flow
May bottom trawl !
Jun
Jut
Aug Standard doors 30-in. 1.50-1in. 3-fps 10 min 1 43 (69)
Sep Stations long X 16-1in. stretch mesh 2 43 (69)
Oct wide cod end and 3 42 (68)
Nov 0.5-in. stretch 4 42 (68)
Dec mesh liner 5 41 (66)
) 6 39 (63)
7 40 (64)
Interreaional  doars 48-in, 1.50-1n. 4-fps 5 min - RM 24-61 (38-98)
Trawls : long X 30-in. stretch. mesh
wide cod end and

0.5-in. stretch
mesh cod-end
cover
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Monthly adjustment factors applied to juvenile tomcod catches in 1972 and
1973 were estimated from comparisons of 1974-1976 interregional bottom trawl
catches of juvenile tomcod in the cod end portion of the gear versus cod-end

cover. The monthly adjustment ratios were calculated as follows:

monthly catch in cod end plus cod-end cover -

monthly ratio = monthly catch in cod end

Thevratids calculated from the two biweekly samples within each
month (July, August, September) were averaged for 1974, 1975, and 1976
(Appendix Table B-30) to generate mean monthly adjustment factors that were
assumed to be estimates of the proportional increase in 1972-1973 abundance.
July catches were multiplied by 3.90, August catches were multiplied by 2.33
and September catches were multiplied by 1.87. The total adjusted catch per
tow from July through September was used as the index of juvenile tomcod abun-

dance for 1972 and 1973.

(3) Statistical Analysis of Index

Significant differences in abundance amoﬁg years were determined
using a Friedman distribution-free multiple comparison test (Hollander and
Wolfejl973). Cétch-per—tow for six biweekly intervals from July-September
were ranked over seven years'and the yearly rank sums were compared (Appen—

dix Tables B-31 and 32).

b) Results and Discussion
(1) Abundance Index

Juvenile tomcod abundance varied over the seven years, 1969-1976
(excluding 1971), by a factor of 14 (Table IV-56). After a relatively strong
yeaf class occurred in 1970, abundance indices sharply decreased to rela-
tively weak year classes in 1972, 1973 and 1974, followed.by_a recovery trend
through 1976 (Figure IV-42).. Environmental factors influencing the abundance

of juvenile tomcod are discussed in Subsection IV.D.3{d.
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&

Juvenile Atlantic Tomcod Abundance Index (Catch per tow) from Bottom

Table IV-56

Trawl Collections, RM 34-46, in July-September, 1969-1976
(Excluding 1971) Hudson River Estuary '
No. of Abundance
Year Survey Time Period Tows Index
1969 RAY 6/29-9/27 130 76.6
1970 RAY 6/28-9/26 ]76 125.4
1972 TI 7/3-9/25 98 29.8*
1973 TI 7/1-10/6 - 99 31.0%
1974 TI 6/29-10/4 80 9.2
1975 TI 7/13-10/4** 73 44.6
]976 TI 6/27-10/2 98 78.1°

*Adjusted for trawl used without a fine mesh cod end
liner or a cod end cover

**No sampling during the first half of July

RAY = Raytheon Company

TI = Texas Instruments Incorporated
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o

nificant (@ = 0.05) difference betweén the strong 1970 year class and the

I> (2) Statistical Analysis of Index
The results of the Friedman multiple qomparison test showed a sig—’

weak 1973 and 1974 year classes (Table IV-57). No other significant

(a = 0;05) differences were obtained.

Table IV-57

Results of Multiple Comparison Test of the July-September Annual Indices of
Abundance for Juvenile Atlantic Tomcod, 1969-1976 (excluding 1971),
Hudson River Estuary (Those years between which no significant
(a=0.05) difference exists are underscored by the same line)

1974 1973 1972 1975 . 1969 - 1976 1970

2) Population Estimates

- v'Atlantic tomcod normally spawn in the middle portions of the Hudson
‘ River estuary (primarily West Point to Poughkeepsie regions) during December
and January. During this period, the population is relatively concentrated
énd conditions in the river preveht the use of boats to sample this popula-
~ tionm. ‘As a result, passive‘fishing gear (box traps) used‘during the mark-

recapture program provided the data for the population estimates:

a) Methods

Marking effort in 1976-77 was conducted entirely from 3 x 3 x 6-ft
(1 x 1 x 2-m) box traps set at selected sites from RM 24 (KM 38) to RM 77 (KM>
123) [Subsection II.C.4]. The trap sites were grouped into four regions RM
24-38 [KMV38—611, 39-46 [62-74], 47-61 [75-98], and 62-77 [99-123] for mark--
ing purposes,' Fish were marked from November 15 through March 15 with either
fin clip combinations (unique to each region~time period stratum) or with
Carlin tags (Appendix Table B-33). Marked fish recaptured in. samples from

box trap and impingement collections were recorded.
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The Schaefer estimate for stratified populations (Schaefer 1951)
was used in this study to estimate the size of the tomcod spawning popula- ‘
tion. This method was developed for Pacific salmon spawning stocks to elimi-
nate certain type B (increasing through time) and C (decreasing through time)
errors (Subsection IV.B.3.) commonly encountered when estimating migratory
fish populations. A migrating population may be accessible for sampling at
only a few places along the migration route and unless fhe entire popuation
travels together, there will be a continual emigration of marked and unmarked
fish from a sampling site, and a continual recruitment of unmarked fish
during the spawning run. In this caSe,vemigfation and recruitment would
combine to produce a serious type B error, while incomplete mix{ng in the
‘immediate vicinity of the sampling site may produce type C error. As the
fish mix, the typé C error decreases but type B error becbmes‘more severe so
an unbiased estimate is difficult with standard single or multiple census
- estimates. If the poﬁulation can be sampled at some point:further along its
route, mixing may be sufficient and type C error can be elimihated. The
emigration and recruitment problems are overcome by estimating populations
in the release and recapture regions through time, therefore, marks must be ‘

identifiable as to time of release.

Using this technique the tomcod population was estimated as:

N = R S
N=32 | Ryt R,
1 J
where
N = estimated population size
Mj = number of fish marked in the ith marking period
Cj = number of fish caught and examined in the jth recovery
period » » _
Rij = number of fish marked in the ith marking period and recaptured
'~ in the jth recovery period
Ri = total number of fish mdrked in the ith marking period which
are subsequently recovered
Rj = total number of fish recaptured in the jth»recovery period.
A method of calculating the standard error of N was developed by TI and is _ ‘

presented in Appendix Table B-34.
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To avoid an inherent positive bias, the assumption that individual
fish are available for marking or recapturing during only one time period
must be met, i.e. fish available for marking.or recapture sampling during one
time period will not be available in subsequent periods. A correction for
violations of this assumption was developed by calculating a "resident
fraction" for marked fish remaining in the release region. ' The resident
fraction, Pij, which is analagous to estimates of survival rates from

portions of an age series (Ricker 1975:31), is given by:

k.
> w
_ 3=] '
1] k
2. R
=
where
Pjj = fraction of fish marked in period i which remain in the
marking region in recovery period j
Rij = number of fish marked in period i which are recovered in

the marking region in recovery period j

k = number: of recovery periods

Therefore, for any release group, the resident fraction for a particular
time period is the number of fish recaptured in the release region during
or subsequent to that time divided by the total number of recaptures summed

over all time periods.

The mean resident fraction for each group of releases during the
following recapture period was multiplied by the population ﬁi in the
release area during the release period to estimate the number of fish which
rémained in the release area. This number was then subtracted from the
population in the following period, ﬁi+l, so that only fish arriving in the
release area during the interval are being estimated. The adjusted esti-

mate can be expressed as:

m

>

~

Ne [‘Ni " Pri-ng - M-t ]

for j =1 and

m = number of release periods
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b) Results and Discussion

For the purposes of the Schaefer'population estimate,.release and
recapture regions were defined as RM 47-77 (KM 75-123) and RM 24-46 (KM
38-74) respectively. These regions were similar to those used for the size
estimates of the 1975-76 and 1974-75 -spawning populations (TI 1978b), there-
fore, some difficulty in interpreting the population estimate could result
since fish were moving both upriver and downriver through these regions.
However, the majority of fish were caught in the West foint and Pough-
keepsie regions in 1976-77, i.e.;'within the marking region. They were'qbt

readily caught during the upriver migration.

As in past yeérs, factors contributing to Type A (constant pro-
portional bias; see Subsection/IV;B.S.) errors were not a problem with
Atlantic tomcod. Results of }4—day marking mortality tests revealed no
increése in mortality for fish marked with either Carlin tags or finclips.
Therefore, survival adjustménts were not necessary and immediate tag loss
was not evident. Type A error due to incomplete reporting of recaptured
fish was also considered negligible since recapture samples were taken only
from collections examined by environmental technicians employed by contrac-
tors. Tags are bright yellow and are highly visible. Finclips are also
easily recognized on mature tomcod and unreported recaptures Qere_prpbably

minimal.

_Type B errors, other than those already diécussed, were not read-
ily apparent. Higher mortality of marked fish was not indicated since ‘the
two marking methods, tags and finclips, had similar recapture rates fb: -
almost all release periods (Appendix Table B-35). Since the recapture
rates of the two marking methods were equal it is unlikely that either one.
caused any significant mortality (Ricker 1975). Type II tag loss and fin
regeneration were not recognized as problems since few fish (3) were caught.
with tag wounds and the short duration of the spawning season kept fin

regeneration to a minimal level.

The Type C error (incomplete mixing) was eliminated by using the
separate marking and recovery zones and the Schaefer estimate. The fraction

of the catch which is marked (R/C) was similar for impingement and box trap
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collections in the recovery area, so mixing was assumed to be sufficient.
. : A new Type C error was introduced, because the assumption of temporally dis-
o tinct populations was Violated, i.e. individual fish remained available for
marking or recapture over several time periods (Appendix Table B-36). 1In
. this case, the fish were, in effect, '"counted" more than once and a posi-
‘tive bias was intfoducéd._ The error caused by failure of this assumption
wés reduced by adjusting the estimates of fish in the marking region for
"residence" time within that region. The resident fraction for each release
'period declined continuously aitﬁough sﬁbstantial numbers of fish remained
in the releasé region for several weeks (Figure IV-43), especially for the
earlier release periods. The mean value during a recapturé period of the
resident fraction for the previous release period (Appendix Table B-37) was

used to adjust the marking region population estimates.

"Both the unadjusfed Schaefer estimate (16.2 million) and the ad-
justed estimate (10.4 million) for the 1976-77 spawning population were
much higher than mark-recapture population estimates for spawners in pre-

‘ vious years (Tables IV-58, 59). These 1976-77 estimates agree with the |
higher index of abundance for the 1976 year class derived from bottom trawl
data (Subsection IV.D.3.), the higher box trap catch-per-hour and the wider
distribution of the.spawﬁing stock (Subsection V.D.2.). Thus, all abundance
‘estimate procedures indicated that the 1976-77 tomcod spawning population
was the largest observed in the estuary since 1974. Estimates for the two
previous years, using the unadjusted Shaefer estimate were 3.36 million for
1974-75 and 3.50 million for 1975-76 (TI 1978b). The 1976-77 spawning
population represented an apparent increase of at least a 3.1 fold over

1974-75 (adjusted 1976-77: unadjusted l974—75)>andva 3.0 fold over 1975-76.

b. Mortality Estimates
1) Method

The annual mortality rate for Hudson River Atlantic tomcod during
1976 was estimated by catch-curve analysis. This analysis determines the
rate of change in the logarithm of the estimated number of individuals (the

‘ ' . standing crop) by age (day number). The 1976 mortality estimates were
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Release Period
12/5 - 12/18

12/19 - 1/1

1/2 - 1/15

Resident Fraction
o
o
i

1.0
0.8 |
0.6

0.4 |
0.2

Dec ~Jan

Figure IV-43. Resident Fractions (P;:) for Tomcod Marked in RM 46-77
. 1]

during Each Release Period, December 1976~February 1977, ‘
Hudson River Estuary o _ '
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- Table IV-58

Recoverles of Atlantic Tomcod Marked from RM 47-77 and Recovered from
RM 24-46 Stratified by Marklng Period and Recovery
Perlod 1976-77, Hudson River Estuary’

Recovery Period : Release Period (i) Total Fish = Total Fish

(3) ] > 3 a " Recaptured  Examined

12/05-12/18  12/19-01/01 0]/02—0]/]5 01/16-02/19 Rj*‘ Cj* Cj/Rj .
1 12/05-12/18 3 - ' 3 3860 . 1287
2 12/19-1/1 11 13 . ' 24 7400 308
3 1/2-1/15 3 7 1 1 3551 323
4 1/16-2/19 -3 1 3 1 8 1345 168
‘Total Fish Ri* 20 21 4 1 46 16156
Recaptured ‘ » :
Total Fish Mi 13747 . 17678 17289 7167 55881
Marked
Mi/Ry 687 842 4322 7167

Inc]udes fish captures in TI field sampling and impingement collections at Bowline, Lovett, and Indian
Point Power Plants.

derived using a two phase method, in Contrast to the single phase hethod used
to estimate mortality during 1974 and_l975 (TI 1978a). Phase I of the two
phase method included. the population standing crop on January 1, 1976 as eggs
and the population sfanding crop in May 1976 as larvae and early juveniles.
Phase II included the ichthyoplankton standing crop eStimates from early May
through mid-August and the adult popuiation estimate during the 1976-77

spawning season (December—February).

Egg deposition was estimated by mu1t1p1y1ng the 1975-1976 spawning
populatlon estimate (Subsection IV.D.3.) by the percentage of juvenile fe-
males in the population during September 1975 (Subsection IV.D.2.b.l1. for
discussion) and by the mean fecundity estimate for the 1975-1976 spawners

(Subsection IV.D.2.d.). The spawning population estimate was not adjusted

. for the age II tomcod (3.3% of total) in the 1975-1976 spawning population

(TI 1977f). Standing crops of larvae and juveniles prior to May were not
used because of either inéomplete recruitment of eggs to the gear or the

occurrence of yolk-sac and post yolk-sac larvae outside of the sampling
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Table IV-59 : ' ‘

Estlmate of Number of Atlantic Tomcod in Release Region (RM 47-77)
- ~during the 1976-77 Spawning Season (in thousands)
Based on Schaefer Method

RecoVefy Period (j) Release Period (i)
T 2 3 4
1 : 2652
2 o 2328 3371
3 666 1904 1396 ,
4 346 141 2178 1204
Total N; 5992 5416 3574 1204
| N = zN; = 16,186,000
Standard error of N = 2,608,000

Adjusted Schaefer Estimate

N [5,992.000
+ [5,416,000
+ [3,574,000

+ [1,204,000

0]
0.46 - 5,992,000]
0:505 - 5,416,000]
0.08 - 3,574,000]

10,409,000

area, which would result in underestlmates of - the early lifestages (Sub—
section V.D.1.). The 1976 1977 tomcod spawning population estlmate discussed
in Subsection IV.D.2.d. consists of more than one year class. However, the
1976 year class of tomcod compriséd 91.6% of thaﬁ spawning stock (Subsection

IV.D.2.b.). Therefore, 91.6% of the spawning stock estimate was used as an

estimate of the 1976 year class populatlon size. N : : : .
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A mortality estimate for phase 1 and phase II (separate) was deter—:

mined using the formula:

A: = l_e"bjTj

J
where
Aj = mortality estimate fdr phase j
bbj = iﬁstantaneous mor;ality rate fdr period j
T =»tiﬁe in- days encompassed in phase‘j
e = 2.71828"

Instantaneous mortality estimates (b) were calculated by regressing standing

crop (Appendix'rable B-38) on time as follows:
| loge Np = a + b(t)
where
Ne = es;imated standing crop at time t
a = estimate of intercept

b = estimate of slope; the absolute value of b is
the estimate for instantaneous mortality rate.

t = number of days from January 1

- Total annual mortality was estimated using the formula:

A = 1-(1-Ap) (1-Arp)

where

At

annual mortality estimate

Ar,Ary = mortality estimates for phase I and II respectively

2) Results and Discussion

The ﬁortality rate of Atlantic tomcod during phase I was 99.92%;
during phase II there was a.major shift and the mortality rate was reduced
to 57.80% (Figure.IV-44, Table IV-60). The total annual mortality rate was
99.96% which is very similar to the results of single phase estimates of
total annual mortality from 1974 and 1975 (99.97% and 99.99% respectively
[TI 1978a]). .
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24 . E Phase I Mortality
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Overall Annual Mortality
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Figure IV-44. Survivorship Curvés Based on Standing Crops of Hudson
River Atlantic Tomcod during 1976. Phdse I = January
through May and Phase II = May through December. (E is
predicted egg deposition for the 1975-76 spawning season;
N is.the population estimate for 1976-77 spawning season)

The 1chthyoplankton standing crops (May 1 to mid-August) were
hlghly variable and in all instances the majority of the tomcod population
was found in the two downriver sampling regions, Yonkers and Tappan Zee
(Figure III-1). Since the Yonkers region is only sampled in the shoal areas
(Subsection V.D.1.) and since tomcod prefer the bottom of deeper areas (TI
1977b), ichthyoplankton standing crops are probably underestimates of true
population size. An underestimate would result in a reduced mortality rate
for phase I and an increased mortélity rate for phase II; however, the total

‘annual mortality would not be expected to change'significantly.
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Table IV-60

Regreésion Analysis and Mortality Rate Estimates for Phases I, II and
Overall Annual (both phases) for Hudson River Atlantic Tomcod, 1976

C . Overall
. Phase I Phase II Annual Mortality

Parameter . (January-May) (May-December) Rate
Intercept 23.98935 - 17.434784

(a)
Slope © - 0.051958 - 0.003767

(8) '
Correlation - 0.9333 - 0.213589
Coefficient .

- ()
Mortality 0.99915 0.57797 0.99964

(q)

The two phase method used here is biologically reélistic since
higher mortality rates would be éxpectéd'to occur during early lifestages
(i.e. egg, post yolk-sac) and lower mortality.rates would be‘expected for
the juvenile to édult stages. The total annual mortality for tomcod-was
estimated to be 99!96% and the mortality rates for each phase, while not
believed to correspond to precise time intervals, simulate the expected

decrease in the mortality rate for older fish.

c. Factors Influencing Growth

An analy31s of factors influencing growth is important since
growth and mortallty are often interrelated. Factors of primary interest
‘include freshwater flow into the estuary and watef‘temperature. Therefore,
analysis of these factors can providé insight into mechanisms regulating

the Atlantic tomcod population.
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1) Methods

Mean total lengths of juvenile Atlantic tomcod on July 1, 1969-1970
and 1972-1976; was estimated from available bottom trawl data and used as an
index of annual growth. July 1 was chosen because early season growth is
completed by this date (TI 1977g) and the mean length at this time reflects
larval and early juvenile growth patterns. Also, length data for late summer

and fall were not available for all years since 1969.

‘Mean daily water temperatures (OC) for January through March and
April through June and mean daily freshwater flow (CFS) at Green Island Dam
for January through March aﬁd April through June were each compared using
partial correlation analysis to the estimatés of mean tomcod length on July
1 for the years 1969-1970 and 1972-1976. Partial correlation analysis allows
for the investigation of linear relationships between variables while holding

the effects of other related variables constant (Snedecor and Cochran 1967).

2) Results and Discussion

The mean length of Atlantic tomcod on 1 July showed a direct rela-
tionship with April thrbugh June flow, an inverse.relationship with January
through March temperature, and a weak inverse felationship with April throdgh
June temperatures (Figure IV-45). January througﬁ March- freshwater flow
showed no relationship with mean length on 1 July so this factor was elimi-

‘nated from further analysis.

While none of the partial correlation coefficients were significant
(a=0.05), both April through June flow and January through March tempera-
tures showed a strong enough relationship with juvenile growth to warrant
further consideration (Table IV-61). The positive partial correlation be-
tween Apfil through June flow and growth could be explained by high spring
run off with increased nutrient 1oadiﬁg causing a corresponding increased
food availability in the estuary. The relationship between January through
March temperatures (time period encompassing egg and yolk-sac stages) and

July 1 length does not correspond to any easily discernible direct mechanisms.
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d.

Factors Influencing Year—-Class Abundance

The juvenile tomcod annual abundance indices were compared to quan-

titative variations within a selected group of environmental factors in order

to delineate which of these might influence the survival (or production) of

.. young-of-the-year fish.

Since the abundance index was derived from a

slightly different data base than that described in preVious reports (Sub-

section IV.3.a.), all potentially important variables for which data were

available were screened to determine their potential influences on the

abundance of juvenile tomcod.

- Mean Length on July 1 (mm)
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Figure IV-45. Relationship Between the Mean Length of Atlantic Tomcod
Juveniles on 1 July and Mean January-March and April-June
Freshwater Flow and Mean January-March and April-June

Water Temperature, Hudson River Estuary, 1969-1976
(excluding 1971) '

Iv-179

science services division



- Partial Correlation Analysis of Mean Total Length of Atlantic Tomcod on - ‘

Table IV-61

1 July and Mean April-June Freshwater Flow, January-March and April-June:
Water Temperatures during 1969-1976, Hudson River Estuary

Variab]e‘Corre]ation with
the mean Tength of

Variable held
constant through

Partial Correlation

Atlantic Tomcod on July 1 Partial Correlation Coefficient
April-June freshwater January-March water 0.5062 (P = 0.28)
flow temperature : o

April-Jdune water
temperature
January-March water April-June water -0.5219 (P = 0.26)
temperature temperature ' E
April-dune fresh-
water flow
April-June water April-June fresh- 0.1313 (P = 0.74)
temperature water flow ' '
: January-March water
temperature
1) Methods

Seven years of observations (1969-1976; excluding 1971) were consi-

dered too few to attempt multiple regression analysis. Therefore, the en-

vironmental variables (Table B-39) were examined graphically, and by simple

linear correlation with juvenile abuhdance.

Correlations of r 20.75 at P <

0.05 were considered significant. Correlations of 0.75 > r 20.5 and P <0.25
were considered to be potentially important and are listed in theIAppendix as
relationships that deserve consideration as additional years of data are ob-
tained. Since this report concerns effects of power plants upon Hudson River
fish stocks, the graph and correlation between power-plant water withdrawal |
and Atlantic tomcod juvenile abundance are also presented (Appendix Figure

B-6).

Physical variables examined inCluded_mean.daily temperature aﬁd
freshwater flow during selected months. Temperatufe records were obtained
from the Poughkeepsie Wéter Works and freshwater flows were recorded at Green
Island Dam;'Troy, New York, by the U.S.G.S. Freshwater flow rates and tem-

peratures were examined for December, January, and February because of their .

: 1
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potential impact upon.spawning migration, gonad maturations, egg survival;
and yolk-sac larvae survival (Subsection IV.D.l.). March through August
temperatures and flows were examined for effects upon the larval and juvenile
lifestages. Temperature and freshwater flow during September, October, and
November were not aﬂaleed, since variables during these months were con-
sidered too late to affect an abundance index taken during July through
September (Subsection IV.D.3.a) and too early to affect spawning which starts

in late December (Subsection V.D.2.a.).

Two other variablés were also correlated with juvenile tomcod abun—’
dance. As previouély mentioned, the maximum daily water withdrawal from the
five power plants combined was used as an index of impingement and entrain-
ment mortality. Bluefish abundance was also analyzed since the species is a
‘predator on juvenile tomcod in the Hudson River (TI 1976d) and can influence -

tomcod year-class abundance.

2) Results and Discussion

Only two of the 20 factors analyzed had significant (@ = 0.05)
relationships with juvenile Atlantic tomcod abundance. December and January
freshwater flows wete.negatively correlated (r = -0.816, p = 0.025; r =
-0.783, p = 0.037 respectively) with the annual abundénce index (Figures
IV-46 and 47). The relationships appeafed to be curvilinear, therefore cor-
relation coefficients were calculated using natural log (1n) of both December
freshwater flow (r = -0.852) and January freshwater flow (r = -0.840) as the
independent variable. These correlation coefficients support the hypothesis
that December and January freshwater flows had a negative exponential rela-

tionship with Atlantic tomcod year-class strength.

Atlantic tomcod spawn during December and January in the Hudson
River (Subsection V.D.Z;a.). Although ice conditionms prevented sampling for
eggs, peak abundance probably occurred during'January; Therefore, freshwater
flows during December and January could influence year-class strength either
by affecting the spaﬁning success of the adults or the survival of the eggs.

Mechanisms for the former could include influences in the timing of gonad
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maturation or the spawning run, influences causing reductions in the fertil-
ization percentage through mechanical or ionic interference, or influences

affecting spawning location and thus the location of larvae within the estuary.

‘Evidence for a relationship between freshwater flows, spawning loca-
tion, and year-class strength was obtained by comparing the distribution of
tomcod duriﬁg four spawning seasons (1973-74 through 1976-77) (TI 1978a [Sub-
section V.B.2.e.] and Subsection V.D.2.b.). During the 1973-1974 season when
December and January freshwater flows were highest of thé four (Appendix Table
B-39), the tomcod population spawned farther downstream than in 1974-1975 and
1975~1976 (TI 1978a [Subsection V.B.2.e.]). This downstream spawning location
in 1973-1974 cdrrespoﬁded_to a very low abundance of juveniles in 1974 (Sub-
section IV.D.3.a.). The 1976-1977 population spawned farther upriver than
either of the two previous years, and much farther upriver'than in 1973-1974
(Subsection V.D.2.b.). If spawning location is determined by freshwater flow,
then the December 1976 and January 1977 mean freshwater flows should be lower
than those of the three previous years. Provisional data from the Poughkeepsie
Water Works recorded these mean flows as 14,078 ft3/sec and 7,956 ft3/sec re-
spectively, which 1is considerably lower than the December and January flows
for the three previous years (Appendix Table B-39). These data are consistent
with a hypothesis that adult tomcod tend to spawn some distance above the salt
wedge, and if high January freshwater flow causes a downstream displacement of
spawning, then larvae may not be in an optimal habitat when they hatch, and

subsequent survival and year-class strength may be low.

High freshwater flow could affect egg survival through smothering
by siltation, or by displacing the eggs downstream. Since tomcod eggs are .
non-adhesive when ripe (Subsection_IV.D.l.), they can be transported by the
current and larval development, in some years, may océur downstream in perhaps

less suitable habitats.

Variables which were potentially important (r less than or equal to
0.75 and greater than or equal to 0.5) to juvenile tomcod abundance included
_Fébruary temperature (r = +0.619, p = 0.138), April freshwater flow (r =
‘+0.612, p = 0.144), June temperature (r = +0.615, p = 0.142), and bluefish
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abundance (r = -0.637, p = 0.124) (Appendix Figures B-2 through B-5). These
relationships may become significant as additional years of data become avail-
able for analysis. All the other environmental variables tested had correla-
tion coefficients of r less than 0.500 and p >0.250. Power plant water
withdrawal was apparently not related to annual juvenile tomcod abundance (r =

—0.264,'p_= 0.567) (Appendix Figure B-6).

4. Compensation in Atlantic Tomcod

Virtually no population studies on Atlantic tomcod are available for
comparison with the Hudson River populatioﬁ. In the Hudson, the population
may be viewed as an annual crop with few fish surviving to the second year
(Subsection IV.D.). All females mature in the first year.of life, so changes
in age at maturity cannot realistically be considered a potential compeﬁsatory

N

mechanism in Atlantic tomcod.

Impact due to impingément and entrainment of toﬁcod at Danskammer
ahd Lovett has not been estimated,vtherefore, no analysis of bredicted decline
comparablé to thé'analyses Completed for striped bass and white perch is pos-
sible (Subsections IV.B.4. and IV.C.4. respectively). Entrainment impact
estimation is not possible because tomcod spawn in winter when ichthyoplankton
sampling‘is impossible. Potential impact of these two power plants (witﬁout
compensation) 1is probably on the same order as the values calculated for
striped bass and white perch (Subsections IV.B.4. and IV.C.4.), particularly
at Danskammer in 1973, er example, where Atlantic tomcod represented 767 of

the total number of fish impinged (LMS 1973).

Analysis of relative compensatory abilities through the fecundity-
alpha rélationship (Table IV-24) revealed.that tomcod, with an average fecun-—
dity of 15,539 eggs per female (average of the 1975-1976 and 1976-1977 values)
(Subsection IV.D.a.) had an alpha of 2.48, the lowest of the three species
examined. This value of alpha may be misleading in not reflecting the ability
of the tomcod ﬁopulation to compensate for additional mortality. Eberhardt

(1977) has shown that
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where

r = the maximum intrinsic rate of increase-

Cole (1954) has demonstrated that age at maturity is an important component of
the intrinsic rate of increase. The relatibnship between alpha and fecundity
described in Table IV-24 ignores the contribution of that component (age at
maturity). 'As stated previously, Atlantic tomcod mature in their firs: year
of life, so the fecundity alpha is not directly comparable to striped bass and
white perch, wﬁich-mature at later ages. Therefore, ﬁsing the fecundity-alpha
approach with Atlantic tomcod probably underestimates the true alpha as an

estimate of compensatory ability.
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SECTION V
DISTRIBUTION, MOVEMENTS AND EXPOSURE TO POWER PLANT IMPACT

A. INTRODUCTION

The distribution and movements of the early life stages of striped-
bass, white-perch, and Atlantic tomcod in the Hudson River estuary affect the
exposure (vulnerability) of these species to entrainment and impingement at
the power plants. The term exposure is used herein to describe the suscepti-
bility of a populétion to mortality due to the effects of power plant opera-
tion. The power plants (Bowline, Lovett, Indian Point, Roseton, Danskammer)

are located between River Mile (RM) 37 and 66 and (Kilometer [KM] 59 and 106).

Sampling programs were conducted from RM 12 to 152 (KM 19 to 243)
to determine locations and sizes of fiéh_pOpulations. If a large proportion
of a population inhabit an area near a power plant, the exposure of that
population to the influence of the plant can be high, depending on other
factors which affect the likelihood that individuals of the population would
be entrained or impinged. If a small proportion exist near a plant, ekposure
of the population to entrainment and impingement is low. The behavidr and
.charactefistics;of each life stage, migration within or through the study
area, and the location of plant intakes (relative to flow characteristics in
the cooling water body) are examples of other variables that must be con-
sidered in assessment of exposure. If éxposurevassessments_were based solely
on distribution without considering these factors, actual eiposu:e could be
over or underestimated. The purpose of this section is to review the dis-
tribgtion of striped bass, white perch, and Atlantic tomcod in the estuary
and to assess the exposure of these species to entrainment and/or impingement

at the five power plants.

"Since juvenile and/or yearlings represent the overwhelming majority
of fish impinged, the exposure of two-year-old and older fish is not dis- '

cussed, but distribution and movements of these 1ife stages are described.
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Data collected by Texas Instruments (TI) and presented in this ‘
section were gathered during the Atlantic Tomcod, Ichthyoplankton, Fall
Shoals, Beach Seine, Winter Box Trap, and Interregional Bottom Trawl surveys,
as well as the Adult Striped Bass Stock Assessment Progfam Each survey was
de31gned for a specific purpose, and some surveys are more relevant than
others in discussions of the distribution of different species and life
stages. Data concerning the egg and larval stages of striped bass, white
perch, and Atlantic tomcod were collected during the Atlantic Tomcod and
Ichthyoplankton surveys. Juvenile and yearling striped bass and the older
stages of white perch and Atlantic tomcod were collected in the Beach Seine,
Fall Shoals, and Interregional Bottom Trawl surveys. Data on the distribu—
tion of two-year-old and older striped bass were collected during the Stock
Assessment Program. Add1t10na1 data concerning spawning migrations of mature
Atlantlc tomcod were gathered during the Winter Box Trap Survey when other
collection methods were impractical. Sampling methods are described in

detail in Section III.

The distribution of striped bass, white perch and Atlantic tomcod
eggs, larvae, and juveniles in relation to temperature, conductivity; and
dissolved oxygen (D.0.) was examined using data collected from 1974-1976.
These physicochemical variables were measured concurrently with each sample
(Subsection III.E and Appendlx Figures C-2 and C-3). Catch data, separated
by life stage and gear, were analyzed with respect to the eorresponding water
quality variables in two ways: the range of physicochemical values in which
eech life stage occurred and the values at which the greatest catch/effort
(highest density) wae made. Other values of the same physicochemical faeter
in which high larvae catches occurred are not necessarily distributed symmet-
rically around this highest density; therefore, it is only an indication of
where the hlghest catch/effort of the fish occurred in a range of values for
a parameter. 1In some instances, catches at the hlghest density are slightly
higher than catches occurring at another, separate value within a range.
Instances in which the second highest density peak is at least 25% as large

as the highest density have been designated a "first minor peak" as:
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Highest

Density First
Minor
Peak

Catch/effort for one species

Physicochemical factor

Data collected by TI and othér contréctors (New York University;
Ecological Analysts Inéorporated; Lawler, Matusky, and Skelly Engineers) in
the immediate vicinity of the powér plants (nearfield data) are presented in
discussions of vulnerability of the three key species to entrainment and im-
pingement at the plants. Data from nearfield studies are compared with TI
estimates to determine whether the abundance of fish in the immediate area of
fhe plants varies from abundance within the expanded plant regions defined by

TI.

Discussions 6f the general distribution of egg and larval stages
are divided into two or three sections: geographic (spatial) distriBution,
temporal distribution, and distribution and movements in the Indian Point
plaht region. The geographic and temporal distribution subsections are short
discussions of the estimated regional standing crops and densities for each
life stage of striped bass, white perch, and Atlantic tomcod. Included in
the discussions are. the geographic range and time span occupied by each
species and life stage as well as the regions and sampling periods containing
the highest standing crops or densities. Since the species and life stages
within each species differ in abundance in the estuary, terms such as "high"
and "low" are relative and their use in reference to each is based on dens-
ity, catch-per-effort, and standing crop estimates (Appendix Tables c-1,2,

4,5,7,8,10-17,29-32,34,35,37-45,48,56-70). Additional information on the
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length frequency of striped bass post yolk-sac larvae and juveniles is

presented in Appendix Tables C-18 and C-19.

The estuary was divided into upriver, middle, and downriver aréas
(McFadden 1977) for distribution discussions. The Hyde Park through Albany
regions represent the upriver area RM 77-152 (KM 123-243), the Yonkers
through Croton-Haverstraw regions represent‘the downriver area RM 14-38 (KM
22-61), and the Indian Point through Poughkeepsie regions represent the ’
middle area RM 39-76 (KM 62-122). For river mile boundaries of the sampling

regions see Figure III-].

. Trends in distribution of striped bass and white perch from 1974
through 1976 and Atlantic tomcod from 1975 and 1976 are dlscussed in terms
of distribution indices. The indices were computed by summing estimated
standing crops for a time period or region, dividing the sum by the total of
the estimated standing crops for all sampling periods and regions, and mul-
tiplying By 100. The higher the resulting index value, the more abundant the
organisms were in a particular region or sampling period relative to the

surrounding regions or sampling periods during the same year.

Distribution and movement of eggs and larvae in the Indian Point
area were analyzed using analysis of variance techniques (Appendix Tables
€-3,6,9,33,36) on data collected by New York University during 1976 at seven
standard'(Figure V-3) stations between River Mile 39 and 44 (Km 62 and 70).
Significant effects and interacfions were broken down into their components
to fac111tate 1nterpretat10n through use of Newman—Keuls test (Mlller 1966).
These analyses did not include strlped bass post yolk—sac 1arvae because the
statistical model failed to explaln a significant proportion of the observed
distributional variation. White perch eggs and all life étages of Atiantic

tomcod were not collected in sufficient numbers for ‘analysis.

The movements of juvenile and older fish within the estuary are
also described. Special attention is given to movements to and from the |
shore zome, movements associated with spawning activity, and other seasonal
vmigration up and downriver. Movement between regions is analyzed from the

results of mark-recapture programs.

V-4 science services division




Descriptions of expésure.are based primarily on the abundance of
each life stage within each of five plant regions, defined as the areas 6.5
miles up and dbwnrivgr froﬁ each powef'plant‘since maximum tidal excursion in
the estuéry is about 6.5 miles. An exposure index was developed to illus-—
trate trends in exposure of eggs, yolk-sac, and post yolk-sac larvae using
data collected in 1974, 1975, and 1976. The index was computed by summing
the standing crops of a given life stage and species within each plant region
over selected sampling periods during a given year. This sum was then divided
by the total of riverwide standing crops for thé same periods. Only those
sampling ﬁeriods in which the life stage in question was abundant were in-

cluded in the analysis.

Data collected by other contractors near the power plants are also
considered in assessment of exposure. Discussion of juvenile and older fish
is augmented with impingement data collected at each of the plants. Other
data, literature, and observations are included in exposure discussions when
they are relevant to the spécies and power plant being discussed. Overall
exposure of each life stage of each species is assessed in view of all these

considerations.

B. STRIPED'BASS
1. General Distribution and Movements of Early Life Stages
a. Eggs
1) Geographic Distribution
‘a) Distribution during 1976

Striped bass eggs were collected from all 12 river regions during
1976. Densities over 50 eggs/1000 m3 (in most instances, regional densities
were less than 10 eggs/1000.m3) were encountered in the Indian Point, West
Point, Hyde Park, Kingston, and Albany regions, indicating dispersed spawn-
ing activity by striped bass. Most spawning occurred in or neéar the Indian
Point and West Point regions because the highest proportion of the estimated
standing crops of eggs was found in either of these two regions during most

sampling'periods (Table V-1). Considerable spawning activity may also have
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Table V-1

Percentage of Total Standing Crops of Striped Bass Eggs in
Twelve Geographic Regions of Hudson River Estuary during
Each of Eight Sampling Periods, May-June 1976

Sampling Date

May 3 May 10 May 17 May 24 Jun 1  Jun 7. Jun 14 Jun 21 .

Geographic - - - - -

" _Region May 5 May 13 May 19 May 26 Jun 4 Jun 11 Jun 17 Jun 24
YK * <0.1 0.4
1z . o ] 0.7 0.5
CH 3.1 8.5 1.1 0.7 0.1
P _ 5.5  .39.5  26.5  46.5  10.4 z.é S7.5 0 1901
WP 48.0 541 13.6 19.7 57.9 29.0 40.4 78.3
CW 0.4 0.9 2.9 1.1 6.2 33.4 6.2 2.6
PK 1.2 4.5 2.5 2.1 9.0 31
HP 0.9 13.5 1. 6.3 0.7 10.4
K 0.3 19.4 2.1 12.8 1.7
SG 0.4 6.7
cs 1.6 223 2.7 165 4.3
AL 8.4 2.7 0.9

Total (%) 99.9 100.0 100.0 100.00 100.00 99.9 99.§ 100.0

Total Standing ’ )
Crops (Thousands) 3756 48459 76139 25558 17295 26191 3282 460

*No entry indicates no eqgs collected

occurred in the seven regions upriver from West Point. Those seven regions
contained over 30% of the standing crops during the mid-May through mid-June

periods, while the regions below Indian Point contained less than 10%.

b) Trends in Distribution (1974, 1975, 1976)

Patterns in the geographic distribution index of striped bass eggs
(Figure V-1) were similar from 1974 through 1976, though some variation oc-
curred between years. The distribution index for each of the three years was
highest in the Indian Point and West Point regions, and declined in the re-
gions immediately up and downriver. During 1974 and 1976, secondary peaks
were present in the Kingston region,.and in 1976, a third peak occurred

farther upriver in the Catskill region. The highest index values for any
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Figure V-1.  Trends in the Geographlc Distribution of Strlped Bass Eggs in
’ Hudson River Estuary, . 1974 1976

year were found during 1975 in the Indian Point and West Point regions indi-
cating that eggs were more concentrated in those regions during that year

than either 1974 or 1976.

- 2) Temporél Distribution
a) TDistribution during 1976

.Eggs were collected from early May through late June. Standing
crops of eggs increased to over 75 million two weeks after thé first eggs
were collected and then declined gradually until spawning ceased in late
June (Table V-1). Densities were greatest during the three sampling periods

between Méy 10 and May 26 when most spawning occurred.

b)  Trends in Distribution (1974, 1975, 1976).

The highest temporal distribution index occurred in mid-May during
1974, 1975, and 1976, but distribution varied befween.years in other respects

(Figure V-2). Since the points in Figure V-2 represént the midpoint of each
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Figure V-2. Trends in Temporal Distribution of Striped Bass Eggs in Hudson
River Estuary, 1974-1976

sampling period, and since sampling was .not continuous (most sampling periods
lasted three or four days and the next period began three or four days later),
the precise date of the peak spawning periods may vary from that shown. No
striped'bass eggs were collected before the end of April or after the end of
June during the three years. Indices from 1974 and 1975 have only a mid-May
peak, and in 1976, a secoﬁdary peak occurred in early June. Most spawning
activity during 1974 and 1975 was compressed into a short time period compared

to 1976.
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Figure V-3. New York University Indian Point Nearfield Study
Sampling Sites during 1975
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3) Distribution and Moveménts in Indian Point Area, 1976

Analysis of variance of the distribution of striped bass "eggs in the
Indian Point area during one sampling period (Appendix Table C-3) detected dif-
ferences (P less than or equal to 0.05) due to the depth and sampling station.
Analysis of the sampling stétion effect indicated no overall pattern in egg
densities (Figure V-4); denéities at station A (farthest upstream) were sig-
nificantly higher than at station F (farthest downstream). The difference may
have been due tovtidal action, local currents, or the proximity of station A
to areas of spawning activity. Egg density was higher near the bottom than
near the surface, but the density at mid-depth was not significantly different
from surface and bottom densities (Figure V-5). This analysis confirms the
observations described in earlier reports (McFadden 1977) that striped bass

eggs tend to be distributed near the bottom.

0.6
>
@ 0.5
3
5 0.4]
S |
LE_ .
S 0.3
P
S 0.2
|_
s 0.1
=
AL B ¢ D E F g
Sampling Station
A B C D E F G
E_o_. 653 [0.582  0.260 0190 0.227 0.079 1 0.446 ] |

Figure V-4. Distribution of Striped Bass Eggs among Seven Sampling Stations
in Indian Point Area and Results of Newman-Keuls Test (No Sig-
nificant Difference [p greater than 0.05] Exists between Any
Two Members of a Grouping; Values Are Mean Transformed [VX]
Densities, Indian Point Study, New York University, 1976)
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: and Results of Newman-Keuls Test (No Significant Difference
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Grouping; Values Are Mean Transformed [VX] Densities, Indian
Point Study, New York University, 1976)

b. Yolk-Sac Larvae
1) '~ Geographic Distribution
a) Distribution during 1976

Striped bass yolk-sac larvae were collected in every region within
the study area but were never abundant in the farthest upriver region (Aibany)
bor the farthest downriver region (Yonkers). Densities greater than 100 yolk-
sac larvae/1000 m3 (in most instances, regional densities were less than 30
yolk—-sac larvae/IOOO m3) were found during at least one sampling period in the
. regions from Indian Point through Hyde'?ark (RM 39-85 [KM 62-136]). During
the three sampling periods (May 17-19, June 7-11, and June 14-17) when stand-
ing crops for the study area were greater than 100 million yolk-sac larvae,
‘ - the largest proportions of the standing crops occurred in the Indian Point,

West Point, and Poughkeepsie regions (Table V-2).
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Table V-2

Percentage.of Total Standing Crops of Striped Bass Yolk-Sac Larvae
in 12 Geographic Regions of Hudson River Estuary
during Each of 10 Sampling Periods, May-June 1976

Sampling Date

Jun 7 Jun 14 Jun 21 Jun 28 Jul 26

May 3 May 10 May 17 May 24 Jun 1
Geographic - - . - - - - - - - - -
Region May 5 May 13 May 19 May 26 Jun 4 Jun 11 Jun 17 Jun 24 Jul 1 Jul 29
YK * 0.5 3.2
1z 3.4 18.3  46.0 0.8 2.0 1.1 100.0
CH 25.4 8.3 19.9 3.1 2.8 2.3 0.6
Ip 19.7 337  20.8 188 147 17.0 23.2 20.4
WP 7.6 20.4 7.7 120 169 237 7480 68.1
W 100.0  11.9 6.7 1.6 11,5 1.2 11.1 1.1 1.5
PK 0.6 10.6 0.9 43.5 35.2 22.7
HP 1.4 0.9 6.0 8.4  14.6
3 0.5 3.6 2.0 4.6
S6 0.7 6.3 2.6
cs 0.4 1.4
AL <0.1
Total (%) 100.0 100.0  99.9 -100.1 100.0 99.9 100.0 100.0  100.0  100.0
Total Standing C
Crops (Thousands) 59 1733 116399 18150 47796 100651 152272 15034 260 33

.
No entry indicates no yolk-sac larvae collected

b) Trends in Distribution (1974, 1975, 1976)

The geographic distribution indices of striped bass

showed minor differences from 1974 through 1976 (Figure V-6).

yolk-sac larvae

The geograbhic

indices for 1975 and 1976 were similar, exhibiting a broad peak in the Indian

Point and West Point regions, but a second peak in the Poughkeepsie-region

was more pronounced in 1976 than in 1975.

During 1974, the Indian Point-West

Point peak was absent and the Poughkeepsie peak predominated. The index

value was greater than ten (in most instances the index value was less than

five) in only the Indian Point through Poughkeepsie regions, indicating only

limited displacement of yolk-sac larvae from the areas of péak egg concen-

tration.
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Figure V-6. Trends in Geographic Distribution of Striped Bass Yolk-Sac
Larvae in Hudson River Estuary, 1974-1976

2) Temporal Distribution
a) Distribution during 1976

Yolk-sac larvae were first collected in early May and most had
transformed to the post yolk-sac stage by early July. Two peaks in larval
abundance occurred during the. season, one in mid-May, and the other in mid-
June; standing crops in the study'aréa were greater than 100 million yolk-
sac larvae during these periods. As expected, peaks'in the abundanée of
yolk-sac larvae occﬁrred'concurrently with or shortly after peaks in the
 abundance of striped bass eggs, but the major mid-June peak in the standing

crop of yolk-sac larvae followed a minor peak in egg abundance.

b) Trends in Distribution (1974, 1975, 1976)

The temporal distribution index of yolk-sac larvae differed from
year to year (Figure V-7). The 1974 index exhibited three peaks, two in
1ate—May-and the iast in mid-June. In contrast, the 1975 index showed one
predominant peak in laté.May,.then declined precipitously in early June.
During 1976, the index peaked twice, earlier in May and later in June than

either 1974 or 1975. These differences may be due to environmental factors,
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Figure v-7. Trends in Temporal Distribution of Striped Bass Yolk-Sac Larvae
in Hudson River Estuary, 1974-1976 .

particularly water temperature which affects spawning activity and rate of
development. The lag which existed between the May peak in the temporal in-
dex of egg distribution and the June peak .in the temporal index of yolk-sac
larval dlstrlbutlon during 1976 may indicate the loss of large numbers of _
yolk-sac larvae to some unknown source of mortality in late May (Subsectlon
Iv.B.3.b. ). The minor early June peak in the temporal distribution 1ndex for
striped bass eggs (Figure V-2) apparently led to the observed maJor peak of

yolk-sac larvae in m1d-June

3) Distribution and Movements in Indian Point Area

One effect (relative depth) and two interactions (day/night x sam-
pling period and station x sampling period) were significant  in the‘anaiysis
of variance (Appendlx Table C-6) of the distribution of strlped bass yolk-sac

‘larvae in the Indian Point area during 1976. Like eggs, the yolk-sac larvae
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N2
were more numerous near the bottom than near the surface (Figure V-8). Analy-
. .sis of 1975 data (McFadden 1977) showed a day/night difference in depth.dis-'
tribution which was not evident in 1976. The day/night x sampling period
interaction (Figure V-9) showed that more yolk-sac larvae were usually col-
lected at night than during the day, suggesting avoidance of the 0.5-m nets
during daylight. In three of the fivé sampling periods, the.differences
between day and night densities were not significant. Analysis of a second
interaction, station x sampling period (Figure V-10), showed that the only
l . difference was in the fifth sampling period (Juné 15-17) at Station A where
the density of yolk-sac larvae was greater than at any other combination of
sampling period and station. The reasons for this result are unknown but

could have been related to tide and current conditions.
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Figure V-8. Depth Distribution of Striped Bass Yolk-Sac Larvae in Indian
: Point Area and Results of Newman-Keuls Test (No Significant
Difference [p greater than 0.05] Exists between Any Two Members
of a Grouping; Values Are Mean Transformed [VX] Densities,
‘ Indian Point Study, New York University, 1976) :

v-15 ' science services division



0.2

o
—

Mean Transformed
Density

0.0

Day

Night

Day
i Night
L
May 17 May 24 Jun ] Jun 8 Jun 15 -
May 20 May 27 Jun 3 Jun 10 Jun 17 -
May 17 May 24 Jun 1 Jun 8 Jun 15
May 20 May 27 Jun 3 Jun 10 Jun 17
.--.naao.u.cou.-ooon-ocooaot~. seseesessens e
0.094 : 0.054 10.096 |:,0.232° 7
9 .3 M :l' :
Seesusconscensed X - 1 '
: e e e e _ _ _ %%c*ecsssccarse
r0.2351 : 0.096 (0.154 0.193 0.193
| o S Rl S

Day/Night Distribution of Striped Bass Yolk-Sac Larvae during
Five Sampling Periods in Indian Point Area and-Results of
Newman-Keuls Test on the Day/Night x Sampling Period Interac-
tion (No Significant Difference [p greater than 0.05] Exists

between Any Two Members of a Grouping; Values Are Mean Trans-
formed [VX] Densities,
1976)

Indian Point Study, New York University,

Jun 15
Jun 17

0.449
0.230
0.136
0.190
0.177
0.222
0.083

/

May 17 May 24 Jun 1 Jun 8
May 20 May 27 Jun 3 Jun 10

A 0.246 0.082 0.127 0.193

c B 0.257 0.014 0.127 0.112

‘.‘9__ c 0.123 0.112 0.084 0.226
5 ] 0.091 0.110 0.097 0.148

E 0.100 0.096 0.074 0.152

F 0.082 0.191 0.064 0.106

G 0.213 0.057 0.156 0.075

Figure V-9,
0.4 |

Sy

&

v

5

o

- 0.3

2

o

L

wv

=

£ .21l

£ .

=

o

[T

=
0.1
0.0 .

May 17
May 20

Figure V-10.

May 24
May 27

Jun 1
Jun 3

Jun 8 Jun 15

Jun 10 Jun 17

-

Distribution of Striped Bass Yolk-Sac Larvae during Five Sampling

Periods at Seven Stations in Indian Point Area and Results of

Newman-Keuls Test on Station x Sampling Period (No Significant
Difference [p greater than 0.05] Exists between Any Two Members

Indian Point Study, New York University, 1976)

.0f a Grouping; Values are Mean Transformed [ X] Densities,

V-16

sclience services division




c. Post Yolk-sac Larvae
1) Geographic Distribution
'a) Distribution during 1976

. Striped bass post yolk-sac larvae were collected in the Yonkers
through Catskill regions but were scarce in the Yonkers region and upriver
from the Hyde Park region. Densities greater than 100 post yolk-sac larvae/
1000 m3 (in most instances, densities were less than 20 larvae/1000m3) were
found in every region from Croton-Haverstraw through HydebPark during at
least one sémpling period. During the two periods (June 14 through 17 and
June 21 through 24) when standing cr0ps‘within the study area were highest,
the largest proportions of these standing crops were found in the Croton?
Haverstraw, Indian Point, and West Point regions (Table V-3). The geographic
distribution of post yolk-sac larvae differed from that of yolk-sac larvae.
The Croton-Haverstraw region contained a larger portion of the standing crop
of the post yolk-sac larvae than yolk-sac larvae, and yolk-sac larvae were

more concentrated upriver in the Poughkeepsie region.

Table V-3

Perceﬁtage of Total Standing Crops of Striped Bass Post Yolk-Sac Larvae
in Twelve Geographic Regions of Hudson River Estuary during
Each of Eight Sampling Periods, May-June 1976

Sampling Date
Seographic May 24 dJun 1 gun 7 Jun 14 dun 21 dun 2 Wl 6 1 12
Region May 26 Jund4 Jun 11 0un 17 Jun 24 Jul 1 Jul 9 Jul 15
T * 0.2 0.3 9.4
Tz 100.0 18.3  12.2 6.4 3.4 12.5 28.6 56.0
CH . 35.3 5.4 5.9 242 188 201 4.0
P 38.3 5.1 23.7 3.0 46.8 9.0 3.1
WP B 4.1 7.8 22,2 21.4 8.0 15.8 8.2
oW . ' 3.5 122 63 2.9 2.9 82
PK 8.0 61.5 15.0 5.6, 6.5 5.2 6.7
HP 41 1.4 1.1 2. 4.8 10.4
KG _ 0.4 2.7 1.4 0.9 3.6
SG 0.6 0.1 0.3 0.6
[ ) 0.1 37
AL
Total() - 100.0 100.0 100.0  160,1  99.8  99.9  100.0 100.3
Total Standing ‘
Crops (Thousands)  47. 804 24191 242065 184805 47211 8320 1863

. .
No entry indicates no post yolk-sac larvae collected
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dex for striped bass post yolk-sac larvae in 1974, 1975, and 1976 (Figuré

b) Trends in Distribution (1974, 1975, 1976) .

Only minor differences occurred in the geographic distribution -in-

V-11). The indices were highest in the Indian Point region, followed by the .
West Point,'Poughkeepsie, Croton-Haverstraw, and the Cornwall regions indi-
cating that post yolk-sac larvae were abundant over a larger area than yolk-

sac larvae or eggs.
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Geographic Region

Figure V-11. Trends in Geographic Distribution of Stfiped Bass Post Yolk-
Sac Larvae in Hudson River Estuary, 1974-1976

2) Temporal Distribution
a) Distribution during 1976

Striped bass post yolk-sac larvae were present in the study area
from late May through mid-July with a distinct peak in abundance from mid- to
late June. The peak was simultaneous with the mid-June peak in the abundance

of yolk-sac larvae. Standing crops during the two sampling .periods of high-

est abundance (June 14 through 17 and June 21 through 24) were greater than

180 million post yolk-sac larvae.
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b) Trends in Distribution (1974, 1975, 1976)

The temporal distribution index attained its highest value for the
year on June 20 in 1974, on June 4 in 1975, and on June 15 in 1976 (Figure
V-12). The 1976 peak coincides with the peaks in the tgmporal‘index for
yolk-sac larvae.(Figure V-7), but the 1974 and 1975 peaks of post yolk-sac
larval abundance occurred a week later than the peaks for the yolk-sac stage
during those years. The early peak in 1975 was probably due to the same fac-
tors that caused the early peak in the 1975 temporal distribution index of
yolk-sac larvae. The temporal distribution of striped bass post yolk-sac
larvae clearly differed among the three years indicating that environmental

variables can cause variation in the timing of periods of peak abundance.
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‘ Figure V—12'. Trends in Temporal Distribution of Striped Bass Post Yolk-Sac

Larvae in Hudson River Estuary, 1974-1976
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V-19 - science services division



d. Juveniles
1) Geographic and Temporal Distribution during 1976

In the offshore bottom waters, juvenile striped bass were collected
in almost every regions from their first appearance during mid-June through
early July (Appendig Tables C-10, 11). They were most abundant in the
Croton-Haverstraw and Tappan Zee regions, but during‘July large numbers of
juveniles were found in the Hydé Park through Saugerties regions. Highest
standing. crops of juveniles OCCUfred in the Croton-Haverstraw and Tappan Zee
regions during August. During late October and continuing through mid-Decem-

ber, standing crops in the offshore bottom waters declined.

Striped bass quickly migrate to shore zone areas after they gaiﬁ .
motility in the late post yolk-sac larval stage or as early juveniles
(McFadden 1977). Juvenile striped bass were collected in almost every re-
gion from their first appearance in the shore zone during late-June and
early-July. Most of the population was in the Croton-Haverstraw of Tappén
Zee regions (Table V-4; Appendix Table C-14). Distribution indices were
relatively low from the Poughkeepsie through Albany regions. Shore zone
standing crops were highest during mid-July and mid-August and later de;
clined. No juveniles were collected in the shore zone from mid-October to
December in the Hyde Park through Albany regions, therefore, -indicating a

general downstream movement.

Visual inspection of the 1976 data by gear type indicates that
juvenile striped bass were most abundant in the Croton-Haverstraw and Tappan
Zee regions in both the shore zone and deeper waters during most of the sam-
pling season. However, during July in the Hyde Park through Saugerties re-
gions, many juvenile striped bass were in the deeper waters while few were
in the shore zone. During the late fall, juvenile striped bass were dis-
persed between Yonkers through Poughkeepsie in the shoals and the shore zone

(see Section IV). By late November, few juveniles were in the shore zone.
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Seine Survey Samplihg Perlods, June -

Table V-4

Percentage of Total Standing Crop of Juvenile Striped Bass in
12 Regions of Hudson River Estuary dur1ng Each of 12 Beach

December 1976

Sampl1ng Date

Jun 27 Jul 11 Jul 25 Aug 8 Aug 22 Sep 5 Sep19 Oct3 Oct 17 Oct 31 Nov 14  Nov 28
Geographic - - - - - - - - - - - -
Region - Jul 10 Jul 24  Aug 7 Aug 21 Sep 4 Sep 18 0Oct 2 Oct 16 Oct 30 Nov 13 Nov 27 Dec N
YK 0.2 5.5 8.9 7.3 10.1 14.0 13.4 12.5 25.3 34.2 75.2 NS**
i 48.4 22.5 27.0 46.2 47.2 31.9 38.0 38.4 47.5 32.8 21.6
CH 6.7 39.7 7 25.0 19.2 26.4 33.4 38.1 -37.4 21.2 24.7 2.1 79.9
Ip 5.0 3.5 8.5 6.5 3.3 5.5 3.4 4.4 2.3 6.4 11 16.9
WP 21.2 2.1 2.7 0.6 3.6 2.0 1.5 1.1 0.6 3.2
CH 7.9 14.6 13.7 5.5 3.8 47 - 1.5 3.0 0.8 0.7
PK 0.5 1.7 . 1.0 2.4 1.2 0.6 0.5 0.8 2.0 1.2 NS_.
HP d 0.8 0.9 0.2 0.2 0.2 0.2 NS
KG 6.3 7.6 2.1 0.2 1.8 0.9 0.6 NS
SG 3.8 1.2 7.0 6.7 1.5 3.5 NS
cs 0.7 3.0 4.3 0.6 2.0 3.0 1.2
AL 0.3 0.9 0.2 1.3 0.5 0.5
Total (%) 100.0 99.9 ~ 100.1 100.0 99.9 100.0 99.9 99.9 99.9 100.0 100.0 . 100.0
Total 172 1022 720 1045 809 670 900 460 486 151 105 10
Standing R
Crop (Thousands)
*:gg enﬁgysgé\gg:ates no juveniles collected.
-
2) Trends in Distribution (1974, 1975, 1976)

The geographic distributions of juvenile striped bass in the shore

zone was similar during 1974,
tribution indices calculated from beach
most juvenile striped bass were present

Zee regions and few were found in other

Figure V-13.

Distribution Index
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and 1976 (Figure V-13).
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Geographic dis-

seine standing crops indicated that

in the Croton-Haverstraw or Tappan

Trends in Geographic Distribution of Juvenile Striped Bass
Collected in Beach Seines in Hudson River Estuary, 1974-1976
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The temporal distribution pattern of juvenile striped bass varied

considérably over the three year period from July through September (Figure .
V-14). The percentage of juvénilgs in the shore zone during July and most

of August 1976 was higher than during July and most of August in both 1974

and 1975. However, from late August through most of September in 1974 and

1975, the percentage of juveniles in the shore zone increased, while during

1976, shore zone percentages decreased. By late September, the percentages

of queniles in the shore zone Qere similar for all three years and decreased

except for brief increases during late October or early November. By late

November, few juvenile striped bass appeared in the shore zone.
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Figure V-14. Trends in Temporal Distribution of Juvenile Striped Bass Col-
lected in Beach Seines in Hudson River Estuary, 1974-1976

Juvenile striﬁed bass were more concentrated in Shoal areas during
1976 in the Croton-Haverstraw and.Tapban Zee regions than during 1975 when
they were ﬁost abundant between the Indian Point and Poughkeepsie regions;
The trend observed in the shore zone (Figure V-14) was similar in the shoals,
i.e., highest'standing crops occurred during August in 1976, and during late

September through early October in 1975.

V=22 science services division




2

During 1976, the population of juvenile striped bass was concen-
‘ trated farther .downstream in both the offshore and in the shore zone than
during 1974 or 1975. The juveniles also moved into these lower river re-

gions earlier in 1976 than in either 1974 or 1975.

3) Interregional Movements during 1976-1977

Over 8,000 jﬁvenilé striped bass were finclipped during the fall of

1976 (Table V-5). Fall recaptures showed very little movement between re-
gions (Figure V-15 and Appendix Table C-21). Almost all recaptures occurred

. in the regionvof original release and this pattern of limited interregional .
movement was also observed in previous studies (TT 19770, 1978&). Of the few
juvehile striped bass that did move between regions, eight moved downriver
while four moved upriver. Only long range movements could bé detected by the
study because of the large size of the marking regions and the short tiﬁe
interval between release and recapture. However, tagging studies of yearling
striped bass suggest that there is a limited home range for young striped

. bass (Subsection e.5).

Table V-5

Mark-Recapture Regions and Number of Finclipped Striped Bass
Released in Each Region. during September-November 1976

Region River Mile Number of Fin Clips Released*

1 12-23 . 1,704
2 24-38 - 3,556
3 - 39-46 2,354
4 - 47-76 470
5 77-152 33

Total 8,117

*Adjusted for 14-day mortality
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Recapture Region

1 2 3 4 5
Movement

g , o _ S

,E§ 1| 90 2 : : . Upriver 4  (1%)
' v 2 1 482 2 Same region 701  (98%)
[(e] . R

- 3 2 120 Downriver 8 (1%)
2 .

4 2 3 9
5

Figure V-15. Release- Recapture Matrix for Juvenile Striped Bass Finclipped
during September-November 1976 and Recaptured from September-
December, 1976 ’

'No juvenile striped bass finclipped during the fall of 1976 were
recaptured during January through June 1977 and only one of the 749 striped
bass finclipped in the spring of 1977 was recaptured during that period.

That fish was released and recaptured in Region 2.

No consistent pattern of movement was evident from the recapture
of juvenile striped bass finclipped in 1976, despite other evidence that
juvenile striped bass do appear to emigrate from the river during the fall
(TI 1977c) Undetected downriver movements may occur offshore in the channel

or on the shoals where the strlped bass are less vulnerable to recapture.

4) Movements to and from the Shore Zone during 1976

Data from the Beach Seine Survey and the Fall Shoals Survey for the
Yonkers through Poughkeepsie regions were examined for indications of
movement by juvenile striped bass between the shore zone and deeper water.

- During mid-August, most juveniles were in areas with depths of 20 ft or less
(Figure V-16). During September, the juvenile population briefly shifted to
areas deeper than 20 ft and then back into shallower depths. A fluctuating

: pattern then occurred as the fish appeared to move freely between the shore
zone and shoal areas, but by late October, most juveniles were in the shore

zone, a trend which continued through early November. Movement to deeper
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Figure V-16. ‘Depth Distribution of Juvenile Striped Bass in Hudson River
i Estuary, August—-December, 1976 :

.water was observed during October and November of 1976, although some juve-
nile striped bass remained in shallow areas uﬁtil_the early winter. This
pattern differs considerably from the pattern observed during 1975 (McFadden

1977) when movements to the shore zone were more dramatic in September.

e. Yearlings

1) Geographic and Temporal Distribution during 1977

During the first half of 1977, yearling striped bass from the 1976
year class were present in the shore zone from the beginning of fhe;sampling
season in April, although standing crops were relatively low compared td
later months (Appendix Tables c-15-17). The standing crops in the shore zone
increased gradually during May when yearlings were most abundant in the
Tappan Zee and Croton—Héverstraw regions and none were taken above Indian
Point during this time. By June'they had become widespread throughout the
estuary, although most of the population still appeared in the Téppan Zee and
Croton-Haverstraw regions. By late June, yearling numbers began to decline

in:the shore zone as they apparently moved offshore.
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2) Trends in Distribution (1974, 1975, 1976 Year Classes)

An examination of beach seine data indicated most yearling Str{ped
bass of the 1974, 1975, and 1976 year classes were located in the Tappan Zee
region, few were present in the Indian Point through Saugerties regions and
depending on the year, numbers 1ncreased sllghtly in the upriver Catskill or
Albany regions (Figure V-17). Yearling striped bass were common in shorezone
areas from April through June or July, depending on the year. During the
spring of 1977, yearling striped bass were more abundant than the previous
two years. During 1976, few yearling étriped,béss were caught in the lower
Hudson, few were collected after July, and by mid-November, most had moved

away from the shore afeas'(Figure v-18).
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Geographical Regions.

Figure V-17. Trends in Geographic Distribution of Yearling Striped Bass
Collected in Beach Seines in Hudson River Estuary, 1975-1977
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Figure V-18. Trends in Temporal Distribution of Striped Bass Yearlings Col-
lected in Beach Seines in Hudson River Estuary, 1975-1977

3) Interregional Movements

Fifty-four yearling and fwo—year—old striped bass were tagged and
recaptured during the fall of 1976; only three moved away from the site of
release (Appendix Table C-20). One yearling tagged in September at RM 38
(KM 61) was recaptured that month at RM 39 (RM 62). Two others recaptured
in November showed greater movement: one tagged in October at RM 35 (KM 56)
was recaptured at RM 13 (KM 21), the other tagged at RM 42 (KM 67) in Novem-
ber and caught by a sport fisherman at RM 9 (KM 14). During thé period Sep-
tember to October, 16 fish were released and recaptured more than once§ one
as many as sevenitimes. None of the 16 fish moved away from the river mile

of release.

Seven striped bass tagged as yearlings in 1976 and recabtured from
January ‘through July 1977 moved greater distances (Table V-6). Three moved
downriver an average of 38 miles. One exhibited.nd movement. The other three-
moved upriver: 23, 33 and 92 miles. Movement was upriver as well as down-

river; therefore, emigration from the river was not clearly indicated.
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Table V—6

Striped Bass Marked with Fingerling Tags during 1976 and
Recaptured from January-July 1977, Hudson River Estuary

Release ' Recapture ]

Tag River Total River Days at Movement
Number Date Mile Length (mm) Date Mile - Large (mi) “Direction
5-40117 9/24/76 57 175 2/23/77 3 -151 54 Downriver

- 5-44240 10/25/76 42 213 C 3712477 3 137 39 Downriver
5-37400 9/7/76 60 176 6/8/77 38 273 22 Downriver
5-46939 11/9/76 42 ‘169 6/18/77 75 - 220 33 Upriver .
5-40585 9/27/76 60 218 7/1/77 152 276 92 Upriver
5-39381 9/20/76 60 217 k 7/27/77 60 309 0 No movement

5-46932 11/9/76 42 218 7/27/77 65 259 23 Upriver

The lack of movement during September and October suggests that
some striped bass restrict their movements to a limited area until reaching
a certain age or size or receiving some environmental cue to migrate. Data
from 1975 recaptures of yearling and older striped bass aiso'support a home
range hypothesis for striped bass in effect until a certain time of year or

maturity (TI 1978a).

f. Distribution of Striped Bass in Relation to Physicochemical
Factors

1) Objectives

- The range of and highest density for each life stage were compared
for each year from 1974 through 1976 in order»tovdetermine general associa-

tions between life stage distribution and physicochemical factors.

2) Results and Discussion

Spawning activity of striped bass was related to conductivity, tem-
perature, and diésolved oxygen (Table V-7). Striped bass spawned in areas
of low conductivity [less than 0.3 m S/cm (0.3 mmhos/cm) or about 0.17 /00
salinity at 25°C] during the three years (1974 through 1976) studied. Spawn—
ing began when temperatures reached 12°C and peaked at temperatures between

16 and 20°C, depending on the year studied. Striped bass spawned as long as
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the temperature remained over 129C, however temperatures may - influence incuba-
tion success (Bayless 1972). ‘Most eggs were collected at slightly higher tem-—
peratures in 1975 and 1976, thus hatching time should have been shorter in
those years. Moét eggs occurred in areas where dissolved oxygen (D.0.) levels.
were greater than.7. 0'Malley and Boone (1972) repofte& that eggs exposed to
D.0. concentrations between 4.9 and 9.8 mg/l developed normally, so egg sur—
vival in the Hudson River then was probably not influenced by dissolved oxygen

levels in 1974 throﬁgh 1976.

The range of tembefature and conductivity at which yolk-sac larvae
 occurred was similar to that observed in previous years. They were found in
temperatures of 12 to 26°C during 1974 through 1976 (Table V—7). As observed
for eggs, peak yolk-sac larvae densities occurred at higher temperatures in
1975 and 1976 compared to 1974, but all temperature ranges were within the
limits for larval survival (McFadden 1977). Some larvae occurred in areas
where conductivity was greater than 0.3 mS/cm, but most were still found at or
just above the saltfront (i.e., the freshwater/saltwater interface, which is
defined by TI as 0.3 mS/cm). Since striped bass larvae reared at salinities
of 4 to 14 °/oo (7 to 23 mS/cm) had higher survival and growth rates than
those reared in freshwater (Doroshev 1970), conditions for Hudson River larvae
may have been less than optimal if the survival and growth observations in the
laboratory apply to larvae under natural conditions. However, other factors
such as food availability or competition may have led to the presence of

larvae at lower salinities than would be predicted by Doroéhev's study (1970);

- Yolk-sac larvae were collected over a wide range of dissolved oxygen
concentrations in 1974 and 1976, with peaks in 1975 and 1976 over 6 mg/l; many
were taken at higher lgvels. In 1974, larvae were collected in areas where
D.0. was less than 2 mg/l. The survival of larvae subjected to concentrations
of 2 mg/l was probably low, but this is dependent upon the length of exposure

and the physical condition of the larvae.

There are two major changes in Striped,bass distribution as they
enter the post yolkfsac stage. Although the water temperatures at highest
densities of eggs and yolk-sac larvae differed for 1975-76 from 1974, and
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“Table V-7

Ranges of Physicochemical Factors and Values at Highest Densities
(Greatest Catch/Effort) Associated with Striped Bass Eggs
and Larval Distribution

Eggs ) Yolk-Sac Larvae Post Yolk-Sac Larvae
Parameter 1974 1975 1976 - 1974 1975 1976 1974 1975 1976
Iemgerafure Range 10-24 12-24 12-24 12-26 12-26 12-24 14-28 16-30 14-26
°C Highest i
Density 1416 18-20  14-16 16-18 18-20 18-20 20-22 20-22 20-22
Conductivity Range  <0.3-0.6 <0.3-3 <0.3-5  <0.3-7 <0.3-11  <0.3-17 <0.3-17  <0.3-19  <0.3-15
(m $/cm) © Highest 4 3 0.3 <0.3 <0.3-0.6 <0.3 <0.3 0.3-1 1-3 0.3-0.6
Density .
(3-5)
Dissolved Oxygen - Range 1-13 6-11 7-13 1-13 6-11 5-13 1-13 4-11 . 4-12
(mg/2) Highest ¢ 4 8-9 9-10 0-2 9-10 8-9 1213 8-9 8-9
Density (12-13)* (8-9)

* . . 2 .
Values in parenthesis are first minor peaks

changed substantially during the three years, the greatest densities for
striped bass post yolk;sac larvae occurred first at 20°C in all years (Appen-
dix Table C-22 and Figure V-19). By the third lifestage, mechanisms such as
the rate of larval development through earlier stages, changes in larval mor-
‘tality, and shifts in distribution patterns have led to the highest densities
of post yolk-sacvla:vae first appearing at 20°C. The action of these factors.
in leading to highest densities at eeconsistent‘temperature over a period of
years can be referred to as a synchronization of the larval populations with
the temperature regimes found during the spring and summer. Evidence that
the fifst of these mechanisms is important can be seen in the 1976 data.
Individuals forming the first catch of yolk—sae larvae in that year diedzoff
before they could develop into post yolk—sac larvae, possibly due to tempera-
tures below 129C after the first occurence of yolk-sac larvae (Subsectlon
V.B.l.c.3 and Appendix Tables C—22). In other years and at the time of the
occurrence of the second peak of yolk-sac larvae, 1976 temperatures were

within the range necessary for survival (McFadden 1977).

A second important ehange in distribution of post yolk-sac compared
to ydlk—sac larvae and eggs is that the post yolk-sac larvae were found in

areas of higher conductivity - highest densities are at 0.3 up to 5 mS/cm
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Figure V-19. Temperaturés in Hudson River Occurring during Egg and Larval
Life Stages of Striped Bass, 1974-1976 (Max1mum Minimum, and
Mean (Dot) Temperatures Are Shown)

(Table V-7). ‘Since salinities of 4 to 14 °/oo (about 7 to 23 mS/cm) improved
survival among hatchery-reared larvae (Doroshev 1970, Bayless 1972), this
change apparently reduces mortaiity. Whether the occurrence in waters of
higher conductivity is due to active selection or passive drift with the net
downstream movement is unknown. This distributal change is not related to
dissolved oxygen levels, since larvae occurred in D.0. greater than 5 mg/l in

1974-1976.

Most striped bass juveniles are found in waters with conductivities
of 5 to 23 mS/cm, thus continuing the trend seen with post yolk-sac larvae.
This reflected in the trend for net downstream movement seen in the longi-
tudinal distribution (Subsection V.B.1.d.3). Highest dens1t1es of striped
bass were found in areas below the saltfront and while dens1t1es of white
perch were found in areas above the saltfront (Subsection V.C.l.c.). Juve-
nile distribution was not limited by dissolved oxygen. Most fish were caught

where dissolved oxygen levels ranged from 4 to 10 ppm (Table V-8).

Juvenile striped bass were found over a wide range of temperatures,
from 2 to 32°C (Table V-8). They showed a movement to the shore zone and
beaches (Subsection V.B.1.d.3) as water temperatures reach summer maximas.

(Table V-7). Peak catches of juveniles were found between 28 and 32°C in

V=31 -science services division



. Table V-8

Range of Physicochemical Parameters and Values at Highest Densities .
(Greatest Catch/Effort) Associated  with Striped Bass Juvenile Distribution. ..
(Values in Parentheses are First Minor Peak)

Beach Seine Fall.Shoals Plankton Bottom Trawl
Parameter 1974 1975- 1976 1974 1975 1976 1974 1975 1976 1974 1975 1976
Temperature Range  2-32 a-32 2-32 4-28 4-26 - 18-28  22-28 . 22-26 4-26 4-28 6-26
o Hishest 3032 3032 2628 22-24  18-20 - 26-28  26-26  24-26 8-10 20-22 24-26
Y (4-6)"

Conductivity Range <0.3-27 <0.3-19 <0.3-25  <0.3-19 <0.3-15  — €0.3-17  <0.3-15  <0.3-13  <0.3-25 <0.3-13  <0.3-13
{m $/cm) Highest ¢ ; 15-17  21-23 5-7 9-11 0.6-1  11-13 9 T2

Density =L - -6- - -N ) 3-25 <0.3. <0.3
?isso;ved Oxygen  Range 4-16 3-16 3-15 2413 413 - 5-10 5-10 5-10 -1 4-13 4-13
mgs s Highest _

pigiest 1213 3 3-4 6-7 4-5 - 7-8 6-7 8-9 4-5 6-7 6-7

* : . : .
Values in parenthesis are first minor peaks

the three years studied. As the temperatures declined, fewer juveniles were

found in beach seine catches (Subsection V.B.l1.d.1); they first moved out to

.shoals (where péak densities occurred at 18 and 24°C) and then to other

areas.

2. General Distribution and Movements of Two-Year 0ld and Older Fish.

During the period 1972 through 1976, a tagging program was used to.
examine the migratory patterns of two-year old and older striped bass in and
around the Hudson River estuary. Striped bass were tagged and released be-

tween RM 25 and RM 61, an area that includes much of the spawning ground

within the Hudson River. The program was intensified during 1976; there-

fore, the resuts from that year are described in greater detail.

a. Movements During 1972-1975

The recapture of 71 tagged fish over the years 1972 through 1975
conclusively demonstrated that the migrations of Hudson River striped bass
are not limited entirely to the vicinity of the Hudson River. Tagged fish
were recovered from as far away as Boston Harbor, but none were recovered'

south of Rockaway, Long Island (McFadden 1977). Most (72%) of the 1,792

striped bass tagged and released during 1972 through 1975 were <300 mm TL.

The movements of these small fish appeared to be confined to the Hudson
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River, western Long Island Soﬁnd, and the soiuthwestern shore of Long Island.
Ten striped bass >800 mm TL, however, traveled an average of 343 km north- '
eastward toward New England. Because of the limited data on the movement of
intermediafe size striped bass, the initial conclusion was that the distance
migrated was positively related to the size of the fish; i.e. large fish
migrate farther than small fish (M;Fadden 1977). One objective of the sub-
sequent tagging in 1976 was to examine this possiblé phenomenon by obtaining

more information on fish of intermediate size.

b. - Movements During 1976

From 8 March through 30 June 1976, 2,406 Hudson River striped bass
were captured (primérily by gill nets and haul seines), marked with nylon
internal anchor tags (Floy FD-67C), and released in the river (Tables V-9
and V-10). Tag number, total length, date, time, 1ocation, and capture gear
Qere recorded for each fish tagged and released. A scale.sample was taken
from each fish for age determination by the annulus method (Mansueti 1961a).
The sex of the fish.was recorded upon release if readily discernible. Most
fish (87%) were released between RM 30-48 (KM 48-77); 93% of the fish were
between 301 and 700 mm TL. Tagged fish were recovered by TIL éampling
efforts, other environmental contractors, and commercial and sport fishermen
in the Hudson River and along the Atlantic coast. The tag number, date,
method aﬁd area of capture were the information provided from a recaptured
: striped bass. However, areas of movement, timing of movements, days at
.1arge, sex, age, distance from the mouth of the river at time of recapture,
and the extent to which various size groups ﬁndergo a migration from the
river were all examined by matching the recapture with the release infor-

mation.

From March ~ December 1976, 312 tagged striped bass were recovered
(Appendix Table C-23) for a 13.0% recovery rate. Fish recovered near their
released location less than 2 days after release (156 fish) were eliminated
from further anaiysis. .Of the remaining 156 recaptures, 149 had been re-
leased during 1976 (Figures V-20, V-21) and 7 had been released in previous
years. Tagged striped bass were recaptured throughout the.Hudson River

estuary (north to Troy Dam, RM-152) and as far north along the Atlantic
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Table V-9

Distribution of Total Lengths by Time Period of Striped Bass
(Greater than 250 mm Total Length) Tagged and Released in
Hudson River Estuary during 1976

Time Period

[gﬁ;lh Mar 15 Mar 29 Apr 12 Apr 26 May 10 © May 24 Jun 7 Jdun 21
(rm) Mar 28 Apr 11 Apr 25 May 9 May 23 -Jdun 6 gun 20 dunzo O

250-300 0 1 6 0 3 15 9 1 35

301-400 28 48 107 30 24 - 38 1 0 276

40i-500 369 -~ 395 442 116 48 21 8 3 1402

501—606 74 129 98 43 14 . 19 8 4 . 389
. 601-700 » 11 v 26 60 11 23 22 4 _2 159
_701—806 0 6 : 6 4 14 11 3 1 45

801-900 1 S0 9 7 N 13 4 0 41

901-1000 0o 1 2 7. 16 13 8 ' 0 o

>1000 0 0 1 1 1 5 1 1 10
No Tength 1 o 0 1 0 0 0 o 2

recorded ’

Total 484 606 731 220 150 157 © 46 12 2406

Table V-10
Number of'Tagged Striped Bass, (greater than 250 mm Total Length)
Released in Hudson River Estuary during 1976
’__ngé of Release B -
‘Mar 15 Mar 29  Apr 12 Apr 26 May 10 May 24 “Jun 7 Jun 21

River Mile (km) Ma; 28 Ap; 1 Ap; 25 Ma; 9 Ma; 23 Ju; 6 Ju; 20 Ju; 30 Total
<30 (48) 100 109 21 Bt 3 1 7 1 255
30-48 (48-77) 384 497 710 184 - 140 145 - 28 11 2099
-48 (77) 0 0 0 23 711 Ry 0 52
Total v 484 606 731 220 150 157 46 12 2406
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Numbers and Recapture Locations of Adult Striped Bass from
Areas outside Hudson River during 1976 (All Fish Were at
Large Two or More qus). Single recaptures are denoted

by unlabeled dots.
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&

séaboard as the mnorthern tib of Cape Cod. Most were recaptured near the
mouth of the river, but those captured outside the river had generally
tréveled northeastward, results similar to earlier accounts of striped bass
movements along the Atlantic Coast (Merriman 1941, Vladykov and Wallace 1938,
71952, Alperin 1966, Raney 1952, Raney 1954, Raney 1972, Raney et al. 1954,
Massman and Pacheco 1961, Chapoton and Sykes 1961, and Nichols and Miller
1967). Of the 104 tagged fish recévered outside the Hudson River, 26 were
caught in Long Island.Sound, 5 off New Jersey, 35 off the south shore of Long
Island, 4 in the East River, 26 in the‘Upberband Lower New York Bay region,

and 8 from Montauk, New York to Chatham, Massachusetts.

There was no significant difference in the size of striped bass
fecaptured by commercial fishermen, sport fishermen and TI sampling (X2_=
8.31, p >.05) (Table V-11). There was also no significant relatinship
between the days.at large and the distance moved (Figure V-22) by the fish (r

.= .142, p >.05), so all recaptures were used to describe movement patterns.

Table V-11

Number of Tagged Hudson River Striped Bass at Large
at Least Two Days and Recaptured during 1976

Total Length Interval (mm)

250-400 401-600 601-800 8071-16000 _ﬁukéﬁ3§¥j
Commercial 0 13 2 0 15
Sports Fishermen 14 84 | 16 6 | 120
Other Firms and 3 10 6 -2 ' 21

TI Sampling
Total 17 107 24 . 8 156
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Figure V-22. Total Length vs Distance Traveled for 1976 Recaptured
Adult Striped Bass (at Large Two or More Days) Tagged
and Released in-‘Hudson River Estuary

There appear to be at least two types of movement patterns for
striped bass tagged and released in the Hﬁdson River: a) individuals that
remain in or near the river and do not migrate at all and b) individuals that
undergo more extensive migrations soon after spawning. These groups con-
tained roughly equal-sized fish in 1976, since there was no significant re-
lationship (r = 133, p >.05) between the distance moved and the size of the
fish (Figure V-23). Of all the recbveries, 75% were within 100 km of the re—
lease point (Table V-12). What causes the striped bass to become part of the
resident group or the migratory‘group is unkndwn. We might hypothesize that
this is due to sex, genetic background, or the speed at which the fish

recover from spawning activities, but data are presently not available to

test these hypotheses.
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Figure V-23. Days at Large vs Distance Traveled for 1976 Recaptured
Adult Striped Bass (at Large Two or More Days) Tagged
and Released in Hudson River Esturay
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Table V-12

Recaptures of Striped Bass by Length Group during 1976 within and outside

Hudson River (Tagged and Released in Hudson River 1976)"

Early Season Releases

Mid-Season Releases

Late Season Releases

Other Releases

) (March/April) May) (June)
Length(mm) 250-400 401-600 601-800 801-1000 | 250-400 401-600  601-800 801-1000 | 250-400 401-600 601-800 801-1000 250-400 401-600 601-800  801-1000
Recaptures
0-50 km In 1 22 8 1 1 2 1 1 1 3 1
. Out 2
Total 1 24 8 1 1 2 1 1 1 3 1
51-100 km In 1 4
Out 5 38 5 2 6 2 3 3 1
Total 6 42 5 2 6 2 3 3. 1
101-150 ke In 2
out 2 12 2 1 1
Total 2 .15 2 1 1
151-200 km In 1 1 '
Out 3 1
Total 1 4 1
201-250 km In
out 5 1
Total 5 1
>250 km In ) .
Out 4 1 2 1 1
Total 3 1 2 1 1




3. " Exposure of Early Life Stages to the Effects of Power Plants
a. .Eggs'
l)'vDistributionfwithin Power Plant Regions

Striped bass began spawnlng in early May. Although eggs'were ob-
served within all power plant regions by May 10, the longest duration of
. exposure occurred at Lovett and Indian Point (May 3 to June 24), followed by
¥ Roseton and Danskammer (May 10 to June 17) and Bowline (May 10 to June 11
d[Flgure V—24]) Peak egg abundance occurred during May 17 to 19. The
largest standing cron estimatesvwithin the Bowline, Lovett, and Indian Point
plant regions occurred during this time, while the largest values for the
Roseton and Danskammer plant«regions occurred later in the season (June 6 to

June 11) (Appendix Table C-24).

_Thebpercentage of the total riuer'standing crop found within_any
plant region_(Figure V425)?shcus that the highest ualues for Bowline, Lovett,
and Indian Point occurred either pricr to or directly after the period of
peak egg dep031t10n and then decllned sharply The ‘decrease in percentage
values seen during May 17 to 19 1nd1cates that durlng this period of peak egg
abundance, spawnlng was not concentrated within any partlcular plant region.

_ The percentage of eggs within the plant reglons-of Roseton -and Danskammer
remalned cons1stent1y low throughout May and then increased sharply in early
June. : ThlS pattern is reflected in geographic dlstrlbutlon indices, which
showed secondary peaks.for eggs occurring in the Klngston and Catskill

regions late in the season.

During the period of striped bass egg abundance (May 10 to June
ll);_tctat_percentages within plant region were highest for Indian Point and-
Lovett; respectively. Bowline was intermediate and Roseton and Danskammer

both showed relatiuely low percentages.

2) Trends in Exposure
Trends in the exposure of striped bass eggs based on longitudinal

distribution, were similar from 1974 through 1976 (Figure V-26). Exposure

was consistently higher in the three downriver plant regions with the highest
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SAYPLING REGIONS REGIONS REGIONS
INTERVALS YK TZ CH IP WP CW PK HP KG SG CS AL YK TZ CH IP WP CW PK HP KG SG C5 AL YK TZ CH IP.WP CW PK HP KG SG CS AL
2/23-27 NS [ NS | NS | NS |ns Ns [Ns | Ns|ws | ns ‘NS | NS | NS [ NS | NS
3/1-5 NS | NS [ NSNS [ NS NS | NS | NS ['NS | NS ns | ns | NS | s | s
3/8-11 NS | s | NS | NS | ns NS | NS [ NS [ s | NS NS | Ns [ Ns | NS | ns
3/22-25 NS | NS [ NS [ Ns | s NS | Ns | Ns [Ns | s Ns | ms|ns | ns [ s
4/5-8 NS | NSNS | NS [ NS NS | NS | NS [ NS | ns NS [ s | ns [ s | s
4/19-21
4/26-29
5/3-5
5/10-13
5/17-19
5/24-26
6/1-4
6/7-11
6/14-17
6/21-24
6/28-7/1
7/6-9
7/12-15
7/26-29 ‘
8/10-13 _ .
LI LI 11 1 . I 11 1
B LIP RD B LIP RD B LIP R D
EGG STANDING CROP RANGES YOLK SAC STANDING CROP RANGES POST YOLK SAC STANDING CROP RANGES
STANDING CROP RANGES (X 103) . POWER PLANTS
1-1000 30,001-40,000 [ o caten B = Bowline
L = Lovett
1,001-10,000 40,001-50,000 No sampling P = Tndian Point
10,001-20,000 50,001-60,000 R = Roseton
20,001-30,000 Il c0.001-70.000 D = Danskammer

Figure V-24. Exposure Matrix of Striped Bass Eggs, Yolk-Sac and Post Yolk-Sac Larvae

Collected during 1976 Ichthyoplankton Survey
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Figure V-26. Exposure (Vulnerability) Indices of>Striped Bass Eggs for
‘Power Plant Regions during Selected Periods from 1974 to 1976

seen at Indian Point during each year. Roseton and Danskammer’had fhe lowest
exposure during all three years, although slightly higher in 1975 fhan in
1974 or 1976. Exposure at Bowline,. Lovett, and Indian Point was highest in |
1974 and declined in 1975°and 1976, indicating a decrease in the proportion
of striped bass eggs found within these plant regions during the thfee—yéar

period.

3) Comparison with Near Field Density Estimates

Far Field Ichthyoplankton Survéy (TI) and near field study dens-
ities of striped bass eggs showed similar temporal distributions within the
- Bowline (LMS-stations BE, BCH and BW transects) and Indian Point (NYU) plant
regions (Figure V-27). While near field densities at Bowline and Indian
Point showed higher peaks occurring in mid-May, ichthyoplankton estimateé.
showed a more gradual decline in egg densiéy during the periods directly

after peak egg abundance. Near field and ichthyoplankton estimates at these

two plants were similar during the month of June, when s_triped bass egg" ‘

densities were low.
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Figure V-27. Comparison of Density Estimates of Striped Bass Eggs at
: Bowline, Indian Point, and Roseton Plant Regions during 1976
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_ Since comparable data for the Roseton plant,région are limited,
discrepancies in density values between the two studies may reflect vari-
ability associated with sample location rather than actual egg density

differences.

4) Other Factors Affecting Exposure

Striped bass eggs, yolk-sac and post yolk-sac larvae are suscep-—
tible to entrainment during the period of growth between spawning and ju?e—
niles about 40 mm in totai length (McFadden 1977). The physical characterié—
ﬁics and duration of each life stage are important factors when assessiné‘

exposure.

The diameter of a freshly deposited egg measures 1.3 mm (Lippson
and Moran 1974) and is characterized as being nonadhesive and semibuoyant
(Mansueti 1958). Following a process of water hardening, requiring from 1
to 1.5 hours (Mansueti 1958), the diameter of the new egg is about 3.4 mm and
firm to the touch (Lagler et al 1962). In ge