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SECTION T
~ INTRODUCTION

The goel4of this 3-volume report‘ie to present the results of anal-
yses of populations of "key fishes (striped bass, ﬁhite perch, Atlantic tomcod,
and Americaﬁ ehad) in the Hudson.Riverjestuary, which may be subjected. to mor-
tality from entrainment (passage through the condenser cocling system) and im-
ﬁingement (entrapment on the.cooling ﬁater intake scteens) at the Bowline, |
Lovett, Indian Point, Roseton, and Denskammer electrical.generating plants.
Volume I contains a continuation of the data analyses of the 1974 year class
of striped béeé; white petch, and Atlantic“tomced initiated in the First An-
nual Report for the Multiplant Impact Study of the Hudson River (TI, 1975a)
and adds analyses of the 1974 year -class of Amerlcan shad. Included are data

on striped bass, wh1te perch, and Atlantic tomcod collected ‘from October 1974

.through June 1975 and data on Amerlcan shad collected from April 1974 through

June 1975 in the estuary from river mile (RM) .12 to 152 (KM .19- 243), Data on
striped bass, white perch, and Atlant1c tomcod collected before October 1974

were dlscussed prev1ously (TI l975a) o . .

The following are the primary objectivee addressed”in this report:

e Describe trends in the abundance of striped bass,
white perch, and American shad stocks from 1931
through 1974 based on commercial fishery records
(Section IV.B)

- @ Describe fluctuations in annual abundance of juve- -
nile American shad.and Atlantic tomcod from 1965
thfqugh 1974, excluding 1971 (Section IV.C)

® Describe the potential relationships of the an-
nual abundances of juvenile striped bass, white
perch, Atlantic tomcod, and American shad vs sev-
eral biotic and abiotic environmental factors (Sec-
tion IV.D)

e Synthesize the fisheries literature and sampling
data from the estuary, compile life history/be-
havior information, and describe biological fac-
tors that may influence the vulnerability of Amer-
ican shad life stages to power plants (Section V.B)

‘I-1 ‘ services group
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e Describe the longitudinal abundance and distribu-
tion of the life stages of striped bass, white
perch, Atlantic tomcod, and American shad (Section
V.C)

® Describe the vertical, lateral, diel, and tidal
distributions of the life stages of striped bass,
white perch, Atlantic tomcod, and American shad in ‘
the nearfield vicinity of the five power plants B
(Section V.D) : '

® Describe the relationships of the longitudinal dis-
" tributions of striped bass, white perch, ‘Atlantic - S e
tomcod, and American shad vs water temperature,. con-
duct1v1ty, and dissolved oxygen (Section V. E)

o Describe the seasonal movements of individually
marked striped bass, white perch, and Atlantic tom-
cod (Section V.F)

o Asséss the vulnerability of the life stages of
striped bass, white perch, Atlantic tomcod, and
American shad to the five power plants (Section
V.G) and examine the available data base for evi-
dence of compensation: (Section VI). :

e Exanine the avallable data base for .evidence
of compensation (Section VI). :
_An overview of the field and laboratory methods and materials used

during 1974 and 1975 is presented in Section III.

Volume II of ‘this report contains the data tables and figures that
support and supplement the results presented in Volume 'I. Volume IIIacontains
the results of the Lower Estuary Study, which was conducted during 1974-75 . .
primarily to recapture in the lower bay areas the striped bass, white perch;
and Atlantic tomcod that had been marked within‘the confines of the Hudson

River. _ ‘ . ‘ ' . , €

P . : | I-2 services group
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SECTION IT -
SUMMARY ' AND CONCLUSIONS

A. GENERAL INTRODUCTION

In this section are the sallent conclus10ns of the analyses presented
in this report. Methods and data analyses are detailed in the major report
sections (IV through V1) of this volume and .in Volume'III.b Additional details
and data appear in the appendices (Volumes II and III). This section, therefore,
is a brief synopsis of a great deal of scientific work. Serious readers will‘
wish to pursue specific interests in the main body of the report and in the
'appendices. Additionally, nuch relevant data were analyZed and discussed in a

previous report (TI 1975a).

_ 3. HISTORICAL,DATA BASE (SECTION IV)
1. Introduction

Analyses of several years of abundance data on the key fish species
in the Hudson River permit evaluation of the impact of a power plant or group
of power plants in a historical sense. Since power plant operations vary an-
nually, as do other abiotic and biotic environmental factors, one - may use multi-
variate statistical techniques to analyze h1stor1cal data (glven a suff1c1ent
number of years of pre- and postoperatlonal data) to determlne if the power plants
have .had any 51gn1f1cant effect on abundance. Several years of data are also

often helpful in eluc1dat1ng cycllc fluctuations in abundance and in determining

relatlonships between spawner abundance and the abundance of recruits produced

by that spawning population..

2. Commercial Fishery Trends

_ Fluctuatlons in the abundance of spawning stocks of strlped bass,
American shad,.and white perch were examined from a series of y1eld—per effort
(Y/£) estimates of relative abundance based on avallable commerc1al fishery
data from 1931 through 1974. Commerc1al gill net flshing effort in the Hudson
Rlver has declined drastlcallv since the mid- 19403, however, slight 1ncreases
occurred in 1973 .and 1974. - Also 1nfluenc1ng flshlng effort was the change from

natural fibers to nylon as net material during the mid- 1950s.
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Striped bass abundance fluctuated at relatively low levels from l93l
~through 1954. After 1954, Y/f values varied but remained well above pre-1955
levels. White perch abundance declined in 1944 after reaching peaks in 1935
and 1942. The white perch abundance index fluctuated at low levels from 1944 -
until the early 1970s when it was at its lowest level; however, this apparent
population decline is difficult to interpret because of a diminishing market
and subseduent adjustments in fishing gear and effort'to avoid white perch. . - )
American shad abundance has shown extreme fluctuations over the past 40 years;

maJor peaks were in 1942, 1956, and 1972, but the stock generally decllned
after 1942, ' - ' ' - ' ' »

3. Year-Class Strength

Annual variations ih-the abundance of juwenile American shad raken in
beach seines were used as estimates of fluctuations in year-class strength. Be-
mrween 1969 and 1974, abundance varied by a factor of 17.5 for standard station
catches in the area of the Indian Point power planr and by a factor of >500 for
riverwide catches. The riverwide and standard station sampling programs re-
vealed strong'year classes in 1973 and 1974. Riverwide estimates indicated
poor year classes in 1967, 1968, and 1972 and intermediate year classes in 1965,

1966, ‘1969, and 1970.

Annual abundance of Juvenlle Atlant1c tomcod was "derived from stan-
dard statlon bottom trawls in the area of the Indlan Point power plant. "From
1969 to 1974, abundance varled by a factor of 12. 3 ' Two years were 51gn1f1—
cantly different (a = 0. 05): the 1970 year class was larger than the 1974 year
class. A weak year class occurred in 1973, and there were 1ntermed1ate year

classes in 1969 and 1972.

American shad abundance was plotted against several abiotic and bi-

otic factors that are thought to influence year-class strength. Juvenile shad

]

abundance was not significantly correlated with four of the five environmental
factors testedl(freshwater inflow, surface water temperature, adult shad abun-
dance, and bluefish abundance). A positive correlation with power plant cool-
ing.water withdrawal did exist (r = +0.853; p = 0.003) but did not necessarily
reflect a causal relatlonshlp. The generally increasing trend in juvenile shad
abundance since 1965 may also be associated with generally 1mprov1ng water qual-
' ity in the Hudson River. Additional data are needed, however, to verify this

relationship.
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Annual fluctuations in the abundance of juvenile Atlantic tomcod
were correlated with March water.temperatufes at an alpha (a) level of 0.10;
higher temperatures were associated with lower abundance. A positive correla-
tion occurred between abundance_and April freshwater flow. Increased tomcod
abundance usually occurred during years characterized by large freshwater in-
flow and low water temperatures during late winter and early spring. ~ Spawning
stock abundance could not be estimated. Bluefish abundance and power plant

withdrawals were not significantly related to tomcod year-class strength.

C. DISTRIBUTION AND VULNERABILITY ASSESSMENT (SECTION V)
1. Introduction

Ihformation*on the life histories, behavior, distribution, and move-
ments of striped bass, white perch, Atlantic tomcod and American shad was com-
piled and'analyzed to assess each species' relative vulnerability to entrainment
and impingement at the Bowline, Lovett, Indian Point, Danskammer, and Roseton
power plants. "Vulnerability" refers to the relative degree of exposure of
early life stages to power plants and not to the probability that an individual

egg or larva will be entrained or an individual juvenile impihged.

Data from several sources were combined into an overall assessment

of vulnerability, as illustrated in the following diagram:

WATER QUALITY FISHERIES | CHTHYOPLANKTON POWER PLANT

VS LONGITUDINAL SAMPLING i NEAR FIELD
SAMPLING DATA

DISTRIBUTION DATA (APPENDIX B) DISTRIBUTION

(APPENDIX B) (APPENDIX B) (SUBSECTION D)

l ]
]y R r

LONG I TUD I NAL ‘ VERTICAL, LATERAL,
DISTRIBUTION TIDAL. AND DJEL
DISTRIBUTION
(SUBSECTION C) {SUBSECTION D)

L T

1

SPATLOTEMPORAL
DISTRIBUTION

MOVEMENT OF
MARKED FISH
(SUBSECTION F)

POWER PLANT > LIFE HISTORY, BEHAVIOR,
FACTORS = AND PHYSI0LOGY
. .(SUBSECTION B)

7

VULNERABILITY
ASSESSMENT
(SUBSECTION G}
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2. Life History/Behavior

A Literature on the life history and behavior of white perch, striped
bass, and Atlantic tomcod was summarized in a previous‘feport (TI, 1975a).
American shad has been added to this report. Based on the available litera-
ture on American shad life history and behavior, the species should be rela-
tively invulnerable to entrainment because most of its spawning and larval
develoﬁment occurs upstream from the designated power plants. Shad would be
briefly vulnerable to impingement at all five plants during their fall migra-

tion to the sea.

3. Spatiotemporal, Longitudinal, and Power Plant Region Distribution
and Abundance '

a. Striped Bass

X _ Striped bass spawning began in late April. Peak egg deposition oc-
curred between river miles (RM) 39 (KM 62) and 55 (KM 88) during 15-18 May;
Shortly after spéwning and during the peak period for standing crops, 28 May-
23'June, larvae were concentrated between RM 39 (KM 62) and RM 76 (KM 122);>
Early juveniles were most abundant between RM 24 (KM 38) and RM 61 (KM 98) but
gradually shifted their distribution downstream during August and September.
Most of the juvenile population had left the river by late December or had

moved to deep water inaccessible to sampling.

Striped bass eggs and larvae were exposed rather uniformly to all five
power plants, although yolk—saé larvae were relatively more abundant in the vi-
cinity of Roseton and Danskammer than at the other plants. Juveniles were con-
centrated in the lower river during periods of peak standing crops, so their

exposure to impingement was highest at Bowline, Lovett, and Indian Point.

b. White Perch
White perch spawning began in early May, and egg abundance peaked from
30 May to 5 June in the Tappan Zee and Haverstraw Bay areas [RM 24-38 (KM 38-61)].
During the peak standing crop period of 21 May to 17 June, larvae were abundant
in the upper river [RM 94-106 (KM 150-170)] until late August to mid-September
when their distribution shifted downstream to the lower river regions. Juve-
niles left the shore zone in late November for deeper water. Mosf overwintered

in the river.
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Whlte perch eggs generally are demersal adhes1ve, and therefore
relatively 1nvulnerable to entralnment Larval‘exposure to entrainment at the
five power plants was similar. Vulnerability of the juveniles to impingement
was relatively low dnring most of.the summer and early fall because they were
concentrated in the upper river. In late October, they, were more concentrated
in the lowerlriver, soltheir exposure to impingement at Bowline, Lovett, and

Indian Point increased.

_¢. Atlantic Tomcod.

"Atlantic tomcod spa&ned»at the end of their first year of life, from

- mid-December throngh January, mostly between RM 39 (KM 62) and RM 61 (KM 98).

"Distribution of eggs and larvae in the riVer‘couId'not be determined because

most tomcod had reached the juvenile stage before ichthyoplankton 'sampling began.
The demersal eggs should be relatively invulnerable to entrainment, but the
larvae may be subject to entrainment, particularly at the downstream plants
(Bowiine, Lovett, and Indian Point)r Juveniles were most abundant throughout
the year in the channel areas of the lower river [RM 14-33 (KM 22-53)], so they
would be nost exposed to impingement at Indian Point and Lovett. Juvenile
tomcod ﬁould be relatively invulnerable to impingement at Bowline because of the

shallow intake area.

d. American Shad

American shad began to spawn before late April, with egg deposition
peaking between RM. 94 (KM 150) and RM 124 (KM 198) from 23 May to 5 June. Lar-
val distribution exhibited a slight downriver shift; during the peak standlng
crop period of 28 May-23 June, they were concentrated between RM 86 (KM 137)
and RM 124 (KM 198). Juveniles were found throughout the river until mid-
October when they -began to migrate .to the sea. - By late November, almost all

juveniles had apparently left the river.

Shad eggs and larvae were relatively invulnerable to entrainment
at the five power plants because they were concentrated upstream from the
plants. Juveniles were exposed to impingement in the late summer, particularly

at Bowline, Lovett, and Indian Point as they migrated seaward.
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4. Vertical, Lateral, Diel, and Tidal Distribution and Abundance
a. . Striped Bass

Striped bass eggs were concentrated day and night in the nid-water
and bottom areas of the river [>20 ft (6 m) deep]. Yolk-sac larvae were simi- -
larly distributed during the day but appeared to be dispersed throughout the
water column at night. Post yolk-sac larvae ‘were concentrated near fhe bottom .
during the day, dispersed throughout the water column‘at)hight, but were
found also in shoal areas. Early juveniles were abundant near the bottom in
areas >20 ft (6 m) deep and in shoal areas. By mid-August, most of the popula-
tion had apparently moved 'into the shoals and shore zone, Juveniles first
appeared in the shore zone in late June and remained there until early November
when. they moved into deeper waters.. Juveniles were more abundant in .the shore

zone at night, regardless of tidal stage.

b. White .Perch

White perch egg$s were concentrated near the bottom in shoals and
areas >20 ft (6 m) deep. ‘Yolk-sac larvae in riverwide samples were uniformly
distributed throughout the water column, with somewhat lower surface denéi-
ties during the day. -Post yolk-sac larvae in riverwide samples were most
abundant in areas >20 ft (6 m) deep and were uniformly distributed ‘from surféce
to bottom during both day and night. Nearfield sampling in the vicinity of
Indian Point showed a somewhat different distributi.on for larvae; yolk—siac
‘ 1arvél densities were highest in bottom and midwater strata during day and
night, whereas post yolk-sac larvae concentrated in deep water during the
day but dispersed throughout the water column. at night. Larval. distribution
patterns at Bowline, Lovett, and Roseton-Danskammer were inconclusive. Juve-
niles were abundant in all strata except those >40-ft (12 m) deep. They firSt‘
appeared in the shore zone in early July and were relatively abundant there until
late August when movement to deeper water was noted. This movement accelerated
in early November. Juveniles in the shore zone were always most abundant at

night, regardless of tidal Stage.
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c. Atlantic Tomcod

Atlantic tomcod juveniles were concentrated near the bottom in areas
of. the river deeper_than_ZO ft (6 m). and in the west shoal through mid-August;
later, 'they were concentrated primarily near .the bottom of areas deeper than
20 ft (6 m). When spawning began in.mid—December,-they entered the shoals
and shore zone. Juveniles were never abundant in the shore zone during spring,

summer, and fall in either the daytime or nighttime.

d. American Shad

American shad eggs were concentrated during day and night near the
bottom in areas deeper than 20 ft (6 m). Yolk-sac larvae were moet abundant
in midwater and bottom strata in areas deeper than 20 ft (6 m) during the day
but dlspersed throughout the water column at night. Post yolk-sac larvae were
unlformly distributed from surface to bottom durlng day and nlght in areas
deeper than 20 ft (6 m), and some post yolk-sac larvae were collected in the
‘shoals. Juvenlles were abundant in several strata [the shore zone, shoal areas,
and bottom and midwater strata >20 ft (6 m) deep]. In late October, catchee in
all gear declined sharply as juveniles left the river. rJuveniles were always

more abundant in the shore zone during daylight, regardless of tidal stage.

5. Longltudlnal Distribution and Abundance in Relation to Phys1cochem1cal
- Variables ~

a. Striped Bass

Strlped bass spawned in freshwater areas of the river. <Egg deposition
peaked when water temperatures ranged from 15 to 19°C. Larvae developed ih
fresh to slightly brackish water and completed transformation to juveniles
before water temperatures reached 23°C. Juveniles moved to the shoals ahd
shore zone in early summer as water temperatures increased to 20°C and then
left the shore in the fall as temperatures dropped below 17°C. Juveniles moved
into the lower river. regions in early September, but there were no obvious

movements. in association with the salt front.
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b. White Perch

White perch spawned in freshwater and siight}y brackish areas, with
peak deposition occurring when water temperatures were 14-21°C. Larvae devel-
oped in the freshwater and slightly brackish zones of the river and completed
transformation into juveniles before water temperatures reached 230C. Juveniles
began to move to the shoals and shore zone as water temperétures increased to
i 250C but left the shore zone when temperatures declined below lSOC.‘ White perch
-juveniles were widely distributed throughout the river until mid-October when

they apparently moved offshore and downriver to the area of the salt front.

c. Atlantic Tomcod

Atlantié tomcod sﬁawned in‘freshwaterlor slightly brackish areas
at water temperatures bgiow 5°C. Larvae developed in either fresh or brackish
water and transformed into jﬁveniles prior to the»dccurrenée‘of 11°C water
temperaturés. Juvenile distribution was generally aséociéﬁed with the salt
vfronf and was bimodal; one peak oécurred in relatively high salinity and another

at the salt front. 'Juvenile§ were most abundant near the bottom.

d. American Shad

"American shad spawned in freshwater areas of the river, with peak
egg déposi;ion occurring when water temperatures were 11-18°C. . Most larval
development also occurred in fresh water, with transformation into juvenileé
occurring before water temperatures reached 24°C. Juyeniles began to move
to the shoals and shore zone as water temperatures increased to 24°C,Iand they
Segan to leave the river when temperaturés declined to 15°C. Juveniles wefe'
distributed widely throughdut the river until late October when they began

their seaward migration.

" 6. Movement of Marked Fish

Extensive bidirectional movements of marked. juvenile striped bass,
all ages of white perch, and adult Atlantic tomcod were noted. Apparently,

an unknown portion of the juvenile striped bass population overwintered in
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the lower river regions and white:perch oVerﬁihtered in deep areas pf the
river. Adult Atlantic tomco&‘exhibited much bidirectional movement early in
the spawning period (December) but moved downriver after_spawﬁihg in January
and February and generally left the freshwater portion of the river before

June.

7. Vulnerability to Power Plants

0f the four speeies diseuseed‘in thie report, étriped bass were most
vuinerable to entraiﬁment, especially during the yolk-sac larval stage at Rose-
ton and Danskammer. A large proportion of the white perch eggs were exposed
to power plants, particularly Bowline, Lovett, and Indian Point, but their
generally adhesive and demersal characteristics greatly reduced Vulnerability,

The exposure of Atlantic tomcod eggs to power plants could not be assessed.

‘0f the four species, American shad was apparently the least vulnefébie_to

entrainment since most of the eggs and larvae were concentrated invthe'upper

=3

river.

On the basis of exposure time, white perch is the species most vulner-
able to impingement since it is a resident species and is exposed to the plants
for ‘a much larger portion of its life span than are the other species, which
are primafily anadromous (i.e., maﬁure outside the Hudson River but return to
spawn). Striped base ekposure to impingement was greatest at the downstream
plants (BoWiine,'Lovett,’and Indian Point) during late summer and fall before

emigration from the river. Atlantic tomcod were exposed to impingement during

‘their first summer, but only at Lovett and Indian Point. Their eprsure ‘

increased during the winter épawning period, particularly at Roseton and Dan-
skammer, Young American shad leave the estuary in late fall, so they are most
vulnerable to impingement during a brief period when they pass the plants on

their migration seaward.

Overall, the degree of exposure to entrainment and impingement at the
five power plants is probably hlghest for white perch followed by strlped bass,

Atlantic tomcod and American shad in that order.
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D. ‘COMPENSATION (SECTION VI)
1. Introduction

An earlier report (TI, i975a) discussed'evidenee of compensation in
the Hudson River striped bass population. 'Striped:bass show density-dependent
growth as juveniles, and stock abundance appears to be regulated in a density-
dependent manner following a stock recruitment curve of the Ricker type. There -
has been no evidence of compensation for white perch or American shad. Addi-

tional data have been examined in this report for evidence of compensation. »

2. Conclusions B

Adult striped bass abundance at time t was plotted against an esti-

mate of recruitment (commercial catch—per—effort-data at time t + 5) for 1931-74.

A dome-shaped relationship, i.e., a Ricker-type stock recruitment curVe,'Seemed
appropriate for the data. This relationship supported the hypothesis of density-
dependent mortallty in the striped bass population and the existence of compen-

satory capability.

Striped bass and American shad stock recruitment relationships were
‘also investigated by comparing adult abundance with juvenile abundance over the
9 years that such data were available. The relationship between juvenile
abundance and adult abun&ance was not significant for either species (r = +0.531,
= 0.737 for striped bass; r = -0.011, p =‘Q.98'for American shad). Therefore.
the technique provided no additronal information on the presence or absence of

‘compensation in these fishes.

'E. LOWER ESTUARY STUDY (VOLUME III)

1. 1Introduction

The Lower Estuary Study surveyed the more saline waters below the
mouth of the Hudson River (beyond the Battery), which may serve as nursery
areas'for migratory fish of Hudson River origin. The study was partlcularly
designed to supplement the mark/recapture program for Hudson Rlver striped bass,
Atlantic tomcod, and white perch by providing marking and recapture effort in
this area. The primary areas of study were the northwest shore of Long Island

into the East River, the southwest shore of Long Island including Jamaica Bay,

the lower bay including Staten -Island, and the Hackensack River.
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2. Conclusions

The major study areas except the HaCRensaCk River contained diverse
fish fauna, both marine and anadfémous. ?earling striped bass of probable
Hudson River origin inhabit mucﬁ:bf the shore zone of western Long Island, Staten
Island, and the Hackensack River»from May through October. Young-of-the-year
striped bass apparently began moving from the Hudson River to the extreme lower
estuary in the fall or early winter. Hatchery-reared striped bass stocked in
the Hudson River during the fall appeared to move similarly to wild juveniles
and were found in many areas‘of the lower estuary by the following spring.
White perch were uncommon in' the lower estuary, perhaps having originated from
sources other than the Hudson (e.g., local streams and ponds). Young-of-the-
year Atlantic tomcod frequently occupied the lower estuary from May through
early August, but these fish were of unknown origin. Adult Atlantic. tomcod

were rare in the lower estuary study area.
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" SECTION IIT
FIELD PROCEDURES

‘This section describes the field methods and materials used in 1974
to collect and process ichthyopIankton, fisheries, and water quality samples.
The laboratory procedures for all programs were described in an earlier report

(TI, 1975a).

A. TICHTHYOPLANKTON SAMPLING

The ichthyoplankton sampling program provided data with which to de=
scribe .in this report the distribution of the key fish species (striped bass,
white perch, Atlantic tomcod, and American shad) in the Hudson River estuary.
The sampling program in 1974 comprised two major tasks: the longitudinal river

survey and the fall shoals survey. ' Table III-1 summarizes these sampling tasks.

Table III-1

Summary of Ichthyoplankton Sampling Tasks (Includlng Sampllng
Time) in Hudson River Estuary, 1974

1974 Tasks - Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Longitudinal river survey -]

Fall shoals survey #

1. Longitudinal'River Survey

The longitudinal river survey provided data with which to_describe’
.the distribution and abundance .of early life stages (eggs, larvae, and early
juveniles) of selected fish species in the Hudson River estuary. The regions
of the estuary sampled were Yonkers through Albany, river miles (RM) 14 (KM
22) through 140 (KM 224). -Samples were collected from bottom, channei, and !
shoal strata (TI, 1975a) from mid-April through mid-August using aAl.O-m2
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epibenthic sled and a l.O-—m2 Tucker trawl rigged with opening and closing plank-
ton nets (505-u mesh). The 1974 allocation of sampling effort conformed with

a stratified random design based on the distribution of the early life stages

of striped bass during 1973. - Day 6r'nighﬁ samp1iﬁg-was_COnducted (Table III-2)
for a total of approximately 100-170 samples during ééch tivgr'survéy.’.Effort
was concentraﬁed in areas in which striped bass eggs and larvae had been abundant
_invl973. Coordinates of_locationé to be sampled within each strata were selected

from a random-numbers table (TI, 1975a).

The vessels used in 1973 towed the ichthyoplankton gear in 1974. Tow
directions varied with weather conditions, sampling ldcations; and gear deploy-
ment but were generally north to south, regardless of tidal stage. Tow direc-
tion and tidal direction were recorded for every sample. Relative (to the water)
tow speeds ranged from 0.4 to 1.0 m/sec for the epibenthic sled and 0.9 to 1.2
m/sec for the Tucker trawl. Generally, a cable length/depth ratio of 1.5/1
was maintained for the Tucker trawl and a ratio of 1.8/1 for the epibenthic
sled; occasionally, however, the ratio varied with tidal velocity, tow speed énd
direction, and sampling depth. The cable length/depth ratios were monitored

using the same methods as in 1973.

Digital and electronic flowmeters mounted on the sampling gear measured
the volume of water. filtered by the net and the ‘tow speed, respectively.
Flowmeters were calibrated at the beginning of the season and at intervals

during the season.
2. kFéll Shoals Survey

The shoal survey, which was conducted from mid-August through December,
provided additional data on species composition, abundance, dis;ribution, and
movement of juvenile fishes in relatively shallow areas of the river. The
objectives were to determine the importance of shoals (areas of the river
< 6 m deep) as nursery grounds for young-of-the-year fish and mark adult white

perch and recapture marked white perch and striped bass.

Sampling was done with an epibenthic sled rigged with a single 3000-u

mesh plankton net having a l.O—m2 opening. An enlarged fyke cod-end cover had
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Table III-2

Collection Dates, River Miles (RM) Sampled, and Day-vs=Night Collections
' during 1974 Ichthyoplankton Longitudinal River Survey

River Survey Dates | Sampling Range . Time
No. Collected :(RM/KM)* Collected **

THkR Apr 16-17
42 Apr 23-25 134;44.(214‘70) Day

3 Apr 29-May 4 126-18 (202-29) Night
y May 6-11 134-20 (214-32) Night

5 May 13-18 128-12 (205-18) Night

6 May 15-18 137-44 (219-70) . Day
7 May 21-24 140-12 (224-19) Day .

8 May 23-29 ' 130-20 (208-32) Night.
9 May 28-31 143-14 (229-22) Day
10 May 30-Jun 5 132-14 (211-22) Night
11 Jun 4-7 140-14 (224-22) Day
12+ Jun 6-9 — -
13 Jun 10-14 126-14 (202-22) Day

14 Jun 12-17 134-15 (214-24) Night
15 Jun 17-23 139-14 (222-22) Night
16+ Jun 24-27 94-14 (150-22) Night
17+ Jul 1-5 93-14 (149-22) _ Night
18+ Jul 8-11 92-16 (147-26) Night
19+ Jul 15-18 93-14 (149-22) Night
‘20+ Jul 22-26 116-14 (186-22) Night
21 Jul 29-Aug 2 131-14 (210-22) Night
22 Aug 5-9 - 130-14 (208-22) Night
23" Aug 12-15 138-14 (221-22) Night

*Numbers in parentheses indicate kilometers.

**Day was defined as time between 0.5 hr after sunrise

and 0.5 hr before sunset.

- ***Test session, data.not included in report.

,:/iEquipment malfunctions, sampling effort limited or samples voided.
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been added to reduce water velocity in the cod end of the net and to increase
survival of specimens; Sampling was conducted weekly at night between RM 14
(KM 22) and RM-77 (KM 123). A stratified random sampling design was used, and
each tow was in a downstream direction (north to south), regardless of tidal
stage, at a boat speed of approx1mately 1.0 m/sec (relative to the water) for
5 min. Throughout the six regions (Yonkers-Boughkeep51e) in the»lZ sampling
strata, 100 samples per week were collected. The allocation of samples was
based on the 1973 distribution ef juvenile striped bass and white perch. Sam-
pling locatiens were selected end recorded in the eame procedure.as described

for the ichthyoplankton longitudinal river survey (TI, 1975a).

In the field, yearling and older fish were identified, enumerated,
and released. Age TI and older white perch were marked with an internal anchor

tag and released.

The juveniles of all fish species collected were returned to the lab-
oratory for identification and enumeration. Total lengths (TL) were measured

in millimeters from a random subsample.

B. FISHERIES SAMPLING

Fisheries Sampling provided data with which to describe the distri-
bution, life history, and population dynamics of juvenile and older life
stages of selected fish species (striped bass, white perch, Atlantic tomcod,
American shad, and other‘Asta spp.)- The 1974 program comprised five major
tasks: beach seine survey, 1nterreg10nal bottom trawl survey, Indian Point
standard station program, mark/recapture studies, and the lower estuary study.

Table III-3 summarizes these tasks.

Table III-3

- Summary of Fisheries Sampling Program (Ineluding Sampling Time)
in Hudson River Estuary, 1974

1974 Tasks ) Jan | Feb f Mar | Apr | May | Jun | Jul | Aug | Sep | Oct [ Nov | Dec

Beach seine survey

Interregional bottom trawling

Standard station program
Mark/recapture studies*

Lower estuary study

I PR

*During July and Auguet, only recapturing was conducted. -

i
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1. ‘Beach Seine Survey

The beach seine survey was designed . to prov1de data on specres com;
position, relat1ve abundance, dlstrlbutlon movement, and growth of Juvenlle
and adult flshes in the shore zone (depths <3 m) and to supply the major sam-
pling effort for the mark/recapture studies. 'Addltlonally, regional and total
estuary standlng crop estimates were made for Juvenlles of the selected fish
species by extrapolating beach seine catch per unit effort (C/f) values to the
total shore zone of the river. These estimates not only provided a check for
the mark/recapture estimates of the juvenile strlped bass and white perch pop-
ulations in the form of a lower bound but prov1ded a means of estimating the
minimum juvenile population size for those flSh species not 1ncluded in the

mark/recapture study. ‘

Regions of the estuary sampled wereifrom Yonkers through-Albany [RM
12-152 (KM 19-243)]. Locations were selected based on a stratified random de-
sign using a random numbers table. ColleCtionb,were made with a 100-ft (30.5-m)
beach seine on a weekly basis during daylight &rom~early.April through December.
Additionally, night sampling was done'on a wee?ly basis from early August through
November in the Croton-Haverstraw, Indian Point, West Point, and Cornwall regions_

{RM 34-61 (KM 54-98)].

To recapture fish marked during 1974 the entlre estuary [RM 12~ 152
(KM 19-243)] was sampled in 1975 on a blweekly basis (day only) beglnnlng in
early April. On alternate weeks, beach seining was concentrated in the Yonkers-
Cornwall regions [RM 12-62 (KM 19-99)]. '
2. lnterregionaI'Bottom Trawl Survey ;
. I .

' Interreglonal bottom trawllng was de31gned to prov1de data on species
comp081tlon, abundance, dlstrlbut1on, and movement of Juven1le and adult flSh
part1cularly strlped bass, wh1te perch, and Atlantlc tomcod, in shoal and chan-

nel areas of the estuary and to supply deep-water recovery effort for the striped

' bass, white perch, and Atlantic tomcod mark/recapture studies.
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An otter-type bottom trawl equipped with a small-mesh cover (12.5-mm
stretch) over the cod end sampled the estuary during daylight biweekly from
early Aprll through December. A total of 42 predetermined sampling locations
between the George Washington and Newburgh- Beacon Bridges [RM 14-62 (KM 22- 99)]
were avallable, 39 were consistently sampled until 1975, when the number was re-
duced to 32 distributed between the Tappan Zee and Newburgh—Beacon Brldges [RM :
27-62 (KM 43-99)1. . ‘

3. Indian Point Standard Station Program

~ The standardlstation program provided a data'base for yearly compari-
sons- of abundance of fish species in the vicinity of the indian Point Nuclear
Power Station [RM 39-43 (KM 62-68)] and provided a recovery.effort for marked
fish. Beach seine samples were collected weekly from March through December
with a-100-ft: (30.5-m) seine during daylight at low tideé at five sites in the
Indian Point vicinity (TI, 1975b). Bottom trawling was done biweekly from
April through December during the day at seven sites in the Indian Point vicin-
ity (TI, 1975b). Additionally, on the day preceding or following regular sstan-
dard station bottom trawling, a bottom trawl equipped with a knotless nylon cod-
end liner of 0.5-in. (13.0-mm) stretched:mesh was used from late July through
December to obtain information on individuals or species that would have passed
through the larger mesh of the unlined cod end. Surface samples were coliected
with a mod1f1ed midwater trawl'at seven sites in the Indian P01nt v1c1n1ty (TI,

1975b) b1weekly during the day from mid-July through December.

4, Mark/Recapture Studies

The mark/recapture studies were(designed to estimate_popu}ation size, B
describe movements, and evaluate survival of striped bass, white perch, and At~
'lantlc tomcod in the’ estuary The marklng program was divided into three sea-
sonal efforts. L1m1t1ng factors 1ncluded spec1es abundance ‘within the estuary

and mortality induced by hlgh water temperatures.

Atlantic tomcod were collected in box- traps (Figures III-1 and III-2)

during the winter (January-February 1974 and December 1974-February 1975).
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ULSTER LANDING 96

MIDDLE HOPE 6k
NEWBURGH 60

CORNWALL 56
STORM KING 55
BEAR MT 46

COLD SPRING 54
'INDIAN" POINT 42
VERPLANCK 41

HAVERSTRAW 37

NUMBER DENOTES RIVER MILE

'Figure-III-l; Box ‘Trap Sites for Collecting Atlantic Tomcod in Hudson River
Estuary, January-February 1974 '
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BARRYTOWN 97

POUGHKEEPSIE 75,

ROSETON 67 b NEW HAMBURG 67

DANSKAMMER 66

CORNWALL 56
GARRISON 51

BEAR MT 46 B
BOWLINE 37% @ CROTON'3

OSSINING 32

PIERMONT 25

Figure III-2. 'Box Trap Sites for Collecting Atlantic Tomcod in Hudson River

Estuary, December 1974-February 1975

NUMBER DENOTES RIVER MILE
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Beach seines and box traps were used to collect striped bass during the fall
(September-December 1974) and during the'following spring (April-June 1975),
and gill nets were used during the spring to collect large striped bass. Dur-
ing the fall, additional large (?lSO mm) white perch were collected with epi-
benthic sleds. Mark type depended on age or size and species. Before July,
young-of-the-year and yearling striped bass and white perch were finclipped;
after July, yearling and older white perchvwere tagged with either a Floy
fingerling tag (fish <150 mm) or a Floy internal anchor tag (fish 2150 mm).
Atlantic tomcod were either finclipped or'tagged with a Carlin tag. Stfiped
bass were tagged with either a Floy fingerling tag (fish 150-249 mm) or a Floy
internal anchor tag (fish 2250 mm). An attempt was made to distribute the
marking effort for all species in proportion to their abundance within the

various sampling regions.

All types of TI field samplihg gear were employed for the continual
recapture of marked fish throughout 1974 and through June 1975 (for this report).
Additional recaptures were provided by impingement sampling at each power plant
and field sampling by Lawler, Matusky, and Skelly Engineers (LMS), the New York
State Department of Environmental Conservation, and sport and commercial fishing.
Appendix C explains in detail the data collection and processing procedures

for the mark/recapture studies.

5. Lower Estuary Study

The lower estuary study was designed primarily to supplement the
mark/recapture studies through a recovery effort for striped bass, white perch,
and Atlantic tomcod marked and released in the main sampling area above the
George Washington Bridge (RM 12 [KM 19]). Selected areas below the George
Washington Bridgé were sampied with a 200-ft (61-m) haul seine from July through
November 1974 and from April through mid-July 1975. Most of these areas were
sampled also with an otter-type bottom trawl or an epibenthic sled from September
through December 1974 and in March 1975. Also, gill nets and box traps were
used from. September through November 1974 to sample many areas intermittently,
including western portions of the north and south shores of Long Island, the
eastern shore of Staten-Island, lowefANew York bay, and the Hackensack River.
Volume III of this report discusses additional methods and presents a summary

of the data collected during the lower estuary study.
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SECTION IV
HISTORICAL DATA BASE

A. INTRODUCTION !
|
|

Complete evaluation of jthe impact of power plants on Hudson River
fish stocks requires consideration of trends in abundance and the extent to
which factors other than power plants influence these trends. To evaluate the

relative effects of power plants, biological factors, and physicochemical

envoronmental factors on abundance trends, data on these factors and the abund-

~ance of four key fish species (striped bass, white perch, Atlantic tomcod,

and American shad) were gathered from a variety of sources and combined to

form the historical data base. Data from each of four components — ecological
surveys, commercial fishery landings, watér‘quality monitoring, and power plant
operation — were compiled and selected subsets analyzed according to the

following objectives:

e Summarize overall trends in abundance of striped bass,
white perch, and American shad spawning stocks in. the
Hudson River from 1931 through 1974 based on commercial

" fishery statistics

e Describe annual fluctuations in abundance in the Hudson
River of juvenile (young-of-the-year) Atlantic tomcod
from 1969 through 1974, ekcluding 1971, and American
shad from 1965 through 1974, excluding 1971

e Examine potential relationships of the annual abun--
dance of juvenile American shad and Atlantic tomcod
with various envirommental factors

® Examine potential effects of spawning stock abundance,
cannibalism, and predation on annual abundance of
juvenile American shad and Atlantic tomcod

e Examine potential relationships of combined powef plént
operations with annual abundance of Juvenlle Amerlcan
shad and Atlantic tomcod

Iv-1 services group
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B. COMMERCIAL FISHERY TRENDS

Objective: Summarize overall trends in abundance of striped
bass, American shad, and white perch spawning
stocks in the Hudson River from 1931 through 1974
based on commercial fishery statistics

1. Description of Fishery

The Hudson River is fished commercially from Weehawken, New Jersey,
to Hudson, New York, a distance of approximately 110 mi (177 km). Records
of reported commercial landings of striped bass; American shad, and white
. perch between 1931 and 1974 were obtained from Fred Blossum (National Marine
Fisheries Services, Patchogue, Long Island), along with records of the gear
used (including total square yards of licensed stake, anchor, and drift gill
‘nets and number of licensed nets of .each type) and number of licensed com-
mercial fishermen. Landing data -separated by county (New York)..and gear type
for 1965-71, 1973, and 1974 also were obtained from Fred Blossum for theseﬁ
species. County landing data for 1972 are not available and are believed to
have been lost during a change in NMFS personnel. The New York State Depart-
ment of Conservation (DEC), Albany, prorided information on maximum hours of
gill net fishing allowed per week and other*regulations during those years,
and striped bass and white perch landing data for 1942 and 1949-51 were ob-
tained from DEC annual reports in Albany, New York. Striped bass and white
perch landings for 1954 were determined by subtracting New York marine land-
ings (U.S. Department of the Interior, U.S. Fish and Wildlife Service, Bureau
of Cpmmercial Fisheries) from New York State landings (Eisheries,Statistics
of U.S., NOAA, NMFS) to approximate Hudson River landings. New Jersey com-
mercial fishing regulations were obtaiﬁed from Gene LaVerde (National Marine
Fisheries Service, Toms Rlver, New Jersey) and Bob Soweidel (Department of En-

vironmental Protection, Division Fish, Game, and Shell Flsherles, Lebanon,

New Jersey).

a. Gear

Striped bass, American shad, and white perch are taken from the Hud-
son River primarily with the gill net, a wall of webbing that is suspended ver-
tically in the water by weights (lead) on the bottom and floats on the top

line. The webbing may be constructed of natural or synthetic fibers. Mesh
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size varies, depending on the species and size of fish desired by the fisherman.
Stake and anchor and gill nets are held in position by stakes driven into the
river bottom or by anchors.ﬂ‘Driftjgill nets ére<suspended in wide stretches

of rivers and drift with the current (Rounsefell, 1975:146).

The gtake and anchor gill net_fishery is concentrated between Wee-
hawken, New Jerséy, and Peekskill, Néw York.. The drift gill net fishery extends
primarily upstream from Peekskill to Hudson, New York (Figure Iv-1). Drift,
stake, and anchor gill nets are important in the shad fishery (Burdick, 1954),
but”stake‘and anchor gill nets are primarily used to take striped bass (Table
IV¥i). Based on_lO'years of available data (1965-71, 1973, and 1974), stake and
anchor gill neﬁs were effective in taking most white perch (82%); the remaining

18% were captured in haul seines and fyke and dip nets (Table IV-1).

The total number of licensed gill nets in the Hudson River fishery
(Figure IV-2) fluctuated from 123 in 1931 to 711 in 1936. Numbers remained
high throughout World War II and during the immediate post-war years but
declined steadily after 1950, recording the lowest levels in the late 1960s
and early 1970s. The number of gill nets licensed in the Hudson River increased

to 73 and 87 in 1973 and 1974 respectively,

" The ﬁotallarea,(sqﬁare yards) of licensed gill nets varied over the
44 years, peaking at approximately 900,000 yd2 in 1938 ana declining rapidly
to <400,000'yd2 in 1942 (Figure IV-3). Yardage reached the highest reported
level in 1947 and then féll to jﬁst*over 400,000 yd2 in 1953. A slower decline
lasted into the late 1960s and early 1970s. A rather steady increase began

in 1972, and 182,000 yd2 was reached in 1974,

The average area (squaré yards) per drift gill net was higher than
the average area per stake and anchor gill net (Figure IV-4). The former had
a relatively constant pattern in the 1960s and early 1970s, a large decrease
in 1973, and an increase in 1974. vThe average area per stake and anchor gill

net remained essentially unchanged in the late 1960s and early 1970s.
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Figure IV-1.

RM 114 (KM 183) —

KINGSTON @ JJ— RM 94 (KM 150)

N

POUGHKEEPSIE

STAKE AND ANCHOR GILL
NET FISHERY

o WEEHAWKEN ¢

Locations of Major Drift Gill Net and Stake and Anchor Gill Net
Fisheries in Hudson River South of Troy, New York. (RM refers
to river mile; KM refers to kilometer)
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_Table IV-1

'Percentage_of.Reported Commercial Landings of Striped Bass,
White Perch, and American Shad Taken in Various Gear in

Hudson Rivér during 1965-71, 1973, and 1974

|
| Species
‘Striped American White
Gear Bass* Shad** Perch*
G111 nets
. Anchor and stake 93.5 73.8 - 81.8
Drift 5.0 25.6 3.2
Haul seines , 1.4 0.6 0.3
Fyke nets | 0 0 2.1
Dip nets 0 <0.01 2.6
* .
New York only.
*% . R
New York ‘and New Jersey.

The proportion of licensed.gill nets that were drift type has fluctu-
ated,'ranging from a high of 0.87 in 1932 to a low of 0,17 in 1936 (Figure IV-5).
In 1973, the proportion of drift nets was 0.68, the most since the late 1930s.

The proportion of drift nets:decreased to 0.31 in 1974.

The number of licensed commercial fishéfmen increased irregularly
from 1931 to 1947 when there were almost 1200 (Flgure IV—Z), thereafter, the
number of fishermen fell sharply until the mld 1950s and then gradually declined
to a low of <50 in 1971 before increasing to >250 in 1974. The number of 1i-
censed fishermen has been directly related to the number of licensed gill nets
(Figure IV-2), especially since the mid-1940s, indicating that most commercial

fishermen operating in the Hudson River licensed at least one gill net.
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Figure IV-2. Number of Licensed Gill Nets and Fishermen in Hudson River
from Weehawken, New Jersey, to Hudson, New York, 1931-74
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Figure IV-3. Total Square Yards of All Licensed Gill Nets!’_iri' Hudson River
from Weehawken, New Jersey, to Hudson, New York, 1931-74
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b. Regulations

The Hudson River commercial fishery is controlled by regulations de-
fining fishing seasons, restricted areas, minimum size limits, escapement (net
lift) periods, minimum distances between gill nets, maximum gill net length,

and minimum gill net mesh size.

The commercial fishing.season for striped bass in 1974 was-f?om 16
March through 30 November (New York only). There is no COmmerciallgill net
fishery for striped bass in the New Jersey areas of the Hudson River. :The'
winter fishing season for striped bass has been closed since 1949—50. ’The open
season for American shad extends from 15 March through 1 Jdne. "No commercial

netting of any kind is permitted from 15 March through 15 June on a portion of

- the major shad spawning grounds known as 'the Flats" [RM 91-96 (KM 146-154)].

A change in the regulations in 1949 eliminated ‘the use of héﬁl seines

" and fyke nets in the capture of striped bass. Since 1938, the minimum legal

_size for stripéd bass in New York has been a fork. length of ‘16 in. (406 mm);

before 1938, fhé miﬂimum size had béen'a fork length of 12 in. (305 mm). No

. minimum size limit for American shad is specified in:New York or New Jersey

. regulations.

There is no closed season or minimum limit size for white perch.

The length of the potential escapement‘pefiod for étriped bass, Ameri-
can shad, and white perch is reflected by the hoursjof'gill nét fishing allowed
per week during the 15 March~l June shad season (Figure IV-6). Since 1940, net
lift periods in New York and New Jersey have coincided; in 1959, they were set
at 48 hr/wk (6:00 a.m. EST on Friday to 6:00 a.m. EST on Sunday), thus permit=
ting 120 hr/wk of fishing. The long weekend net lift periods during the 1930s
in New York were substantially reduced in the 1940s. From 1951 through 1958,
legal fishing time for gill nets was rgduced to 108 hr/wk. Other commercial

gear can be set and operated at any time during the open season.
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Stake and anchor gill nets in New York may not exceed 1200 ft (366 m),
and drift gill nets may not exceed 2000 ft (610 m) in length. Minimum mesh
size must be at least 2.25 in. (5.7 cm) for fish other than smelt and Atlantic

tomcod. New Jersey drlft nets may not exceed 1200 ft (366 m), and the minimum

"mesh size for all legal species 1is 2 75 in. (7.0 cm).' Stake and anchor nets

licensed in New Jersey may not exceed 300 ft (91 m), and the minimum mesh size
for all legal species is 5 in. (12.7 cm). Minimum legal distance between stake

and anchor gill nets is 1500 ft (457 m).

c. ﬁandings (Yield)
1) Striped Bass

Striped bass yield (landings in pounds) increased steadily in the
1930s and early 1940s, reaching a peak of 79,000 1b in 1945 (Figure IV-7 and
Table IV-2), which corresponded with the large number of gill nets licensed.
during World War II. Landings then declined in the late 1940s and early 1950s
but reached high levels again in 1956, 1959, and 1960. Landings' declined in
the early i96OS but peaked in 1969.  Another decline resulted in a low of
18,000 1b in 1962, A peak occurred in 1973 and another decrease;in 1974.

»2) American Shad

Amefican shad landings in gill nets increased steadily from 1931 to
1944 when they peaked at 3,781,000 1b (Figure IV-8 and Table IV-3). Landings
then decreased until 1951 but increased again to 1,679,000 ib in 1956. Since
1956, American shad landings have steadily deciined except for siight increases

in 1973 and 1974.

3); White Perch
Recorded white perch landings from 1931 to 1944 are believed to have
included yellow perch landings and thus are not reliable for white perch land-
ing values (Table IV-2). White perch landings peaked in 1948, 1950, and 1958,
reaching 61,000 lb in 1935 and decllnlng to <1000 lb in the l970s (Figure IV-9
and Table IV-2). 1In 1973 and 1974 white perch landlngs were approx1mately
800 1b.
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Figure IV-7. Striped Bass Landings in Hudson River, New York, 1931-74
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Table IV-2

Commercial Fishery Statistics for Striped Bass and White Perch Taken from Hudson River in New York, 1931-74

Stake and R ?3lliﬁ§t Striped Bass  White Perch
* Landings of Landings of  Anchor GITT — Drift Gill . o -Total GiTl  pjjo4eq poil Net Yield per Yield per

Striped Bass ~ White Perch ets els: -t T Nets Weekly 1shing Effort_ Effort Effort

Year (1b) (1b) (yd®) (yd®) (yd®) (hr) (f) (yd“<he107") (Y/f) (Y/f)
1931 5,330 14,436 12,167 315,298 327,465 108 35.36 151 408
1932 4,508 16,3251 9,072 376.884 385.956 108 41.68 108 392
1933 ¢ 13,616 19,235 13,370 204,873 318,243 108 45.17 301 426
1934 10,905 31,225 © 21810 505050 507,460 108 54.81 199 570
1935 18,667 60,552 - B 317.555 108 34.30 544 1,766
1936 20,120 46,856 32,240 368,490 400,730 108 43.28 265 1,083
1937 28,854 26,538 3.599 595,499 599,098 108 64.70 446 - 410
1938 24,579 35,4211 6.993 727,751 734.744 108 79.35 310 446
1939 29.937 24.479 4,632 551,604 556236 108 60.07 - 298 407
11940 34,634 39,856 103,176 426,850 530,026 108 57.24 605 696
1941 21,336 26,426 25,142 430,094 455.236 132 60.09 355 773
1942 23,565 37.457 59.628 188,300 247.928 132 32.73 720 1,144
1943 30,889 30,155 13.280 460,880 474,160 168 79766 388 379
1944 60.918 13,848 166,211 - 474.500° 640,711 168 107.64 566 129
" 1945 79,350 17,166 69,400 675,500 744.900 132 98.33 807 175
1946 50,622 8.458. 112,800 680,500 793300 132 104.72 483 81
1947 48,453 8,992 85,500 806,000 891,500 132 117.68 412 19
1948 - 38.830 - 21,028 91,000 794,000 885,000 132 116.82 332 180
1949 9133 - - 11,784 57025 621,000 678,125 132 89.51 102 132
1950 9,539 20,108 55,628 538,500 594,128 132 78.42 122 256
1951 £ 17338 6.067 40,275 390,400 430,675 96 41.34 419 147
1952 29.847 2.901 41,025 340,100 381.125 108 41.16 725 70
1953 19,352 9.320 41,280 316,255 357.535. “108 38.61 501 241
1954 56.,000* ~ 8.000* 68,670 378,800 447,470 108 28.33 1,159 166
1955 73,400 9.205 1137340 2512177 364.517 108 39.38 1,864 234
1956 92,824 3.446 114,526 209.707 324,233 108 35.02 2,651 98
1957 84,500 6,000 113,415 199,163 312,578 108 33.76 2,503 178
1958 77.100 12,500 112,385 182,324 294.709 108 31.83 2422 393
1959 . 133,100 8.400 101,359 145,489 246.848 120 29.62 4,494 284
1960 132,900 4.350 92.960 144,415 237.375 120 28.49 4.665 153
1961 70,700 6.300 92,639 125,873 218512 . 120 26.22 21696 240
1962 48,100 4,100 96,329 113,059 209,388 120 25.13 1,914 163
1963~ 46,700 5,800 66,434 101,784 168,218 120 20.19 2,313 . 287

. 1964 290500 . 5.700 57,423 103,484 - 160,907 120 19.31 1,528 295
1965 36,700 v 3,600 54,448 94,822 149,270, 120 17.91 2,049 201
1966 44,342 1,130 50,280 74.480 124,760 120 14.97 2.962 75
1967 54,642 1,430 41,782 73.748 115,530 120 13.86 3,942 107
1968 60,800 . 1,700 150,600 87720 - 138,320 120 16.60 3,663 102
1969 77155 2,600 58,125 71,390 129.515 120 15.54 4.965 167
1970 ° 45.900 1,400 59,390 83,965 143,355 120 17.20 2,669 81
97 24,747 200 38,912 76.315. 115,227 120 13.83 1.789 14
1972 17.946 — 43,994 76,316 120,310 120 - 1444 1,243 -
1973 67,035 847 38,703 92,024 130,727 120 15.69 4.272 54

- 1974 30,331 780 110,580 66,348 176.928 120 21.23 1,429 .

*Estimated landings from New York state and New York marine 1and1ngs statistics,

tBelieved to include yellow perch landings.
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Commercial Fishery Statistics for American Shad Taken from Hudson River between

Table IV-3

Weehawken, New Jersey, and Hudson, New York, 1931-74

_9T*AI y

. : Gill Net
Landings (1b) Stake and Drift Total s sy Fishing .
. . . Gill Net Fishing Gill Net
Anchor G;l] Nets  Gill gets GiTl gets Allowed Weekly (hr) Ef;qrt (f% Yield per
Year Haul Seines Other Gear Gill Nets (yd®) {yd“) (yd®) NY NJ (yd“+h-10"") Effort (Y/f)
1931 3,815 1,438 409,358 19,167 315,298 334,465 108 168 36.54 11,203
1932 1,350 100 528,304 18,748 376,884 395,632 108 168 43,31 12,198
1933 1,670 - 517,010 28,760 406,871 435,631 108 168 48.09 10,751
1934 3,000 4,800 430,200 27,330 505,050 532,380 108 168 58.99 7,293
1935 10,200 8,600 828,600 . . 353,735 108 168 40,37 20,525
1936 16,800 700 2,450,400 103,180 368,490 471,670 108 168 55.20 44,391
1937 - 19,700 2,712,500 137,375 597,529 734,904 108 168 87.52 30,993
1938 11,600 2,455,400 151,472 729,111 880,583 108 168 103.85 23,644
1939 59,600 3,211,100 159,210 552,804 712,014 108 168 86.24 37,234
1940 15,900 3,098,500 232,808 430,379 663,187 108 108 71.62 43,263
1941 4,600 3,128,900 94,511 432,106 526,617 132 132 69.51 45,014
1942 2,900 1,100 3,181,900 183,384 191,100 374,484 132 132 49,43 64,372
1943 11,400 4,000 3,209,950 132,859 462,970 595,829 168 168 100.10 32,068
. 1944 28,300 3,781,100 284,601 475,835 760,436 168 168 127.75 29,598
1945 48,800 28,600 3,399,800 214,400 677,700 892,100 132 132 117.76 28,87
- 1946 23,300 2,948,843 422,800 680,500 1,103,300 132 132 145.64 20,247
1947 42,900 4,600 1,934,292 519,360 806,000 1,325,360 132 132 174,95 11,056
1948 65,500 2,288,900 .. . 322,160 800,360 1,122,520 132 132 148,17 15,448
1949 43,300 1,684,070 425,686 653,500 1,079,186 132 132 142,45 11,822
1950 27,900 981,000 387,828 583,080 970,908 132 132 128.16 7,654
1951 7,400 756,700 224,915 390,400 615,315 96 96 59.07 12,810
1952 3,200 1,073,900 180,027 340,100 520,127 108 108 56.17 19,119
1953 3,400 935,322 99,600 316,255 415,855 108 108 44,91 20,827
1954 4,225 1,245,061 104,267 379,889 484,156 108 108 52.29 23,811
- 1955 3,000 1,507,340 150,008 252,777 402,785 108 108 43.50 34,651
- 1956 2,000 1,679,166 168,826 210,151 378,977 108 108 40.93 41,025
1957 . 3,100 1,494,580 158,495 199,913 358,408 108 108 38.71 38,610
1958 2,31 1,043,454 140,793 182,768 323,561 108 108 34,94 29,864
1959 1,134 1,170,078 132,225 146,022 278,247 120 120 33.39 35,043
1960 3,281 720,291 125,463 145,109 270,572 - 120 120 32.47 22,183
1961 1,800 587,189 122,661 125,873 . 248,534 120 120 29.82 19,691
1962 2,400 525,280 127,281 113,059 240,340 120 120 28.84 18,214
1963 1,700 346,318 85,677 105,338 191,015 120 120 22,92 15,110
1964 181,865 74,555 103,484 178,039 - 120 120 21.36 8,514
1965 237,521 62,203 94,822 157,025 120 120 18.84 12,607
1966 116,332 55,791 74,480 130,27 120 120 15.63 7,443
1967 176,358 52,893 73,748 126,641 120 120 15.20 11,603
1968 254,372 61,555 87,720 149,275 120 120 17.91 14,203
1969 243,104 61,209 71,390 132,599 120 120 15.91 15,280
1970 231,571 162,474 ~83;965 146,439 120 120 17.57 13,180
1971 170,798 41,911 76,315 118,226 120 120 14.19 12,037
1972 288,760% 46,994 76,316 123,310 120 120 14.80 19,511
1973 5,000 247,205 41,703 92,024 133,727 120 120 16.05 15,402
1974 9,500 10 222,121 115,913 66,348 182,261 120 120 21.87 10,156
*These records supersede data presented in earlier report (TI, 1975a).
tMay also include Tandings in haul seines and other gear.
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2, 1Index of Fishing Effort
a. Calculation of Fishing Effort

'An index of fishing effort (f) for each year between 1931 and 1974
was calculated as the product of square yards of all licensed gill nets;
hours of legal gill net fishing per week, and a scaling factor: -+

f = yd2 *h - 107°

‘Gill net data were used to generate the index of fishing effort
because the breakdown of 1965-71, 1973, and 1974 catches by gear (Table IV-1)
indicated that the majority of striped bass, American shad, and white pefch
had been taken in gill nets (anchor, stake, and drift). The square yardage
of nets licensed in New York waters was used to calculate the index of striped
bass and white peith'fishing effort; the square yardage of nets licensed in
New York and'New Jersey was used to calculate American shad fishing effort.
Fishing efforts for New York and New Jersey were calculated separately and
then summed because of the difference in legal fishing hours per week (Figure -

IV-6).

b. Trends in Fishing Effort
1) ;American Shad

The index éf gill net fishing effort for American shad in New York .
and New Jersey increased ffom 1931 through the late 1930s and then declined
rapidl§ to a low in 1942 (Figure IV-10 and Table IV-3), Fishing effort then
increased rapidly to the highest recorded level‘in'l947 when yardage was at its {
peak and 132 hr/wk of fishing was allowed. Effort remained high until 1950
and declined abruptly in 1951, with the decline continuing gradually through
the 1950s and early 1960s. A stabilization at very low levels occurred in the

late 1960s and early 1970s. A slight increase occufred.in 1973 and 1974,

2) Striped Bass and White Perch

The gill net fishing effort index for striped bass and white perch

(New York only) increased irregularly during the 1930s and 1940s, reaching its
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highest value in 1947 (Figure IV-11 and Table IV-2). There was a rapid de-
cline during the late 1940s and early 1950s, and a. low was reached in 1953.
.Fishing effort increased slightly in 1954 and then steadily declined through
the late 1950s and the 1960s. From 1971 to 1974, effort increased slightly.

The declining trend in commercial fishing effort in the Hudson over
the last 28 years is evident also in the number of licensed fishermen (Figure
IV-2). A major factor contributing to the decline in fishing effort seems to

have been the steady departure of older fishermen without replacement.

3. Abundance Index
a. ‘Calculations, Assumptions, and Biases

A yield-per-effort index of abundance (Y/f) was developed to esti-
mate relative striped bass, American shad, and white perch stock sizes since
1931. Effort was.represented by the appropriate index of fishing effort (f),
and yield (Y) was the reported commercial landings in pounds (1b). Therefore,
‘the Y/f for each of the three species was estimated as follows:

1b landed

C Y/ £

Shad landings in the entire region of the river from Weehawken, New

Jersey, to Hudson, New York, were used in abundance calculat;ons (Table’IV—B)
since American shad were well represented in the catch of both stake-anchor and
drift nets (Burdick, 1954; Talbot; 1954). Striped Bass and white perch abun-
dance indices were based on New Ybrk landings only (Table IV-2) since striped
bass may not be legally‘fakenlin gill nets in New Jersey and there are:records
of white perch landings in NewAjersey. White perch abundance index values from
l93l‘to 1944 are unreliable indicators ainCe they are believed to be based on

an unknown percentage of yellow‘ﬁérch landings as well.

The use of commercial Y/f statistics as valid indices of striped bass,
American shad, and white perch abundance requires the satisfaction of two as-
sumptlons that the catch and effort records be accurate or at least represen-
tative of the actual data and that the Y/f index vary d1rectly with stock abun-

dance.
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Several potential sources of bias may influence the Y/f'values. The
index of fishing effort assumes that the proportional utilization of all licensed
nets and hours of fishing allowed per week is constant throughout all years.
Therefore, factors affecting.either the square yards of liéensed gill nets in
use or the number of hours actually fished per week would cause actual fishing
effort to fluctuate, For example, stormy weather may limit the actual hours
per week that the fishermen tend their gill nets. Also, dramatic increases in
the retail prices of fish, meat, and poultry from 1972 through 1974 (USDC, 1974)
could have caused an unmeasured increase in fishing effort, i.,e., a higher pro-~
portion of licensed nets than usual or longer hours of fishing and'mqre ffequent
tending of nets. These factors have always existed to some extent, creéting

measured fluctuations in fishing effort. However, there is no way of correcting

. for any biases introduced by these factors.

An error affecting square yardage is sugpected in the numbeﬁ of

. stake gill nets reported by the U.S. Fish and Wildlife Service for the New York
Hudson River shad fishery between 1934 and 1945 (ﬁedeirds, 1974), The number

‘ of stake gill nets was very-large on alternate years, whereas neither the catch
by stake gill nets nor the number of drift gill nets fluctuated in this manner,
. If fishermen were to license many nets but not use them all maximally, éffort

would be overestimated by our methods. Conversely, Y/f would be underestimated.

The accuracy cf the catch data also affects the accuracy of the
~abundance indices. Numerous factors may cause errors in reporting fisheries
statistics (Medeiros, 1974): individual fishermen may not keep accurate records
of catches or honestly report'their landings; inaccurate transcription of data
by collecting agencies is possible; and, in the case of shad, large numbers of
bucks are often thrown overboard to prevent their low value from depressing

N

- the prices of more highly valued females.
b. Abundance Indices

1) Striped Bass

Striped bass abundance. fluctuated at low -levels until a marked increase

in 1954 and 1955, Since that tiﬁe, stock abundance has varied but has been
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well above pre-1955 levels (Figure IV—lZ,éndzTable IV-2), The replacement of
natural fiber gill nets by nyloh nets in the mid-1950s may have produced the
increase in abundance in 1954 and 1955 due to the probable increased effective-
ness of nylon nets. Changes in commercial fishing regulations, which eliminated
the use of haul seines and fyke nets and closed the winter fishing season, pre-
sdmably reduced fishing préssuré in 1949 and 1950 and may have permitted
increased escapement spawning success, first reflected in the commercial catch

5 tb 6 years later (l954vand 1955)'when those year classes were fully recruited
to the fishery. Since the mid-1950s, stock abundance has peaked three times —
1960, 1969, and 1973. Levels were low in 1964, 1972, and 1974,

i2) American Shad

ThelAmerican shad abundance index fluctuated from 1931 through 1972.
Peaks occurred in 1936, 1942, 1956, and 1972. Abundance was relatively low in
1934 1950, 1966, and 1974 (Flgure IV-13 and Table IV-3). Hudson River shad
abundances through 1951, reported by Burdick (1954) and Talbot (1954), corre-.
‘ spgnded=roughly with our Y/f values; Burdick's abundance values corresponded
: most-closely with our data because Talbot weighted the New Jersey nets five
times as.heavily as the Neﬁ York nets as the result of tagging studies conducted
in 1950. Both Talbot's and Burdick's calculated abundance values may have been
less‘accurate than our values: they used numbers of nets rather than area
of nets for part;df their index of fishing effort, and individual gill net size

varies tremendously.

3) White Perch

‘White perch abundance fluctuated throughout the 44 years, reaching
highest Y/f values in 1935 and 1942 (Figure IV-14 and Table IV-2), These two
peaks occurred when yellow perch laﬁdings are believed to have been included
in white peréh landing records. This would have caused Y/f vélues to have been
biased high. From 1944 to 1974, white perch abundance values declined and were
relatively constant compared with pre-1944 values. Abundarce declined further

from 1970 to 1974.
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Interpretation of white perch Y/f values is difficult because commer-

cial fishermen have altered their gear and fishing methods to avoid catching

the numerous small (less than optimum marketable éize) white perch (Bob Gabriel-

son, Hudson River commercial fisherman, personal communication). Also, these

abundance estimates do not include white perch fishing effort by haul seines

and fyke and dip nets because these gear are difficult to quantify.

4, Summary

Trends in the abundance of striped bass, American shad, and white

perch stocks in the Hudson River (1931-74) based on commercial fishing can be

summarized as follows:

C. YEAR-CLASS ABUNDANCE

Commercial gill net fishing effort has declined dras-
tically since the mid-1940s, but 1973 and 1974 exhibited
a slight increase. : '

Striped bass abundance fluctuated irregularly at a rela-
tively low level from 1931 through 1954 and fluctuated at
higher levels from 1955 through 1974 than before 1955,

American shad abundance had its highest recorded level
in 1942 and then declined until 1950 but increased
through the mid-1950s. Abundance between 1955 and 1974
declined from a peak in 1955 to a nadir in 1964 and
increased irregularly to another peak in 1972, then
decreased through 1974, '

White perch abundance decreased in 1944 after reaching
high values in 1935 and 1942; since 1944, it has fluctu~
ated at relatively low levels. A generally diminishing

- market demand for white perch and all adjustments of

fishing gear and effort to avoid white perch make the
decline in the Y/f index of abundance difficult to
interpret,

Objective: Describe annual fluctuation in abundance in the Hudson

River of juvenile (young-of-the-year) Atlantic tomcod
from 1969 through 1974, excluding 1971, and American
shad from 1965 through 1974, excluding 1971
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Since 1936, there have been 12 years of ecological surveys of por-
‘tlons of the Hudson River- blota. TI examined subsets of this data base to
descr1be fluctuations in the abundance of juvenile Atlantic tomcod from l969
through 1974 and juvenile Amerlcan shad from 1965 through 1974; 1971 was, ex-—
cluded in both cases because samples were insufficient. Annual abundance
trends of Juven1le strlped bass and white perch have already been dlscussed J

in an earller report (TI, 1975a).

1. Methods

N
\

The underlylng assumptlons, gear comparablllty adJustments, time-
period selectlons, and calculations of annual abundance 1nd1ces from catch A
data in beach seines were described in a previous report (TI, 1975a). To use -
these catch data in a comparative'manner, the relative‘efficiencies of the
50-ft (15.2-m), 75-ft (22.9-m), and lOO—ft (30.5-m) beach seines must be con-
sidered. 1In both 81ze and deployment procedure, the 50-ft seine is the least
similar and potentlally least efflclent TI conducted an efficiency test of
a 50-ft and 100-ft seine comparing the catches on the basis of per unit area
swept. The 75-ft and 100-ft seines were not compared because it is highly
probable that they have 31m11ar efficiencies when expressed on the basis of

catch per unit area swept

Gear efficiency was tested in the Hudson River on an extensive beach
area on the north side of Croton Point on 19 September 1974. The 50—ft seine's
dimensions‘and deployment were comparable.to those used by'NYU in 1965-69 (Table
Iv-4). A standard 100- ft beach seine was deployed in the normal RAY-TI manner
(Table IV-4 and TI, 1975a). - '

All seine hauls were made adjacent to one another, with a minimum of
30 m between them, between 0830 and 1230 on the same day. During the tests,
tides shifted from high slack to ebb. ‘ .

Juvenile striped bass represented the only species and age group caught
in sufficient numbers for comparison, but it is assumed that the results are ap-

plicable to other key species.
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Table IV-4

Beach Seine Information from Ecological Survey Subsets of Historical Data Base Used To Assess Annual

Fluctuations in Juvenile American Shad Abundance, Hudson River, 1965-74 (Page 1 of 3)

Study . . Sampling Station
(data base Month Length Identification River
subset) Year Sampled (fe)t Mesh Size Deployment Method Number Milett Shore
New York 1965 Jun 50 (15.2) 0.38-in, stretch Pulled parallel to IW3 27 (43) West
University Jul shoreline from dis- IIWl 41  (66) West
(NYU) Aug tance offshore where IIW2 45 (72) West
depth < 4 ft (1.2 m) IIW2A 57 (91) West
IIIW2 68 (109) West
IVWl 87 (139) West
. 1966 Jun 50 (15.2) 0.38-in. stretch Pulled parallel to IW3 27  (43) West
Jul shoreline from dis- IIWl 41  (66) West
Aug tance offshore where IIE1l 41  (66) West
depth > 4 ft (1.2 m) I1E3 44 (70) East
B 1IW2 45 (72) West
IIW2A - 57 (91) West
IIIW2 60 (96) West
"TVW1 87 (139) West
VW2 96 (154) West
IVW3 102 (163) West
VW4 105 (168) West
1967 Jun 50 (15.2) 0.38-in. stretch Pulled parallel to IW3 27  (43) West
Jul shoreline from dis- 1IWl 41 (66) West
Aug tance offshore where 1IW2 45 . (72) West
depth > 4 ft (1.2 m) IIW2A 57 (91) West
I1TW2 68 (109) West
VWl 87 (139) West
VW2 96 (154) West
1968 Jun 50 (15.2) 0.38-in, stretch Pulled parallel to IW3 27 (43) West
Jul shoreline from dis- I1IEL 41 (66) East
Aug tance offshore where IIW1 41  (66) West
depth < 4 ft (1.2 m) . I1Iw2 45 (72) West
IIW2A 57 (91) West
VW1 87 (139) West
VW2 96 (154) West
IVW3 103 (165) West
IVW4 105 (168) West
1969 Apr 50 (15.2) 0.38-in. stretch Pulled parallel to I11E1 41 (66) East
May shoreline from dis- IIWl 41 (66) West
Jun tance offshore where IIW2A 57 (91) West
Jul depth > 4 ft (1.2 m) VWl 87 (139) West
Aug
Sep

dno4b saojales

*
Sampled from Sep-Dec only.

'Numbers in parentheses indicate meters.,

TiNumbers in parentheses indicate kilometers.
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Table IV-4 (Page 2 of

Sampling Station

Study
(data base Months Length Identification River
subset) Year Sampled (fe)+ Mesh Size Deployment Method Number Milett Shore
Raytheon 1969 Jun 75 (22.9) 0.25-in, bar -+ 75 ft Set perpendicular to 31 35 (56) West
(RAY) Jul until Sep 0.38-1n. bar (wings) shoreline and then 32 35 (56) East
Aug 10, then M ° } 100 ft towed around in a semi- 33 40  (64) East
Studies in Sep 100 (30.5) {10.25-in. bar (bag) circle to shore 34 42 (67) East
vicinity Oct : ’ 35 43 (69) West
of Nov 36 44 (70) East
Indian Point Dec 37 47 (75) West
38 ~ 40  (64) West
39 41  (66) _East
1970 Apr 100 (30.5) Set perpendicular to 31 35 (56) West
May shoreline and then 32 35  (56) East
Jun towed around in a semi- 33 40 (64) East
Jul circle to shore 34 42 (67) East
Aug 35 43 (69) West
Sep 36 44 (70) East
Oct 37 .47 (75) West
38 40 (64) West
39 41 (66) East
Texas 1972 Apr 75 (22.9) U.5-in. stretch » 75 ft Set perpendicular to 6 35 (56) East
Instruments May at 0.75-in. stretch (wings) shoreline and then 7 32 (51) East
(TI) Jun stations ) } 100 ft towed around in a semi- 7A 34 (54) East
Hudson River Jul 6, 7, 7A 0.5-in. bar (bag) circle to shore 8 43 (69) East
Ecological Aug 9 42 (67) West
Study Sep 100 (30.5) 10 42 (67) East
Oct at 11 40 (64) West
Nov stations 12 40 (64) East
Dec 8-12 IB* 52 (83) East
: CNM* 54 (86) West
LSP* 55 (88) East
CN* 57 (91y West
PP* 58 (93) West
DP* 59  (94) East
13* 38 (61) East
14% 38 (61) West
% .
Sampled from Sep-Dec only.
tNumbers in parentheses indicate meters.
"'Numbers in parentheses indicate kilometers.
Ll
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Table IV-4 (Page 3 of 3)
Sampling Station
Study
(data base Month Length Identification River
subset) Year Sampled (fe)+ Mesh Size Deployment Method Number Milet+t Shore
1973 - Apr 100 (30.5) 0.75-in., stretch (wings) Set perpendicular to 8 43 (69) East
Ma . shoreline and then 9 42 (67) West
Juz 0.5-in. stretch (bag) towed around in a semi- 10 42 (67) East
Jul circle to shore 11 40 (64) West
Aug : 12 40 (64) East
Sep Plus Sites " East
Oct random-site from
Nov beach-seine M and
Dec survey 12-152 o
(19-243). . | . West
1974 Apr 100 (30.5) 0.75-in. stretch (wings) Set perpendicular to 8 43 (69) East
Ma 3 shoreline and then 9 42 (68 West
Y 0.5-in. stretch (bag) towed around in a semi- 10 42 E63;' East
circle to shore 11 40  (64) _West
: 12 40 (64) East
n 20 40 (64) East
21 40 (64) East
20 40 (64) East
21 40  (64) . . East
Plus
random-site Sites East
beach-seine from )
survey RM and.
12-152 West
(19-243)

* Sampled from Sep-Dec -only
t Numbers in parentheses indicate meters.

++ Numbers in parentheses indicate kilometers,
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A péired experimental design systematically reversed the seine pair
sequence to eliminate ‘any possibilities of a systematic bias resulting from
disturbance by the previous gear in any given pair. The sequence of eight

pairs was as follows:

ABAB - BABA - ABAB BABA
where
A = 100-ft seine
B =.50-ft seine

The area swept by each seine was calculated by measuring the distance
x for each 100-ft seine»haul-(Figufe-IVQIS) and the distaﬁces'z‘and_g for each
50~ft seine haul (Figure IV-16), Thrée paifed tests were used to analyze the
data: Wilcoxon signed rank, log (x + 1) transform t, and square root.trans-
form t. The three unpaired tests were Wilcoxon rank sum, log (X + 1) transform
t, and square root transform t. Catches in the two seines were compared on the

basis of catch per unit area swept (No. /10, 000 ft2 swept).

On a catch-per-unit-area swept basis, there were nd significant dif-
ferences (a = 0,05) between the 50-ft (NYU) and 100-ft (RAY and TI) seines
in catches 6f juvenile striped bass (Table IV~5), Based on this single‘compari—
son, the assumption appears to be valid that the efficiencies of the 50-ft
beach seine deployed by NYU during 1965-69 and the 100-ft beach seine deployed
by RAY and TI during 1969~74 were similar when catches were expressed on the

basis of per unit area swept.

2. Abundance Indices
a.‘ American Shad

An abundance index of juvenile American shad was calculated for all
years from 1965 through 1974, except 1971, using catch data from beach seine
samples collected during the New York University (NYU) surveys, 1965-69; the
Raytheon Company (RAY) studies in the area of Indian Point, 1969-70; and the
Hudson River ecological study conducted by Texas Instruments (TI), 1972-74.
Although the Hudson River Fisheries Investigation (HRFI) also sampléd with
beach seines during 1965-68, the area swept per seine haul was not recorded,

'so the data could not be used to calculate an abundance index.
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Table IV-5 v
Comparison of Juvenile Striped Bass Catch per 10,000 th Swept (CPUA)

for 50-Ft Beach Seine (as Deployed by NYU, 1965-69) and 100-Ft
Beach Seine (as Deployed by RAY, 1969-70, and TI, 1972-74)

100-Ft Beach Seine - | 50-Ft Beach Seine -
Catch per ' ' Catch per )
. Area swept { 10,000 Ft2 Area gwept | 10,000 Ft2 .
Pair | Catch (fte) Swept (CPUA) | Catch (fte) Swept (CPUA) :
1 84 4844 173.4 | 1 1628 | 6.1
2 | a7 | ases 97.0 0 1840 - 0 *
3 7 4844 14.4 2 1350 14.8
4 26 4844 53.7 5 1410 35.5
5| 17 4844 35.1 8 1425 56.1
6 5 | 4844 10.3 1 1457 6.9
7 5 4844 10.3 1 1358 81.0
8 15 4844 | 31.0 5 1455 34.4
Fluctuations 'in juvenile shad abundance were examined for two sets
of data: : » ' ' : | |

e 1969-74 (except 1971), standard stations, Indian Point
area, August-October

o 1965-74 (except 1971), riverwide, July-August

b. Atlantic Tomcod

Annual abundance indices for juvenile Atlantic tomcod were calculated
using bottom trawl catch data collected at sﬁandard stations (Indian Point) by
the RAY studies (1969-70) and TI studies (1972-74), Table IV-6 compares bottom
trawl types, cod-end mesh sizes, deployment methods, and éampling stations.,

The choice of time periods was limited because before July 1969 RAY had done

little trawl sampling.

Five vears of bottom trawl data collected by RAY (1969-70) and TI
(1972-74) from four standard stations in the vicinity of Indian Point were
compared using mean catch per tow (C/f) for July, August, and September of each

year as the index of abundance for juvenile Atlantic tomcod., Standard stations
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were chosen because of their comparability over a relatively long time period,
and trawl surveys covering extensive areas of the river have been taken only

during 2 years (1973 and 1974) (Table IV-6), which is an insufficient time in-

terval in which to detect trends in the data.

The. Indian Point region should produce a valid abundance’index'for
the time period in which data are available (July and later months). Juvenile
Atlantic tomcod are concentrated in the lower estuary early in thevyear'but
move upstream in the sumﬁer months, apparently following the salt wedge (Sec-

“tion V and TI, 1975a); therefore, they are present in the Indian Point area .
during the months used for the abundance index (July-September). It is as-
sumed that an abundance index calculated from samples taken during late sum-
mer reflects year-class strength even though considerable mortality and emi-

gration may have occurred between April and June.

RAY stations 12, 11, 10, 16, 8, and 9 corresponded to TI stations
2, 3, 4, 5, 6, and 7, respectively; RAY stations 11 and 8 were not directly
comparable to TI stations 3 and 6 because tow depths varied greatly between
the two studies even. though longitudinal location of the stations remained
COnstaﬁt. Therefore, only the four remaining stations were used to calculate

the abundance index.

A comparison of the total number of tows taken during July, August,
and September (day only) at RAY stations 12, 10, 16, and 9 and at TI stations
2, 4, 5, and 7 yielded the following:

Study Year No, of Tows
RAY 1969 32
RAY 1970 : 68
TI 1972 51
TI 1973 28
TI 1974 28

Certain assumptions and catch correction factors were applied to

' provide the necessary comparability for analysis of these bottom trawl data.
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Table IV-6

Bottom Trawl Information from‘Ecological Survéy Subsets of Hudson River
Historical Data Used To Assess Annual Fluctuatiomns in Juvenile Atlantic
Tomcod Abundance (1969, 1970, 1972, 1973, 1974)

Gear Deployment Sampling Station
Study Type, o
(data base Month Length, Cod-End Tow Tow Tow Identification
subset) Year Sampled Etc. Mesh Size- Speed  Duration Direction Number RM (kM)
Raytheon (RAY) 1969  Jun 25-ft (8-m) 1.25-in. About 3 10 min Against 3 35 56,3
studies in Jul semiballoon “stretch mesh knots until the 4 . 35 56.3;
vicinity of Aug- bottom trawl; with 0.25-in, (5.1 fps) 8 Aug flow 5 36 (57.9)
Indian Point Sep doors 36 in. stretch mesh when 6 38 . (61.1)
Oct - long x 17 in. nylon liner changed 7 38 (61.1)
Nov wide to 7 min 8 39 (62.6)
Dec B 9 40 (64.4)
10 42 (67.6)
1 42 (67.6)
12 44 (70.8)
13 45 (72.4)
14 47 (75.6)
15 40 (64.4)
' 16 a (65.9)
1970 Mar 25-ft (8-m) 1.25-in, About 3 7 min Against 3 35 §56.3)
Apr semiballoon stretch mesh knots the’ 4. 35 56.3)
May bottom trawl; with 0.25-in. (5.1 fps) flow 5 36 557.9)
Jun doors 36 in. stretch mesh 6 38 . 61.1)
Jul long x 17 in. nylon liner 7- 38 (61.1)
Aug wide 8 39 (62.6)
Sep i 9 40 - (64.4)
Oct 10. 42 (67.6)
n 42 . . (67.6)
12 44 (70.8)
13 45 (72.4)
14 47 (75.6)
15 40 (64.4)
16 41 (65.9)
Texas 1972 Apr . 25-ft (8-m) 1.50-1in. - 3-4 fps 10 min- . Against 0-1 35 (56.3
Instruments . May " semiballoon stretch mesh : the 0-2 33 (53.1
(TI) Hudson Jun _bottom trawl; cod end, no flow 0-3 32.5 252.3)
river Jul -~ doors 30 in. liner 0-4 31 49.9)
ecology study Aug - tong x 16 in. 0-5 30 (48.3)
Sep wide 1 43 (69.2)
Oct 2 43 (69.2)
Nov 3 42 (67.6)
Dec 4 42 (67.6
5 4 (65.9
6 39 (62.6)
7 0 (64.4)
15 38 (61.1)
16 38 (61.1)
1973 Mar 25-ft (8-m) 1.50-1in. 3-4 fps 10 min Against 1 43 (69.2)
Apr semiballoon stretch mesh for the 2 43 (69.2)
May bottom trawl; cod end, no standard flow 3 42 . (67.8)
Jun doors 30 in. - liner stations, 4 42 (67.6
Jul Jong x 16 in. 5 min for 5 41 (65.9
Aug wide for stan- interreg- 6 39 (62.6)
Sep dard stations ional 7 40 (64.4)
Oct and 48 in. trawls
Nov long x 30 in. . {also RM-
Dec wide for in- 24-61)
terregional
trawls
1974 Mar 25-ft (8-m) 1.50-1n. 3-4fps 10 min.  Against 1 43 (69.2)
Apr semiballoon stretch mesh for the 2 43 (69.2)
May bottom trawl; cod end; also standard flow 3 42 (67.6)
Jun doors 30 in. 0.5-in, “stretch stations, 4 42 (67.6)
Jul Tong x 16 in. mesh liner for 5 min for 5 4 (65-9;
Aug wide for stan- standard sta- interreg- 6 39 (62.6
Sep dard stations tions and 0.5- ional 7 40 (64.4)
Oct and 48 in. “in. stretch (a1 RM
Nov Tong x 30 in. cod-end cover g Z?
wide for in- for inter- 12-61)
terregional regional
trawls trawls
1v-36 services group
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Since TI had not used a small mesh liner in the trawl cod end during 1972 and
1973 (Table IV-6), trawl catches from those yvears were adjusted to makimize

comparability, The monthly correction factors applied touTI catdhés in 1972

"and 1973 were estimated from comparisons of TI's 1974 and 1975 interregional

bottom trawl catches ‘of juvenile Atlantic tpmtod in the cod end [l.50—in.‘
(38-mm) stretch mesh] and the cod-end cover [0.5-in. (13-mm) stretch mesh].
Biweekly catch per effort (C/f) in the cod end and cod-end cover was used to

calculate a correction ratio as follows:

C/f in cod end + C/f in cod-end cover
C/f in cod end

Ratio =

The two biweekly ratios within each month (July, August, September)
wefe_averaged for 1974 and 1975 to yield monthly catch correction factors that
were aséuﬁed to be estimates of the percentage change in TI's 1972-73 bottom
trawl catches had the trawl cod-end liners.been present. Then, TI's 1972-73
trawl catches were multiplied by the appropriate monthly correction factor
(July = 470%, August = 288%, September = 250%) to make them compérable to RAY
for 1969-70 and TI for 1974. Thus: | | '

RAY's 1969-70 and TI's 1974 C/f (Jul)

il

TI's 1972-73 C/f (Jul) x 4.70

TI1's 1972-73 C/f (Aug) x 2.88 = RAY's 1969-70 and TI's 1974 C/f (Aug)

TI's 1972-73 C/f (Sep) x 2.50 = RAY's 1969-70 and TI's C/f (Sep)

A1l TI catches of Atlantic tomcod were seperated into juvenile and
yearling-plus agé groups., TI's analysis of tomcod length-frequency distribution

in the RAY cdtches permitted a separation of the RAY data into juvenile and

'yearling-plus age categories, RAY's 1969 and 1970 C/f values were then:adjusted

accordingly to represent oﬁly juvenile catches:

RAY 1969 RAY 1970
Month Juveniles (%) Juveniles (%)
Jul 93,8 77.5
Aug 98.4 85.9
Sep 93,2 90,4

services grou
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Catch-per-unit~effort values (C/f) were‘not adjusted for different
tow speeds and durations used in the'vafious years (Table IV-6): all tow .
speéds were recorded in rgiétioh to river flow, and no corrections were made
for tidal current or sﬁrface and bottom water velocity differences. Thus, the

speed of the trawl relative to the bottom in any particular tow could not be

determined, nor could the area covered during each tow be calculated or mean-

ingful adjustment values estimated.

3. Results and Discussion

Annual variations in the abundance of juvenile American shad taken
in beach seines and juvenile Atlantic tomcod taken in standard station bottom

trawls were used as estimates of fluctuations in year-class strength. The

' following paragraphs examine two sets of beach seine data for shad and one

set of bottom trawl data for tomcod,

a, American Shad

l)' Statistical Test of Year-Class Abundance at Standard Stations
in Vicinity of Indian Point '

A Friedman analysis of variance of beach seine catches at standard

stations in the vicinity of Indian Point during August-October 1969-74 (exclud-

. ing 1971) provided a statistical test of juvenile American shad abundance and

indicated significantly different (o = 0,05) annugllfluctuations. The catch
data used in the statistical test were highly comparable over tHe 5 years, so
the results reflected true annual differences in abundance at the stations
sampled., The catch—per—unit-effort (C/f) estimates of juvenile abundance
were'cdmparable becéﬁse all catches were madé at the same four stationms,
samplés were taken each year at compérable times throughout the same three
months (August,:September, and_Octobef), énd the saﬁe seine sizes and deploy-
ment procedures were used at all times except August and part of September

1969 when RAY employed 75-ft (22.9-m) seines.

From 1969 to 1974; the abundance of juvenile American shad varied
by a factor of 17.5 (Table IV-7). The lérgest year class, 1974, was signifi-
cantly larger (p < 0.05) than 1972, 1970, and 1969 but was not significantly
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larger than 1973; the latte%'wéé relativély31arge and was significantly larger

(p < 0.,05) than 1972 and 1969 but was not significantly larger than 1970:

_ L Differenééé
Year Mean Rank- : 1969 1970 1972 1973 1974
1969 1.8 o : . o
11970 - -3.0 1969 - . 0 1e2 0.1 2,1% 3.0%
1972 1.9 1970 0 1.0 0.7 1,8%
1973 3.7 1972 : 0 1.8% 2.8%
1974 4.8 1973 0 1.1
1974 0
Least. signlflcant difference (p < 0.05) = 8V e
*Slgnlflcant difference between years (p < 0. 05)

Table TV-7

Year-Class Abundance .of Juvenile American Shad and Atlantic Tomcod Based on
Standard Station Beach Seine (Shad) and Standard Station Bottom Trawl
(Tomcod) Catch Data, Hudson River, 1969-74

Indian Point
Standard Stations
» Shad Tomcod
Year S C/ft c/f
1965 * *
1966 - -% *
1967 : * *
1968 .k *
1969 0.8 60.1
1970 3.2 108.8
1971 * *
1972 1.0 45.8
1973 8.4 8.8
1974 . 14.0 17.2

fcatch per unit effort.

. ,
No samples in Indian Point area.

Based on beach- seine catches in the vicinity of Indian Pbiqt from
1969 through 1974, American shad had relatively strong year classes in 1973
and 1974, relatively weak year classes in 1969 and 1972, and a somewhat inter-

mediate size year class in 1970, .
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‘ - 2) Year—Class Abundance, Riverwide

_ In riverwide beach seine catches during July-August 1965-74, 'the
abundance of juvenile American shad fluctuated greatly (Table IV-8). The
largest abundance index, 1973, was >500 times greater than the relatively
small indices iﬁ 1967 and 1972. Based on these riverwide samples, sfrong year
classes’ occurred in 1973 and 1974 and poor year classes in 1967, 1968, and

1972. Intermediate year classes occurred in 1965 1966 1969, and 1970.

Table IV-8
Year—Class Abundance Index for Juvenile American Shad Based on Riverwide

Beach Seine Catches durlng July-August, Hudson River, 1965 74

Abundance Index
Mean Catch per Unit

Year Area Swept (CPUA)
- 1965 . | 7.5
1966 ‘ 4.9
1967 0.1
1968 0.2
1969 2.8
1970 7.5
1971 *
1972 - 0.1
1973 : 53.0
1974 ' 29.2

*
No extensive riverwide samples

The assumption that a July—August index of juvenile shad abundance
was representative of Juvenlle abundance later in the fall (September-October)
was tested with the Spearman Rank Cprrelatlon analysis. Only 1969 through
1974 could be compared~becauée NYU did not sample during September-October
1965-68. For:the 5 years tested, the relationship between the July-August
index and a Sebtember—October index was positivé and significant (rs = +0.90,
df = 3, p < 0.02), indicating that juvenile shad’ abundance represented by the

July~August index reflected year-class strength.
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To ascertain whether the abundance index derived from Indian Point
standard stations (Table IV-7) represented the riverwide population during July
and August, a Spearman Rank Correlation tést was calculated usingvthoseuyéars
(1969-74, excluding 1971) for whiéhxdata were available from both the standard
station and riverwide surveys.v Although some variation did occur, year-class
rankings between the two data sets were similar (rs = +0.80, df = 3, p = 0.106).
Since juvenile American shad are distributed in the upper river for much of the
summer (Section V), Indian Point abundance may not always reflect riverwide

abundance but generally appears to do so.

b.  Atlantic Tomcod

A Ffiedman anaiysis.of variance of bottom‘tran cétches at standard
~ stations in the vicinity of Indian Point during July-September 1969-74
(excluding 1971) provided a sfatistical.test,of Atlantic tomcod year-class
strength and indicated a significant difference between 2 years, 1970 and 1973
(o = 0.05). The catch data used in the statistical tests were fairly comparable
over the 5 years since all catches were made at the same four standard trawling
stations aﬁd the_samples were faken at comparable times throughout the same

3 months (July, August, and September) of each year.

From 1969 to 1974, the abundance of juvenile tomcod varied by a factor
' of 12,3 (Table IV-7). The largest year class, 1970, was significantly larger
than 1973 (p £ 0.05) but was not significantly different from 1969, 1972, and
1974 (o = 0.05). No other significant differences among year classes were
detected at the a = 0,05 level, The 1970 year class was significantly 1arger

than the 1974 year class at the a = 0.10 level (as shown below):

Differences
Year Mean Rank . 1969 - 1970 1972 1973 1974
1969 3.6 1969 0 0.8 0.6 1.7 1.4
1970 4ok . 1960 0 1.5 2.6% 2,2
1972 2.9 1972 0 1.1 0.7
1973 1.9 1973 0 0.4
1974 2.2 1974 0

Least significant difference (p < 0.05) = 2.4

*Significant difference between years (p < 0.05)
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Based on bottom trawl catches at Indian Point standard stations from
1969 through 1974, Atlahtic tomcod had a felatively strong year class in 1970
and weak ones in 1973 and 1974. Intermediate year classes occurred in 1969
and 1972,

4, Summary

Fluctuations in the annual abundance of juvenile American shad

and Atlantic tomcod in the Hudson River can be summarized as follows:

e Annual abundance of juvenile American shad (1965-74)
and Atlantic tomcod (1967-74) was highly variable
(Tables IV-7 and IV-8),

° Shad‘year classes were relatively wéak-in 1967, 1968,
and 1972; stronger in 1973 and 1974; and 1ntermed1ate
in 1965, 1966, 1969, and 1970.

e Estimates of shad year-class abundance based on samples
taken in the Indian Point area were not completely
representative of the entire river in absolute magnltude
but did reflect trends in year-class strength.

e Atlantic tomcod had relativély small yeaf classes in
1973 and 1974, a strong year class in 1970, and inter-
mediate year classes in 1969 and 1972,

‘'De FACTORS INFLUENCING YEAR-CLASS ABUNDANCE

Objectives: Examine potential relationships of the an-
_ nual abundance of juvenile American shad and
juvenile Atlantic tomcod with varlous env1ron—
mental factors

Examine potential effects of spawning stock

- abundance, cannibalism, and predation on annual
abundance of juvenile American shad and Atlantic
tomcod ‘

Examine potential relationships of combined )
power plant operations with abundance of juve-
nile American shad and Atlantic tomcod

1. Methods

The following groups of environmental factors were hypothesized to

"to be important influences on the abundance of juvenile American shad and

Atlantic tomcod in the Hudson River.
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‘a. Physical Factors

Physical environmental-conditipné prevailing in the estuary from 1965
through 1974 have been described in an earlier report (TI, 1975a). For this
report, the riverwide indices of year-class abundances of American shad (1965-
74) and Atlantic tomcod derived from standard station samples (1969-74) were
compared to measurements of the two environmental factors that were comparably
recorded across all years and consideréd to be potentially important to the
survival of the early 1life stages gf the two:species:

¢ Freshwater inflow was measured by water released from

the Green Island Dam at Troy, New York [RM 153 (KM 245) 7.
Mean daily freshwater inflows for January-December were

available for comparison with year-class abundance
(Table IV-9). : :

® Water temperature was measured by several investigators
(TT, 1975a, Appendix C) in the vicinity of Indian Point
[RM 42 (KM 67)] and Poughkeepsie [RM 75 (KM 120)]. - Mean
biweekly surface temperatures for January-December were
available for comparison with year-class abundance
(Table IV~10). Measurements taken near Indian Point were
outside- any influence of heated dlscharges from power
plants (TI, 1975a).

Freshwater inflow and water temperature represent poteﬁtial density-independent

population regulatory factors.

b. Biological Factors

The relationship between spawning stock abundance and the abundance
of juvenile American shad was examined by comparing an index of stock abundance
derived from commercial fishery landings and effort (subsection B) with the
index of juvenile abundance. For Atlantic tomcod, however, sucF a comparison
was not possible because there were no valid commercial fiéherjﬁcatch and ef-
fort data. Bottom trawl data woﬁld have been a source of adult tomcod abun-
dance trends for those years in which spatially adequate samples were collected
during November and December when adults were present in the estuary; however,
tomcod spawning activity was concentrated‘bétween RM 39 (KM 62) and RM 61 (KM
98) (Section V), so only 1973 andv1974 bottom trawl surveys would have pro-
vided an adequate sample of the spawning region (Table IV-6). This Gould not

have been sufficient for assessment of adult tomcod abundance.

- IV=43 services group



} Table IV-9
Mean Daily Freshwater Inflow by Month, 1965-74, Hudson River

¥%-AI

dno.b sa901A48S

at Green Island Dam, Troy, New York [RM 153 (KM 245) 1%

Jan. fFeb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
s cmds | reds ms | s ads | oeds omds | e ws s wdss | oedsowds | s ws fedstows [ ers wYs|os als)oeds wds
3 - .

1965 | 5,314 150 | 9,08 258 | 9,123 258 | 19,280 546 | 8,39 235 | 3,573 100 | 308 87 | 2,912 & | 4009 113 | 7,298 207 | 10,680 302 | 10,850 307
1966 | 8,030 220 | 11,630 329 | 23,090 653 | 15,630 442 | 19,410 549 | 8,270 234 | 3,674 104 | 4,233 120 | 5,630 159 | 5,847 165 | 7,042 199 | 9,118 258
1967 | 9,616 272 | 7,633 216 | 11,360 322 | 30,90 876 | 17,000 483 | 6,397 175 | 5076 144 | 5,789 163 | 4,93 160 } 6,973 197 | 11,740 332 | 16,510 467
1968 | 8.867 251 | 9,513 269 | 24,860 704 | 18,300 518 | 18,890 523 | 15,710 445 | 9,795 277 | 4,480 126 | 4,463 126 [ 5,173 146 | 14,400 407 | 15,600 441
1969 |11,680 3: | 12,760 361 | 17,470 49a | 40,730 1,153 | 20,910 592 | 9,995 283 | 5,430 154 | 6,002 173 | 4,133 117 | 4,85 137 [ 14,270 404 | 11,800 334
1970 | 8,206 232 | 15,380 438 | 15,060 426 | 39,350 1,114 | 14,550 412 | 6,408 181 | 5,997 70 | 3,923 11 | 6,765 174 | 8,18 232 | 9,333 264 | 11,390 322
1971 | 9,000 255 | 12,110 343 | 20.220 572 | 37,270 1,085 | 35,20 997 | 7,334 28 | 6,233 176 | 8,920 253 | 9,315 264 | 7,817 221 | 7,291 206 | 17,000 48
1972 [13,410 379 | 10,931 309 | 26,860 760 | 37,960 1,074 | 40,520 1,147 | 29,630 839 | 18,380 520°| 7,616 216 | 6,309 179 | 7,190 203 | 25,600 724" | 26,900 76
1973 |26,210 742 | 20,460 579 | 29,410 833 | 30,960 877 | 27,600 782 | 13,050 370 | 10,390 =294 | 5,591 158 [ 4,791 136 |[5.650 160 | 8,280 234 | 26,420 748
1970 |22,010 623 | 18,680 528 | 20,730 587 | 30,170 ss4 | 22,90 es0 | 8,791 249 | 11,780 338 | 6,350 180 [10,390 204 | 9,089 256 | 17,180 486 | 19,380 549

*Data obtained from United States Geologica1'Survey records at Green Island Dam.
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Table IV-10

Mean Biweekly Hudson River .Surface Temperatures (°C) in Vicinity
of Indian Point, RM 42 (KM 67), 1965-70 and 1972-74,
and at Poughkeepsie, RM 75 (KM 120) during 1971%

SVfAIV

dnoab saojAl0S

Jan " Feb . Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Year | 1-15 16-31] 1-15 16223 1-15 16-31| 1-15 16-30| 1-15 16-31| 1-15 16-30 1-15 16-31)1-15 16-31}1-15 16-30 | 1-15 16-31 1-15 16-30 [ 1-15 16-31
1965 | 3.0 To1.9 0.5 0.7 0.6 1 3.5 8.0 | 11.5 15.0| 18.5 21.523.0 23.5] 24,6  24.7] 23.5 21.8]18.3 15.4 | 12.1 9.616.9 4.5
1966 | 1.7 1.0 1.0 0.9 ' 1.1 3. 5.5 ;8.7 11,0 14,31 19.2 22,7 | 25.5 25.57] 25.1 25.6 23.9 20.9|17.4 17.0] 13.4 11.5} 8.8 6.5
1967 [4.2 3.6 [3.3 3.2 |32 3.8 [6.9 9.0 |15 14.5[18.0 22,0|26.0 25.6[26.6 25.4[23.6 21.8{20.4 17.0|12.7 7.0|5.3 3.7
1968 | 1.8 0.9 0.8 0.8 1.6 4.8 7.7 12,0 | 15.0 17.0] 19.0 22:3 24,5 25.8125.8 25.2| 23,0 22,6 Zdal 17.2 | 13.6 7.3. 3.8 -;1.3
1969 { 0.3 . 0.9 0.9 0.9 1.1 3. 6.6 10.0 } 12.5 17.7] 20.5 22,51 23.3 24.0';25;7 2525 24.5 22.8|20.0 16.57]11.7 8.0 4.7: 1.8
1970 [1.2° 15 |2.0 12 fo.s 2.1 |37 88 |10.2 16.5[19.0 21.5|23.0 24.0f25.9 25.5[23.7 22.1f20.4 17.0f13.0 9.4{s5.3 15
1971 0.7 .~ 0.6 0.7 0.8 (0.8 3 6,2 8.0 9.5 14,0 18.0 22,0 24.7 . 25.0 25.1 25,01 23.2 22,0 18.5 16.2 | 14.5 9.& 4.0 2.8 .
1972 11.3 . 0.7 0.8 0.7 0.8 2.5 | 4.0 8.8 10,7 15.5] 19.7 19,7 ] 20,5 " 23.5] 24.5 23.8] 24.0 22,7 |17.0 "14.8]11.3 - 5.512.8 3.1
1973 |20 0.8 | 0.4 0.6 [1.4 4.9 |67 -8.5 |12.5 14.5|16.5 20.5|22.0 23.5)24.7 24.6]|24.8 21.0|18.0 15.5|12.4 10.7|8.1 3.0
1974 | 0.8 2.0 0.9 1.5 3.5 5. 6.0 8.7 | 14.0 16.5( 20.0 21,51 23.5 24.8 25:1 25.3 1 24.4 22,44 17.5 14,3 § 12,6 8,0 ] 5.7 3.9
*Data obta?ned from measurements takeén by the United States Geological

Survey (1965-1968, 1971), Raytheon Company (1969-1970), and Texas Instruments (l972—i§7&).




To examine the potential effect of mortality from predation, the
abundance of juvenile American shad and Atlantic tomcod were compared with the
abundance of potential ﬁredatOrs-—‘bluefish (Pomatomus saltatrix), yearling
and older white perch (Morone americana), and yearling and older striped bass
(Morone saxatilis) (Table IV-11) — and the food habits of these potential pred-
ators evaluated. Thé'potential role of cannibalism as an influence on Ameri-
.can sﬁad and Atlantic tomcod year—cléss abundance was determined by evaluating *

those species' life hisﬁories and food habits.

Table IV-11

Year-Class Abundance Index for Yearling and Older Striped Bass, Yearling and
Older White Perch, and Young Bluefish Based on Riverwide Beach Seine Catches
during July-August, Hudson River, 1965-74.

Abundance Index

Mean Catch per Unit Area Swept (CPUA)
Year : Striped Bass White Perch Bluefish
1965 0.4 7.9 0.3
1966 0.1 10.6 0
1967 0.2 8.8 0.1
1968 ‘ 0.02 8.4 0.1
1969 0.3 21.2 0.1
1970 1.3 17.3 0.7
1971 . * Lok .k
1972 1.6 12.2 3.1
1973 1.0 8.0 1.4
1974 2.5 26.2 5.8

*No extensive riverwide—samb1es

c¢. Power Plant Factors p ' ' ¢

The potential influence of power plant operation on American shad and
Atlantic tomcod year-class abundance was examined by comparing the juvenile
abundance indices with an index of ﬁower plaht operation. Since the entrainment
and impingement of eggs, larvae, and juveniles are directly related to the with-
drawal of power plant cooling water, maximum combined daily water withdrawal of
all operating units at Bowline,lLovett, indién Point, and Danskammer was used as
the index of power plant operatioﬁ (Table IV-12). The volume of water withdrawal
was assumed to be»directly proportional to capacity. For details cdncerning per-
cent of capacity for any unit as well as the online schedule criteria, please re-

fer to an earlier report (TI, 1975a).
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Table IV-12

z Index of Combined Power Plant Operations on Hudson River Estuary
[RM 37-66 (KM 59-106)], 1949-74, Based on Maximum Daily
Water Withdrawal with All Units Operating at 100% Capacity

’

" No. of ) Maximum Daily
} Generating Units Wate; Wi_t}:x”drawal
S Yg;r On Line Unit Location® (m? x 10°/day)
4 | 1949 1 Ll _ . . 137
1950 1 Ll 137
1951 1 Ll ‘ : S 137
1952 3 L1, L2, DI ' © 503
1953 "3 1.1, L2, DI . ) S . 503
1954 3 L1, L2, DI 503
1955 5 L1, L2, L3, D1, D2 o _ 961
1956 . 5 L1, L2, L3, D1, D2 - . . 1 961
1957 "5 L1, L2, L3, D1, D2 961
1958 5 L1, L2, L3, D1, D2 , o 961
1959 5 L1, L2, L3, DI, D2 961
1960 6 L1, L2, L3, Dl, D2, D3 S : 1,484
1961 6 L1, L2, L3, D1, D2, D3 _ 1,484
1962 6 L1, L2, L3, D1, D2, D3 1,484
1963 7 L1, L2, L3, D1, D2, D3, Il _ 3,217
1964 7 L1, L2, L3, Dl, D2, D3, I ' 3,217
1965 7 L1, L2, L3, D1, D2, D3, Il 3,217
1966 8 L1, L2, L3, L4, Di, D2, D3, II 3, 786
1967 8 Ll, L2, L3, L4, DI, D2, D3, II _ 3, 786
1968 9 L1, L2, L3, L4, D1, D2, D3, D4, Il : 4,604
1969 10 L1, L2, L3, L4, 1.5, DI, D2, D3, D4, Il 5,258
1970 10 L1, L2, L3, L4, L5, DI, D2, D3, D4, Il 5,258
1971 10 1.1, 1.2, L3, L4, L5, D1, D2, D3, D4, 1l 5,258
1972 10 L1, 1.2, L3, L4, L5, D1, D2, D3, D4, Il ‘ 5,258
1973 12 L1, L2, L3, L4, L5, D1, D2, D3, D4, I, I2 12,094
1974 13 1.1, 1.2, 1.3, L4, L5, DI, D2, D3, D4, I1, 12, Bl, B2 14, 188

L = Lovett, B = Bowline, I = Indian Point, D = Danskammer.

Roseton Units 1 and. 2 did not begin operation until after July 1974 and are not
included in these analyses.

2. Results and Discussion
a. American shad

The abundance of juvenile American shad plotted against both fresh-
water inflow and surface water temperature (March-July) during 1965-74 showed
no clear trends. Annual fluctuations in the abundance of juvenile shad in

the Hudson River were apparently influenced by one or more factors not examined.
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Predation by yearling and older striped bass, yearling and older
white perch, and bluefish did not appear to be an iﬁportant source of mortality
to juvenile shad in the Hudson River. Although bluefish do consume shad (T1,
1975g), juvenile shad'are distributed upriver from majbr‘bluefish.concentra-
tions throﬁghout most of the summer (TI,.l975e, and Section V of this report).
Thus, while the influence of bluefish predation on juvenile shad abundance ap-
pears to be relativély unimportant, concluéi?e evidence to completeiy disregard

its effects is lacking.

's Cannibalism is an unimportant source of mortality to juvenile shad
since the species is nonpiscivorous at all ages (Bigelow and Schroeder, 1953;

Levesque and Reed, 1972).

A plot of juvenile abundance vs power plant'water withdrawal (Figure
IV=-17) revealed a classic example of the effect of one or two data ﬁoints on

a small set of data points.
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Figure IV-17. Relationships between July—Augusf Index of Juvenile American

Shad Abundance and Maximum Daily Water Withdrawal by Power
Plants in Hudson River, 1965-74 (1971 Excluded)
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The cluster of points representing 1965-72 indicated no relationship
between juvenile shad abundance and power plant operations. Two extreme points,
1973 and 1974, produced the positive association. Hence, the overall meaning
of the relationship.is unclear. The most plausible explanation is simply an
independent increase in both power plant withdrawals -and shad abundance with

no cause-and-effect relationship.

Another potentially.important factor is the overall water quality
-of the Hudson River, particularly in the shad spawning areas above Kingston
(Burdick, 1954; Talbot, 1954; TI, 1975a). .A recent report (Mt. Pleasant and
Bagley, 1975) indicates that general water quality in the lower Hudson River
estuary, particularly below the Albany area; has noticéably improved since:
1965 (Figure I1V-18).  The construc;ioniand operation of several sewage treat-
.ment plants in the Albany area are primarily responsible for the improving
trend. Water quality has been and continues to-be fairly good in the mid=

Hudson region but deteriorates greatly near.the metropolitan New York City
-area. . '

90
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Figure IV-18, Water Quality Index for Hudson River below Albany, New York,
) Area, 1965-74 (Data collected and indices calculated by New
York Department of Environmental Conservation; adapted from

Mt. Pleasant and Bagley, 1975)
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Thus, the generally increasing trend in the abundance of juvenile American shad

- since 1965 may be associated also with the generally improving water quality

in the Hudson River above New York City., Additional data would be necessary

to fully elucidate the relationship between American shad year-class abundance

‘and environmental factors,

The July and August abundance of juvenile shad was unrelated to the
index of‘spawning stock .abundance (r = -0.011, p = 0.978, df = 7). The index
of stock abundance was based on commercial landings and may .not have reflected
annual escapement (those potential spawners that escape the fishery). Previous
studies of Hudson River.shad populations concluded that the most important |
determinant of adult abundance between 1915 and 1951 was‘the number of fish -
that escaped the commercial fishery 5 years earlier (Burdick, 1954; Talbot,
1954). No significant correlations were found between the size of the fifth-
year-returning adult spawning stock and stream flows.(Burdick, 1954; Talbot;
1954), water temperatures, channel improvements, ship traffic, or hatchefy
production (Talbot, 1954). Nor was there evidence that shad runs fluctuated
in natural cycles of abundance (Talbot, 1954). There are no data available
with which to determine the proportion of the 1965-74 spawning stock abundance
of shad that escaped the commercial fishery. Talbot's (1954) estimates of an-
nual escapement based on tagging studies of Hudson River shad (1915-50) ranged
from 21 to 80% (mean of 51%) of the estimated total spawning run. Hence, the
unknown variation in fercent escapement between 1965 and 1974 might have been
sufficient to expléin the observed variations in annual juvenile shad abundance

during those years.

b. Atlantic Tomcod

Annual flucfuatioﬁs in the abundance of juvenile Atlantic tomcod
was almost significantly related to spring water temperatures (p = 0.10),
with higher temperatures associated with lower abundances. The negative corre-
lation between water temperaturé and abundance was best demonstrated during
March (Figure Iv-19). Juvenile tomcod abundance wasralso positively related

to early April freshwater flow (Figure IV-20).
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These trends suggest that increased juvenile tomcod abundance usually
occurs during yearsfcharaeterized by high freshwater inflow and low water tem-
peratures during late winter-spring. Since flow and water temperature are neg- .
atively correlated, it is not possible to clearly separate their effects. One
could speculate that low water temperatures during March when tomcod larvae- and
early juveniles are abundant could enhance survival by retarding developmental
rates and metabolic demands and thus provide more time” for the young tomcod to
locate sufficient food organisms. Booth (1967) demonstrated a negative corre-
lation between tomcod year-class strength and water temperatures during the
spawning period in the Mystic River, Connecticut (December-February); he sug-
gested that low water temperatures increased year-class abundance by retaining

the sheltering ice cover and suitable salinities important to spawning success.

Overall, physical environmental factors (temperature and freshwater
flow) appeared to be much more important influences on juvenile tomcod abun-
dance than did biological of poner blant operational factors. Confirmation of
the relative importance of the various environmental factors in determining tom-

cod year-class abundance in the Hudson River w1ll requlre several additional
years of data. Rlcker (1975) suggested a minimum of >10 years for this type of
analysis of fish populaplons;_lf seve;al factors are important in determining

year-class abundance, 15 to 25 years may be necessary.

Thé potentially important relationship between numbers of spawners
and numbers of juveniles could not be examined for tomcod since estimates of
spawning stock abundance were not available. A potential source of mortality,
bluefish predation,'is of uncertain importance because a graph of bluefish and
tomcod abundance showed no clear trend (r = -0.542, p = 0.345, df = 3). How-
ever, 2 years of large tomcod year classes (1969 and 1970) were associated with

low bluefish abundance. Bluefish are known to consume tomcod in the Hudson

River (TI, 1975g).

Cannibalism is an unlikely source of juvenile tomcod mortality since
all age groups of tomcod are essentially nonpiscivorous (TI, 1975b). The abun-
dance of juvenile tomcod during July-September was not significantly related

(o = 0.05) to the index of power plant operation (Figure IV-21), although two
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data points trended toward a negative relationship. It is important to consider
that the annual index of abundance reflected the juvenile population present in.
the river during July-September and was based on an unknown portion of the peak
juvenile standing crop present from March through early May and then p;esumably
migrating, in pért, out of the study area (TI, 1975a). Thus, some of the unex-
plained variation in tomcod abundance might have been due to variapions in an-

nual migration rates and/or times and longitudinal distribution in the river.
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R SECTION V .
'ASSESSMENT OF DISTRIBUTION AND VULNERABILITY .

A. INTRODUCTION

The magnltude of mortality of fish populatlons 1n the Hudson River

.estuary induced by power plants is d1rectly related to the vulnerab111ty (ex-

posure) of eggs and larvae to entrainment (passage through the condenser cooling

system) and young and yearllngs to 1mp1ngement (entrapment on the coollng water
1ntake screens) Some of the factors that influence vulnerability are the life
hlstories, phy81ology, and behavior of the fishes, the temporal and spatial
abundances and distributions of the various 1ife'stages;'and power plantlfac—

tors such as intake design, zone of water withdrawal, velocity at the screen

 face, screen mesh size, pumping rate, and operation schedule. The concept of

vulnerability addressed in this section refers to the exposure of the popula-

_tions of early life-stages to power plants rather than the probability that an

- individual egg, yolk-sac larva, etc., will be entrained.

Life histories, physiology, and behavior of fishes offer a partial
assessment of vulnerability: they influence the time period during which each
life stage is in the estuary and determlne their relative ab111ty to avoid and/

or survive entrainment and 1mp1ngement.

A more complete.assessment of vulnerability is derived from a de-
scription of the temporal and spatial~ahundances and distributions: these re-
veal when and Where the varlous llfe stages ocecur, in the estuary. Temporal
abundance patterns provide the best estimate of the size of the population and
indicate the time and duration of each life stage. Longitudinal distributions
are the key vulnerability factors: they indicate where each life stage occurs
and the key env1ronmenta1 variables that influence dlstrlbution, and they de-
scribe movements. Patterns of vert1cal lateral diel, and tidal distribution
offer additional information on the location of each life stage: they suggest
which life'stages are most susceptible to‘plant—induced.mortality and describe

how vulnerability may vary with time of day.

The locations and intake designs of powerpplants influence the

cooling water withdrawal zones, the effectiveness of the screens or other
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diversion devices protecting the intakes, how much water can be withdrawn, the
velocities at the screen faces, and the particle sizes that can be entrained.
The operational schedule at each plant determines the actual volume of water
withdrawn, the season of maximum pumping, and changes in discharge water tem—

perature.

The summatlon of these blologlcal and plant related factors describe
the vulnerablllty of each 1life stage. Annual varlatlons in any of the factors
can be expected to 1nfluence estimates of dlrect impact. Knowledge of how

vulnerablllty factors interact to determine the magnltude of plant—lnduced

mortallty provides the ba81s for explalnlng annual dlfferences 1n the emp1r1—

cal estlmates of d1rect 1mpact.

Vulnerability of striped bass, white perch, and Atlantic tomcod to
the Bowline, Lovett, Indian Point, Roseton, and Danskammer electric generating
stations for 1973 and 1974 (through September) was discussed in an earlier re-
port (TI, 1975a). In this section, results of the analysis of ichthyoplankton,
fisheries, and water quality data collected during 1974 are ‘discussed relative

to the following objectives:

e Synthesis of fisheries literature and data from the Hudson
River estuary and other estuaries to construct a life his-
tory/behav1or description for American shad and describe
biological factors that may influence the vulnerability of
each life stage to power plants

e Description of the longitudinal abundances and distributions
of the life stages of the 1974 year class of striped bass,
white perch, and Atlantic tomcod (October 1974-June 1975)
and American shad (April 1974-June 1975) between RM 12
(KM 19) and RM 152 (KM 243) and in the'13-mi region-around
the Bowline, Lovett, Indian Point, and Roseton-Danskammer
power plants

e Description of the vert1ca1 lateral, diel, and tidal dis-
tributions of the life stages of the 1974 year class of
striped bass, white perch, ‘Atlantic tomcod, and American
shad between RM 12 (KM 19) and RM. 152 (KM 243) and in the
v1c1n1ty of the Bowline, Lovett, Indlan Point, and Roseton-
Danskammer power plants ' o

e Examination of the relationships between distributions of
early life stages of striped bass, white perch, Atlantic
"tomcod, and American shad and selected water quality vari-
ables (temperature, conductivity, and dissolved oxygen)
during 1974
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® Description of the seasonal movements of'individuarly s
marked striped bass, white perch, and Atlantic tomcod
during 1974 and early 1975

This section is’ d1v1ded into a separate subsectlon for each obJectlve.
The follow1ng dlagram illustrates the overall organlzatlon to assess the vulner—
abllity of the’ key fishes to the five power plants and 1nd1cates the subsectlon

or appendix in 'which the relevant 1nformat10n appears.

WATER QUALITY | CHTHYOPLANKTON POWER PLANT

ggvszgﬁgn_; VS LONGITUDINAL | . | .FISHERIES . , LYo NEAR FIELD
FISH ' DISTRIBUTION SAMPLING DATA | DATA | "DISTRIBUTION'
(SUBSECTION F) (APPENDIX B, (APPENDIX B) (APPENDIX B) (APPENDIX C,

SUBSECTION E) SUBSECTION D)

&

'VERTICAL, LATERAL,
TIDAL, AND . DIEL
DISTRIBUTION ,
(SUBSECTION D)

"LONG I TUDINAL
DISTRIBUTION -
(SUBSECTION C)

SPAT IOTEMPORAL
DISTRIBUTION -«

| : LIFE HISTORY,
L .| BEWAVIOR, AND

FACTORS |~ — — — —~ ™ PHYSIOLOGY

(SUBSECTION B)

POWER PLANT

|
1
|
I
Lom -3 r

VULNERABILITY
"ASSESSHENT
(SUBSECTION G)

Data on’' power plant ‘locations, 1ntake designs, and operations

were presented in an earlier report (TI, 1975a)
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B. LIFE HISTORY/BEHAVIOR
1. Objective

Flsherles literature and data from the Hudson River estuary and other
_ estuaries were synthes1zed to construct a life h1story/behav1or description and
>descr1be blologlcal factors that may 1nfluence the vulnerabllity of each life
stage of American shad to power plants. The life history/behav1or description
also indicates factors that may influence gear efficieucy in collectingvthe
various life stages. Striped. bass, white perch, and Atlantic tomcod were simi-
larly descrlbed in an earlier report (TI 1975a) . The position of.this sub-

sectlon in the overall organizatlon of Section V is illustrated in the follow1ng

dlagram
- = - - - e e iy - v am em iy e e e e e - ) — o - mm = -
| : I | T | | | ! X '
\ . WATER QUALTTY ' ! ' power !
" . . ER PLANT
| ogv::;NT .~ .1 | vs LongiTUDINAL | | - FISHERIES. )= | ICHTHYOPLANKTON | | NEARFIELD |
_ KED DISTRIBUT IO SAMPLING SAMPL ING LS TRIBty
l TQSSSEC b (appenpix 8 ! | Dara 1 Loama 1 | (APPEND?xlgN |
TIONF) ¢ co : : _ .
I V1 nsussecTion €)1 o (APPENDIXB) || (APPENDIX'B) | guacection D) |
I L I | L -~ --J L : L »
. Ll " T i e il
Lo m o - 4 - - 4
- 1 I . ——— - = =—-=
T S S T by
! LONG I TUD[NAL | | VERTICAL, LATERAL, [
| . DISTRIBUTION I | TIDAL AND DIEL = |
| (SUBSECTION C) | _ DISTRIBUTION.
o " (suesection o) - - |
L..__._,_____J L
[ |
Lomm e — !
’ )
l———L_-——w
. | o |
| spatioTemporaL |
| DISTRIBUTION
| |
r—-—-—=-=-= N
| L - __Ta - =4

"LIFE HiSTORY,

|
V' opower pant L BEHAVIOR, AND
| FACTORS I PHYS | OLOGY
| 0 (SUBSECTION 8)
Lo - o - J -——— .

| . I

VULNERABILITY ,

| ASSESSHENT !

| (SUBSECTION G) |

Lo e e e J
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2.

Methods

Data on when and where American shad occur or could be expected to

occur in the Hudson River estuary were integrated from literature, as were other

pertinent biological factors (type of egg, incubation period, etc), to generate

a life history/behavior description (Table V-1).

Table V~1

Life History/Behavior Information for American Shad -
(Alosa sapidissima) in Hudson River Estuary

Use of Estuary

Pertinent Life Stage Characteristics

: Juvenile/
Adults Young Eggs Larvae Yearling
Life Stage Size at Response Swimming
Life Spawning Spawning Nursery Nursery Incubation Length Initial to Speed
History Period Areas Period Areas Type Time* Division** Motility Light Capability
Anadromous |Apr in tidal Late Jun- Shoal and Spherical, 288-360 hr |Yolk-sac Approx No data No data
mid-Jun freshwater Nov shore zone nonadhesive at 12°C Larvae 9-12 mm available available
areas from areas from Semibuoyant, 6.5-10.0 mm (TL)
approx approx 2.5-3.5 mm (SL)
RM 77-124 RM 12-152  in diameter 144-192 hr | Post yolk-
(kM 123-198), (KM 19-243) (water- at 17°C sac larvae
possibly in hardened) 10.1-29.9 mn
tributaries (SL)
48 hr at Juveniles
27°C 30.0 +mm
: (SL)

*Data from Ryder, 1887; Leim, 1924; Hildebrand, 1963; Mansuetil and Hardy, 1967; Medeiros, 1974.

**ps defined by Texas Instruments Incorporated.

an incomplete digestive tract.

Yolk-sac larvae possess a definite yolk-sac but

Post yolk-sac larvae, regardless-of degree of yolk-sac absorp-

tion, possess a complete digestive tract but have not completed transformation, so adult mor-

phometric characteristics are lacking.

yet reached one year
SL = standard length
TL = total length

3.

American shad, an anadromous species (Hammer, 1942;

of age.

Results and Discussion

Juveniles have completed transformation but have not

Hollis, 1948;

Talbot and Sykes, 1958), uses the Hudson River estuary as a spawning and nur-

sery area, although some juveniles (young of the year) may overwinter in the

estuary at the end of their first year (Hildebrand, 1963; TI, 1975e).

Adult

shad migrate into the estuary in March and April, spawn from about mid-April

to mid-June (Talbot, 1954; Raytheon, 1971; TI, 1975e), and then leave the river

" and migrate northward toward the Gulf of Maine (Thomson et al, 1971).

The

timing of the peak of shad spawning migrations in all Atlantic coast popula-

tions is closely correlated with water temperatures ranging from 13°C to 18°C

(Carscadden and Leggett, 1975).
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Most Hudson River shad spawn in the tidal freshwater regions between
RM 77 (KM 123) and RM 124 (KM 198), depositing some eggs downstream near Newburgh
at RM 61 (KM 98) (Burdick, 1954; Talbot, 1954; TI, 1975e). Egg deposition pre-
sumably occurs in river areas dominated by extensive flats (Massman, 1952) or
in sandy and pebbly shallows near the mouths of tributaries (Hildebrand and
Schroeder, 1928; Bigelow and Welsh, 1925; Mansueti, 1955; Hildebrand, 1963).
Spawning activity is primarily during evening hours (Massman, 1952; Whitney,

1961; Chittenden, 1969; Marcy 1972, 1976).

Shad eggs are semibuoyant and nonadhesive (Mansueti, 1955; Hilde-
brand, 1963; Medeiros, 1974) and therefore aré somewhat vulnerable to entrain-
ment. The rate of egg development varies with temperature, ranging from 12 to
15 days at 12°C to only 2 days at 27°C (Ryder, 1887; Leim, 1924; Thomson et al,
1971). The larvae hatch when they are about 6 to 10 mm (standard length), and
they become motile soon thereafter (Mansueti and Hardy, 1967; Marcy, 1976). |

Juvenile shad tend to move downstream as they develop (Bigelow and
Schroeder, 1953; Hildebrand, 1963; Thomson et al, 1971; TI, 1975e; Marcy, 1976).
Downstream movements are closely related to water temperature and intensify in
the fall when temperatures decrease to 15 to 16°C (Hildebrand, 1963; Leggett
and Whitney, 1972; Marcy, 1976). Most juveniles go to sea in late fall but some
may overwinter in the deeper parts of the lower estuary and bays (Pacheco, 1973;
TI, 1975e). Chittenden (1972) reports that the lowest temperatures tolerated

by juvenile shad are 4 to 6°C.

Vulnerability of American shad to power plants should be concen-
trated in the egg, larval, and juvenile stages but, because the species spawns
in the upper river sampling regions, the eggs and larvae are relatively in-
vulnerable to entrainment at the Bowline, Lovett, Indian Point, Roseton, or
Danskammer power plants, all of which are located below RM 67 (KM 107). Some
early juveniles are vulnerable to entrainment at Roseton and Danskammer. The
late juveniles become vulnerable to impingement at powéf plants as they migrate
seaward in late summer and fall. The lack of information on swimming speed
capability precludes a prediction of the ability of juveniles to resist the

plant intake velocities.
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4, Summary

Based on this synthesis of the literature on American shad life history
and behavior, the species' vulnerability to power plants can be summarized as

follows:

e The American shad is an anadromous species that spawns in
the upper estuary; hence, the eggs and larvae are mostly
distributed upstream from the Bowline, Lovett, Indian
Point, Roseton, and Danskammer power plants. Vulnerability
to entrainment is low.

e Juveniles migrate seaward in the fall and become vulnerable
to impingement as they pass the plant intakes.

C. SPATIOTEMPORAL, LONGITUDINAL, AND PLANT REGION DISTRIBUTION AND ABUNDANCE
1. Objective

Longitudinal abundances and distributions of the life stages of striped
bass, white perch, Atlantic tomcod, and American shad in the 12 sampling regions
(Table V-2) and in 13-mi regions around the Bowline, Lovett, Indian Point, Rose-

ton, and Danskammer power plants (Table V-2) are described in this section.

Table V-2

Definitions and Boundaries of Sampling and Power Plant Regions

Sampling Region Abbreviation River Miles (Kilometers)
Yonkers YK 14-23 (22-37),% 12-23 (19-37)**
Tappan Zee TZ 24-33 (38-53)
Croton-Haverstraw CH 34-38 (54-61)
Indian Point IP 39-46 (62-74)
West Point WP 47-55 (75-88)
Cornwall CW 56-61 (89-98)
Poughkeepsie PK 62-76 (99-122)
Hyde Park HP 77-85 (123-136)
Kingston : KG 86-93 (137-149)
Saugerties SG 94-106 (150-170)
Catskill cs 107-124 (171-198)
Albany AL 125-140 (199-224),* 125-152 (199-243)**

Power Plant Region Plant Site (River Mile) River Miles (Kilometers)

Bowline . 37 31-43 (50-69)
Lovett Iy 35-47 (56-75)
Indian Point 42 36-48 (58-77)
Roseton 65 59-71 (94-114)
Danskammer 66 60-72 (96-115)

*Ichthyop]ankton sampling
*%k .
Beach seines
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Distribitions of_the 1974 year class of striped bass, white perch, aﬁd Atlantic
tomcod during October 1974-June 1975, which were used to assess their vulner-
ability to power plants, are described in this section. Pre-October 1974 data
for these species appeared in an earlier report (TI, 1975a). American shad dis-
tribution and vulnerability assessment in this section covers the time period
April 1974-June 1975. This subsection's position in the overall organization of

Section V is illustrated below:

r~———""=""" N 1 C o en b1 anT 3
POWER PLANT
WATER QUALITY FISHERIES
: MOVEMENT OF : : Vs LONngUDlNAL I SAMPLING 1CHTHYOPLANKTON | NEARFIELD '
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| (SUBSECTION F) | (APPENDIX B) | (APPENDIX B) (APPENDIX B) 1 (SUBSECTION D;l
L LAPPENDIX c) B
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|
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2. Methods

Ichthyoplankton and fisheries field samples collected from April 1974
through June 1975 were analyzed Field.sampling has been described in Section ITIL
of this report and in an earlier report (TI, 1975a), as have methods used to cal—

culate regional and total river- abundance estimates and their underlying assumptions

(T1, l975a)

Abundance data on eggs, larvae, juveniles, yearlings, and older fish
from the 12 sampling regions (Table V-2) were analyzed and examined to determine
when each life stage of each spec1es had been first collected in the estuary,
when the maximum total abundance of each life stage had occurred and what the
peak abundance estimate had been, in what sampling region(s) the peak abundance
of each life stage had occurred, how long each life stage had been present in
the estuary, and what the distribution range of each life stage had been. In’
addition, abundance and distribution data on eggs, -larvae, and juveniles of the
four species were analyzed with respect to the 13-mi regions around the Bowline,
Lovett, Indian Point, Roseton, and Danskammer power plant (Table V-2) to deter-
mine the percent of the total river standing crop that had been present in each

plant region during the peak standing crop perlod for each life stage.

3. Results and Discussion

The abundance and distribution of the early life stages‘of the 1974 year
class — eggs, larvae, and'juveniles’(young—of;the—year) — received the major empha-
sis because their sizes, behavior, and seasons spent in the estuary make them gen- |
erally more vulnerable than older individuals to power plants. The general descrip-
tions of distribution and vulnerability are based on the data presented ‘in Appendix

Tables A-1 through A-84 and Figures A-1 through A-47.
a. Longitudinal.SamplinguRegions, 197§—75
1) Striped Bass |
a) Juveniles; October—DeCenber'l974
After peaking between 25 August and 21 September (TI, 1975a), juue—
nile striped bass abundance (the 1974 year class) in the shore zone during the day

declined slowly through November.but decreased sharply in early December (Appendlx

Figure A-1) as the population either completed its movement to deeper water or
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migrated from the sampling area (below RM 12 [KM 19)]. The abundance of juve-
'_nlles in the shore zone from October through December was restricted to the
lower sampllng reglons, prlmarlly Tappan Zee and Croton—Haverstraw. Also after
September, juvenile abundance in the shoal and deeper areas of the estuary was
concentrated in the lower reglons, partlcularly:Iappan.Zee, Croton-Haverstraw,
and Indian Point (Appendix Fignres A-3 and A-4). Catches declined progressively
through early December in all regions except Yonkers, the most downstream region
sampled, suggesting that some juveniles overwinter in the offshore areas of the

lower estuary.

b) Yearlings, March-June 1975

. The distribution of yearling striped bass (the 1974 year class) dur-
ing their first winter (mid-December 1974 through mid-March 1975) was unknown
because all ‘sampling (except that in box traps) ceased during that time period.

However, as previously mentioned, some presumably overwintered in the estuary.

Catches in beach selnes were greatest in the most downstream reglon
(Yonkers) from late March through m1d-May Yearllngs appeared in the m1ddle
and upper river shore zone in late May and were also collected upriver in the
Hyde Park and Kingston regions (Appendix Figure A-11) by late June (the last'
sampling period included in this report). Bottom trawl catches in the river
were highest in early April in the Tappan Zee and Indian Point regions and then
steadlly decllned through June (Appendix Flgure A-12) as the yearllngs appar-

ently moved to the shore zone or avoided ' the trawls.

The longitudinal distribution of yearling striped bass suggested two
possible .movement patterns. Some fish. may have overwintered in the lower
regions and then moved upstream during March and April and then into the shoals
and shore zone as water temperatures increased during May and June. An alter-
. nate hypothesis is that some fish overwintered upstream from the regions sam-
pled by epibenthic sled and bottom trawl in the fall (YK-PK) and .then moved

into the shoals as water temperatures increased during May and June.

c) Yearlings, October-December 1974

During October, a few yearling striped bass (the 1973 year class) were

collected in the shore zone of all regions except Albany“(Appendix Figure A-5).
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The abundance in the shore zone declined in early November, particularly up-
stream from the Cornwall region. Catches in the shoal and channel areas in
bottom trawls and epibenthic sleds in early November suggested that the yéar—
lings'had moved off the beaches and downstream during November (Appendix Fig-

ures A-6 and A-7). The yearlings apparently continued to move: downstream

Athrough the shoal and channel areas in December.

d) Age II and Older,_Octobeerecember 1974 -

~ Age IT and older striped baes were distributed in small numbers
throughout much of'the estuary. Older fish were taken hy beach seines in the
most downstream and most upstream regions in early October, but ahundance'in
the shore aone rapidly diminished in November in all except the lower regions‘
(Appendix Figure A-8). Apparently, the Age II and older flSh in the shoal and
deeper areas of the river were restricted to the lower regions durlng October.
Their abundance declined to very low levels during November—December (Appendlx

Figures A-9 and A-10).
" 2) White Perch
a). Juveniles, October-December 1974

White perch jhveniles (the 1974 year class) apparently began to leave
the beaches in early fall and move into deeper water. Their abundance in the shore
zene during'the day from OctOber through Decembér was low throughout the estuary
except for a peak in early November in the Tappan Zee region (Appendix Figure A-13).

In December, catches of Juveniles in beach selnes were near Zzero.

Catches in bottom trawls and epibenthic sleds increased in November
as beach seine catches were declining (Appendikx Figures A-15 and A-16), sup-
porting the hypothesis of late fall movements from the shore zone to the shoal
and channel. Juvenile abundance remained relatively high in the regions sam-
pled by epibenthic sled and bottom trawl (Yonkers through Poughkeep31e) through
the end of the sampling season in mid—December. Apparently, Juvenlle white

perch do not migrate out of the river in late fall but many overw1nter in deeper

areas of the lower estuary.
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b) Yearllngs March-June 1975

The distribution of yearling whlte perch (the 1974 year class) during
their first winter (m1d—December 1974 through mld—March 1975) was unknown be-
cause ice and other weather cond1t1ons limited field sampl1ng durlng that tlme
period. - They apparently overw1ntered 1n the r1ver Bottom trawl ‘catches were
h1ghest in early April when yearlings were collected in the Indian Point region,
presumably an 1mportant overw1nter1ng area (Appendix Figure A-24) .. Catches in
the shoal and channel areas declined in late April and early May concomltant
with 1ncreased catches in beach seines (Appendlx Figure A-23) as the yearlings
moved to the shore zone. Abundance in the shore zone remained relatlvely high
throughout the river, at least until the end of June (the last samp11ng ‘period.
included in this report) "The Saugert1es region exhibited a large peak in early
June, suggesting that the yearlings either moved upstream in April and May or
overwintered in the deéper areas of the uprlver reglon ‘and then’ moved to the

shore zone durlng late May—early June.

¢) Yearlings, October-December 1974

Yearling white perch (the 1973 year class) were abundant in the shore
zone during October (Appendix Figure A-17) but apparently began to move off the
‘beaches lnto the shoal and channel areas in early November (Appendix Figures
A—l8 and A-19). Epibenthic sled catches in the YonkersfPoughkeepsie regions
suggested that the yearlings first moved to the deeper areas of the river, then
, moved downstream and remained fairly abundant in the Yonkers, Tappan Zee, and

Croton—Haverstraw regions through mid-December (the end of the major sampllng

effort).

d) Age II and Older, October-December 1974

Age II and older white perch were collected throughout the river but.
ere most abundant in the shore.ZOne of the Yonkers.and Tappan Zee regions
through November (Appendlx Flgure A-20). Catches were consistently high in the
Yonkers region in ep1benth1c sleds but also increased in the Tappan Zee and
Croton-Haverstraw regions in November and December (Appendlx Figure Ar22) as the
Age II and older individuals apparently moved into the offshore waters. Older
perch were still present in the shoal and channel areas through mid-December when

sampling ceased (Appendix Figures A-21 and A-22),
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3) Atlantic Tomcod
Aa) Juveniles, October thrbugh Mid—December 1974

Juvenile tomcod (the 1974 year class) were concentrated in the lower
estuary through December. Bottom trawl catches in the deeper shoal and channel
areas of the river increased somewhat in the Tappan Zee, Croton-Haverstraw, and
Indian Point regions in late Nbvember but declined by mid—Decembet when trawl
sampling ceased (Appendix Figure A528). Epibenthic sled catches were rather low
thrOughout'October—December (Appendix Figure A-29), suggesting that jhvenile tom-
" cod were occupying the deepet areas“[>20 ft (6.1 m)] rather than the shoals [$20
‘ft (6.1 m)]. Juvenile tomcod were almost nonexistent in the shore zone except for

about 2 weeks in early November in the Tappah Zee region (Appendix Figure A-26).

b) - Yearlings and - Older, December 1974-February 1975

The distribution of mature, spawnlng Atlantic tomcod in the shoal areas
of the river was determlned by box trap sampling. Almost all of the spawnlng pop-
ulation during 1974-75 was composed of l-year-old individuals spawned durlng the

winter of 1973-74, the 1974 year class (TI 1975b).

~ Yearling tomcod (the 1974 year class) first appeared in box traps in
-the Cornwall region in early December (Appendix Figure A-31). <Catches in box
traps were highest from mid-December through mid-January, apparently the peak
~spawning period during 1974-75. Catches were largest in the West Point and .
Cornwall regions in 1974-75, presumably the major spawhing areas, although tom-
cod were taken in box traps from the Tappan Zee-Saugerties regions. During the
1973-74 spawning season, tomcod spawned during the same time period (mid-December
. to mid-January), but somewhat farther downstream, in the Indian Point and West
Point regions (Appendix Figure A-25). Tomcod catches in bok traps declined rap-
idly during late January and February to nearly zero in early March, suggesting

a rapid downstream or offshore migration after spawning.

c) Yearlings and Older, March-June 1975

» Yearling and older tomcod were first taken in bottom.trawls in early

" April (Appendix Figure A—33)} were most. abundant in early May, and then steadily
declined through June. A small ndmber of yearling and older tomcod were taken
by heach seines in the shore zone of only one region, Hyde Park, during the

14-17 May sampling period (Appendix Figure A-32). A few postspawning tomcod
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linger in the lower river through May and then either migrate to the lower baYs
and Atlantic Ocean or die. The fate of these older tomcod is unknown. However,
if the mortality rate for tomcod during the second year of life is similar to

that during the first year (TI, 1975b) ohly a few 2-year-olds should be captured.

4) American Shad
a) Eggs, April through Mid—August 1974

American shad eggs were flrst collected in the Kingston, Saugerties,
and Catsklll regions durlng the first routlne sampling perlod (23-25 Aprll) and
‘were taken in all subsequent sampling perlods through 23 June (Appendix Flgure
A—34), They were concentrated in the upper estuary, with most being collected in
the Saugerties and Catskill regioms. -Egg abundance peaked from 30 May through
5 June, with >90% occurring in the Saugerties region. Standing crops were also
drelatlvely high durlng 28-31 May. No eggs were collected in the Yonkers, Tappan
Zee, Croton-Haverstraw, West P01nt or Cornwall regions. The small number of
eggs collected in the Indlan P01nt region occurred early in the spawning period

(mid-May) and was an exceptlon to the. general uprlver pattern of shad spawnlng

b) Yolk-Sac Larvae, April through Mid-August 1974

" American shad yolk-sac larvae (YSL) were first collected during 13-18
May from the West Point and Poughkeepsie through the Hyde Park regions (Appen-
dix Figpre A-35)." The abundance of YSL peaked between 28 and 31 May, primarily
"in the Saugerties and Catskill regions. ‘No YSL were collected after 27 June.
'Although a few were collected in the West Point, Cornwall, and Poughkeepsie
regions, they were concentrated in the upper river. The synchrony between the
peak periods of egg and YSL standing crops during late May-early June reflected

the short egg stage duration:

c) Post Yolk-Sac Larvae, April through Mid-August 1974

American shad post yolk-sac larvae (PYSL) were first collected during
13-18 May (Appendlx Figure A-36) in the Tappan Zee through Hyde Park regions, but
they were most abundant in the Kingston, Saugerties, and Catskill regions at ell
times. Abundance increased steadily during May and June to a peak standing crop

during 17-23 June. No PYSL were collected after the 22-26 July sampling period.
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Peak PSYL numbers were far greater than peak YSL numbers and almost
as numerous as eggs. The highef'PYSL standing crop estimates could be partially
explained by a shoal-to-channel movement by PYSL (subsection D), since sampling
was reduced in the shoals above the Poughkeepsie region and extensive spawning |
in the shoal areas of the Catskill and Saugerties regions seems likely (subsec-
tion B). Also, the short duration of the egg and YSL stages could have par-

tially accounted for the greater PYSL standing crops.

d) Juveniles, April-December 1974

Juvenile American shad. (the 1974 year class) first appeared in the
shoals and channel during 21-24 May in the Tappan Zee region (Appendix Figure
A-37). Through mid-June, they were collected only in the lower sampling re-
gions below the Indian Point region, suggesting ' that American shad may spawn
earlier in the lower river (e.g., near the mouth of the Croton River) than.in
the upper reaches of the estuary. Juveniles began to appear in the middle and
upper sampling regions in late June, and their numbers increased rapidly to a
peak standing crop during 3-11 July. Juveniles ultimately occurred in the shoals
and channel of every region but were most abun&ént ip the West Point, Cornwall,

and Poughkeepsie regions.

In the shore zone, juvenile shad first appeared in the Tappan Zee re-
gion in early June (Appendix Figure A-38) at a mean totalvlength'of 35 mm (Ap-
pendix Table A-97). Abundance inlthevshore zone was low until early July, in-
creased to peak levélslduring August and September, déclined slowly through -the
end of October, and then declined sharpiy in mid-November as the juvenilés left
the river on their seaward migration. From early July through early October,
juvenile shad were rather uniformly distributed in the shore zone of all regions.

Abundance shifted to the lower river prior to the juveniles' late fall emigration.

_ Juvenile shad were relatively abundgﬁt in bottom trawl samples for only
about 2 weeks in early July (Appendix Figure A-40); after that time, they were
scarce in bottom trawl catches and disappeared entirely in early December. Epi-
benthic sled catches in the shoais from RM 14 (KM 22) to RM 76 (KM 122) were rel-
atively uniform spatially and femporally until mid-November (Appendix Figure A-41).
Abundance then decreased in tﬁejshoals and shallow channel areas as the juvenile
shad left the river. No juveﬁiles occurred iﬁ epibenthic sled samples after No-

vember.
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e) Yearlings, March-June 1975

Yearling American shad (the 1974 yeaf class) were uncommon in both
beach seine and bottom trawl catches (Appendix Figures A-44 and A-45), suggest-
ing that‘Very few juvenile shad overwintered in.the river. The few yearlings
that 'were. collected occurred in the lower river below the Newburgh-Beacon bridge
[RM .51 (KM 98)]. '

f) Yearlings, April-December 1974

Yearling shad were more abundant in early 1974 than in early 1975 (Ap-
pendix Tables A-42 and A-43), reflecting'the larger year class in 1973 (Section
Iv) and the larger number of overwintering juveniles. The abundance ofryeariings
in the shore zone was .highest in the lower estuaty until late June; thereafter,
yearling catches were highest in the most upriver regiors, Catskill‘and'Albaﬁy
'(Appehdix.Figure A-42). Catches of yearlings in the ‘shore zone were infrequent

through the summer and fall and declined to zero in early November.

In the shoals and.channel, yearling abundance peaked in:early M2y; was
low and irregular through the summer and fall, and then decreased to zero in

late November (Appendix Figure A-43).

. g) Age II and Older, April-December 1974

Age II and older American shad were rarely collected (Appendix Figure
A-46), supporting the general'conclusion that most shad leave the eStuary”as

juveniles’during the fall of their first yeaf.

b. Power Plant Regions, 1974

" Based on the iongitudinai,riVer abundances and distributions just de-
scrihed; the;Qulnerability (exposdre) of the 1974 year class of the selected
fish species life stages to power plants was partially assessed from the percent
of the peak river standing crop of each life stage that occurred within each 13-
. omi plant region .(Appendix Tables A-60 through A-74). Except for the Juvenlle
stage, which has a relatively long duration, the peak river standing crop for
each, early life stage (eggs and larvae) generally represented the major portlon
of the total population of each life stage during 1974. This percentage prov1ded
a.preliminary index of the vulnerability (or exposure) of each life stage to each

power plant. It was assumed that the larger the percentage, the greater the
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exposure to plant-induced mortality. Roseton was, not operating until September

1974, so standing crops in this plant reglon were estimated. and were considered
to be those which could have been exposed to entrainment and/or impingement at

Roseton had that plant been operating throughout the entire year. A more com-

plete assessment of vulnerability at each plant was based on the’ vertical and

lateral distribution of each life stage in the nearfield plant y1c1n1ty (de-
scribed in subseetion4D)‘and the seasonai movements of marked individuals (de-

scribed in subsection F); overall assessment of vulnerability is addressed in

. subsection G.

1) Striped Bass

‘The populations of striped bass eggs and larvae were rather uniformly
exposed to all five power plants except. that yolk-sac larval exposure was higher
at Danskammer and Roseton (Figure V-1). The downstream shift in jnvenile dis-
tribution during early September was reflected in the exposure indices based on

beach seine catches, which were higher at the more downstream plants, especially

Bowline.
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2) White Perch

_ The white perch egg population had a much higher exposure index at
the downstream plants (Bowline, Lovett, and Indian Point) than at Roseton-
Danskammer (Figure V-2). However, the adhesive and demersal characteristics of

white perch eggs should reduce their vulnerability to entrainment.

The remaining life stages (larvae and juveniles) were rather uniformly
exposed to all power plants éxcept that the exposure of yolk4sac larvae was
slightly higher at Bowline; For the population of post yolk-sac larvae, exposure
indices were highest at Roseton and Danskammer. The juvenile population's ex-.
posure to impingement was generally low during the peak standing crop period of
late August-early September and was slightly higher at Bowline, Lovett, and

Indian Point than at Roseton and Danskammer.
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" in the Hudson River.

3) © Atlantic Tomcod
Indices of exposuré were not. determined for Atlantic tomcod eggs be-

cause none were ¢ollected. Howéver, spawning locations and egg characteristics

(TI, 1975a) suggest that the eggs are relatlvely invulnerable to power plants

vy e _ Ty 5

Exposure index calculations for larvae await the results of the 1975

tomcod larva sampling which- ‘began in early March, presumably before the larvae

‘reached the- Juvenlle stage.

JuVenile tomcod were fairly abundant throughout the summer but were
concentrated in the lower estuary; hence, the higher exposure index at Bowline
(Figure V-3), which is an overestimate since juvenile tomcod are concentrated
in the channel areas (subsection D) and Bowline withdraws water from Bowline

Pond rather than the river channel (TI, 1975a).
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December th;ough‘Maréh based on box trap catches could not be used to calculate
exposure indices. Exposure to power plants during the spawning season should be
" relatively high, however, particularly at the upstream plants (Roseton and Dan-

skammer), which are located near the upper porfion of the major spawning grounds.

exposed to the power plants (Figure V-4) since almost all spawning occurred in the
upper sampling regions.

exposure being highest at Bowline, Lovett, and Indian Point during the summer and

4) American Shad

gradually moved seaward.

EXPOSURE INDEX

]

The distribution of the spawning population (juveniles/yearlings) from

The populations of American shad eggs and larvae were relatively un-.
The juvenile population was more dispersed, however, with

‘becoming ratHer uniform at all plants in late summer and fall as the' juveniles
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4. Summary

The general patternaqlnithe longitudinal distributipna of the various
life stages of the 1974 year class of striped bass, white perch Atlantic'tomcod
and American shad in the Hudson River (Aprll 1974- June 1975) and their exposure
in the 13-mi plant reglons around the Bowllne Lovett Indlan Point Roseton,

and Danskammer power stations during 1974 can be summarized as follows.
a. Striped'Bass

e Striped bass began spawning in late April, with peak egg
deposition occurring durlng 15- 18 May between RM. 39 (KM
62) and’ RM 55 (KM 88).

@ Striped bass larvae were concen*tated between RM 39 (KM
62) and RM 76 (KM 122) during the peak standing crop
period of 28 May-23 June.

e Yolk-sac larval exposure was higher at Roseton and
Danskammer than at Indian Point, Lovett, and Bowline.’
Overall, however, eggs and larvae were 31m11ar1y ex-
‘posed to all f1ve power plants

. Early Juvenlle striped bass were most abundant between
RM 24 (KM 38) and ‘RM 61 (KM 98), but their distri-

- bution gradually shifted downstream during August and
September. In December, most of the juvenile population
either migrated out of the estuary or moved to deep
water.

e Juvenile striped bass were concentrated in the lower river
regions during the peak standing crop period; hence, their
exposure to 1mp1ngement was h1ghest at Bowl1ne, Lovett,
and Indlan P01nt :

b. White Perch

e White perch began spawning in early May, with peak egg
collections occurring from 30 May through 5 June between
RM 24 (KM 38) and RM 38 (KM 61). Even though exposure

“was high at Bowline, Lovett, and Indian Point, the demer-
- sal, adhe51ve eggs are relatlvely 1nvulnerable to entrain-
ment.

e White perch larvae were very abundant between RM 24 (KM
38) and RM 106 (KM 170) during the peak standing crop .
period of 21 May-17 June. Larvae were 31m11arly exposed
to entrainment at all five* power plants.
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e Juvenile white perch were concentrated in the upper
river during most of the summer and early fall. They
were most abundant between RM 94 (KM 150) and RM 106
(KM 170) until late August to mid-September when
their distribution shifted downstream to the lower
sampling regions. Some juveniles moved to deep water
in late November, but most overwintered in the estuary.
Exposure to impingement was low at all plants until
late October when the juveniles became more concen-
trated in the lower river; at that time, they were ex-
posed mostly to Bowline, Lovett, and Indian Point.

¢. Atlantic Tomcod

e Atlantic tomcod adult distribution suggested that most
spawning occurred from mid-December through January
between RM 39 (KM 62) and RM 61 (KM 98) during
1973-74. During the 1974 ichthyoplankton sampling.
period, mid-April through mid-August, no tomcod eggs
or larvae were collected. '

e Juvenile Atlantic tomcod were most abundant between
RM 14 (KM 22) and RM 33 (KM 53) throughout the
year. Their exposure to impingement during the peak "
standing crop period 29 April-4 May was highest at
Bowline, but most were in the channel areas and re-
latively invulnerable to Bowline's intakes.

- d. American Shad

e American shad were spawning in late Apfil and peak
egg deposition was between RM 34 (KM 150) and RM
124 (KM 198) during 23 May-5 June. :

e Larvae were concentrated betweeﬂiRM 86 (KM 137)
and RM 124 (KM 198) during the peak standlng crop
- period of 28 May-23 June.

e Eggs and-larvae were concentrated in the upper sam-—
pllng regions and essentially were 1nvulnerab1e to
entrainment. i

e Juvenile American shad were distributed. throughout
the estuary until mid-October when they began to
migrate seaward. By late November, almost all juve-
niles had left the estuary. Juveniles were slightly

_ more vulnerable to impingement at Bowline, Lovett,
~and Indian Point in early July, but exposure was
low at all plants later iu the year.

V-22 services group

e



D. VERTICAL, LATERAL, DIEL, AND TIDAL DISTRIBUTION AND ABUNDANCE - -
1. Objective
This subsection describes”the vertical, lateral, diel (day/night), and
tidal distributions of life stages of the 1974 year class of striped bass, white
perch, Atlantic tomcod, and American-shad in the Hudson River [RM 12-152 (KM 19-
243)] and in the nearfield vicinity of Bowline, Lovett; Indian Point, Roseton, and

Danskammer power plants. These distributions were also used to assess the vul-

- merability of those species to power plants. Also discussed is’ the analysis of

‘data.‘collected in the nearfield vicinity of Indian Point during 1973. The fol-

lowing diagram shows the position of this subsection in the overall organization

of Section V.
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2. Methods .
a. Riverwide, 1974

- Data collected by Texas Instrumentsl(TI) during March-December 1974
in the longitudinal ichthyoplankton, beach seine, interregional trawl, 'and fall
shoals surveys were analyzed with nonparametric statistical methods to describe
the vertical, lateral, diel; and tidal distributions for all life stages of
striped bass, white perch, Atlantic tomcod, and American shad collected in the
‘estuary [RM 12-152 (KM 19-243)]. Section III and an earlier report (TI, 1975a)
describe field sampling procedures, laboratory processing methods, . and abundance‘

calculations.

Riverwide data were grouped into vertical (depth) and lateral'séréta;.
separated into day vs night samples and tidal stage (beach seine only), and
analyzed:With tﬁé.épprépriate test, éither;a nonparametrié Friedmaﬁ analysis
of variance (Miller, 1966; Conb&er, 1971):or a Wiicoxon sign }ank'test (Hollanf
der and Wolfe,:l973).z Neither the TI ichthyoplankfon nor fisherieé‘sampling
programs were sﬁecifically designed to detect diel or tidal differences; how-
ever, where possible, such éqmparisdns were made. ‘Sunrise and sunset were the.

divisions for day and night samples.

The following distribution analyses for the various life stages were

completed:

e Eggs, larvae, and early juveniles (late April through mid-
August) :

— Lateral distribution (west shoal, channel, east shoal
strata), day and night samples combined

- Day/night differences in vertical distribution in the
channel (bottom, midwater, surface strata)

e Juveniles (July through December)

— Lateral distribution (west shore zone vs east shore
zone strata) day samples.

— Lateral distribution on bottom (west shoal, east shoal,
areas >6 m <12 m deep, areas >12 m deep), day samples
and night samples separately

— Day/night differences in shore zone distribution, east
- and west shores combined
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..— Tidal stage differences in shore zone distribution, .
day samples :

1) Eggs, Larvae, and Early Juvenlles (Late Aprll through
Mid-August) : ,

- The 1974-longitudinal-riverlichthyoplankton.surve&'dafa were grbuped

into five strata (Figure V-5) defined as follows:

West shoal (W) that area of the river extending from the west
L - - shoreline to a depth of 20 ft (6 m)

that area of the river extending froﬁ the east
_ shoreline'to a depth of 20 ft (6 m)

East shoal (E)

Bottom (B) that area of the river >20 ft (6 m) deep and
' <10 ft (3 m) from the bottom
that area of the river >20 ft (6 m) deep and

Surface (8) :
' ' <10 ft (3 m) from the surface

that area of the river >20 ft (6 m) deep and
extending from 11 ft (3.3 m) below the surface
to 11 ft (3.3 m)..above the bottom

Midwater (M)

Figure V-5. Diagrammatic Cross Section

' - of Hudson River Illustrating
20 i1 S - . Five Strata Used in Egg, .
6" ' Larval, and Early Juvenile
Vertical-Lateral, Day/Night
—_ . L . Distribution Analyses .

20 FT
(6 M)

|
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Table V-3 shows the distribution of sampling effort in the five strata

(day and night tows combined).

Table V-3

Distribution of Longitudinal River Ichthyoplankton Survey Sampling
(Number of Tows) from Late April through Mid-August 1974 in Five
‘Strata of Hudson River Estuary [RM 14-140 (KM 22-224)]

N

Number of Tows

West Shoal East Shoal Surface Midwater Bottom
(W) ' (E) , (s) (M ‘(B)
108 . 131 137 241 649

‘Day/night distribution analysesvincluded.ohly the surface, midwater,
and bottom strata. Both the vertical (day versus night) and lateral (day/night
combined) analyses were based on the same data, however, the mean surface mid-
water, and bottom den31t1es generated from the day/night vertical analysis were
weighted according to the number of blocks (day vs night river runs) included
in the analysis before they were compared to the mean surface, midwater, and

bottom densities generated from the lateral distribution analysis.

2) Juveniles (July-December)

Catch data from the 1974 beach seine survey were separated into (1)
two lateral strata (west shore zone vs east shore zone, day samples), (2) day
vs night samples collected in the Indian Point, West Point, and Cornwall re-
.giens (east and west combined), and (3) day samples collected at each tidal
stage (flood, high slack, ebb, and low slack) for comparison with nonparametric
Wilcoxon‘sign rank tests. The number of seine hauls was sufficient to statis-
tically compare only the flood and ebb tidal stages. Table V-4 indicates*the

distribution of sampling effort in the two lateral strata, the two diel periods,

and the four tidal stages.

Catch data from the 1974 fall shoals survey and bottom trawl sur-

vey were separated into four lateral strata as follows: west shoal, east shoal
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Table V-4

Distribution of Beach Seine Survey Sampling (Number .of.Hauls)
by Lateral Strata, Diel Period, and Tidal Stage in. Hudson
River Estuary [RM 12-152 (KM 19-243)] during 1974

Number of Hauls

Lateral Stratum* :
Di o Tk o . *
West East 1e1 Period K | Tidal Stage
Shore Zone - Shore Zone Day Night ©~ Flood High Slack Ebb Low Slack
1162 928 318 171 845 | 114 981 84

*Day samples in 12 regions [RM 12-152 (KM 19-243)7, June-December
*%Samples in 3 regions [RM 39-61 (KM 62-98)], August-November, where sunrise and
sunset were considered to be the divisions for day and night

(Figure V-5), river éreas'>6 m <12 m deep, and river areas >12 m deep. Mean
densities of juveniles (number of organisms. captured per thousand cubic meters)
in_eacﬁ'étratuﬁ (fall shoals) and mean catch per tow (bottom trawl) in-each
stratum were compared separately by gear with-a Friedman analysis-of-variance
test. Fall shoals samples were taken at night by epibenthic sled. Bottom
trawl samples were taken during the day with an Ottef—type trawl. Both gear
are designed fo sample on the bottom Tablé V-5 shows the distribution of

sampllng in the four lateral strata by gear. '

b. 'Nearfield Vicinity of Indian Point, 1973 and 1974, and Nearfield
Vicinity of Lovett, Bowline, and Roseton-Danskammer, 1974

‘Data collected at-Indian Point during 1973 and 1974 by New York

- University (NYU) and supplied to TI and data collected at Lovett, Bowline, and
. Roseton~Danskammer during 1974 by Lawler, Matusky and Skelly (LMS) and sup-

* plied to TI were analyzed to describe the vertical, lateral, and diel dis-

tribution for striped bass eggs (at Indian Point only) and ldarvae and white
perch larvae in-the nearfield vicinity of the five operating power plants.
located on the Hudson River between.RM 37 (KM 59) and RM 66 (KM 106). Transect
data collected in.-the nearfield vicinity of the Indian Point power plant

[RM 42 (KM 67)] during 1973 and 1974 were analyzed, as were nearfield transect

Y
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Table V-5

Distribution of Night Epibenthic Sled (Mid-August through Mid-
December) and Day Bottom Trawl Effort (April through Mid-
December) (Number of Tows) in Four Lateral Strata of Hudson

River Estuary [RM 14-76 (KM 22-122)] during 1974

Number of Tows

: o River Depthl River Depth
Gear West Shoal | East Shoal s6m<12m 512 m
) (E) s
‘Epibenthic sled 633 | 527 ' 197 ' 243
Bottom trawl . 67 165 ° . 82. . 74

data collected at Bowline [RM 37 (KM 59)], Lovett [RM 41 (KM 66)], and Roseton- -
Danskammer [RM 65-66 (KM 104-106)] during 1974. Appendix B describes the sam-
pling statioms, collection procedures, gear, sampling frequencies, and labora-

tory processing methods used by NYU &and LMS.

The vertical (surfaée, midwater, and bottom), lateral (sampiingﬁsta—
tion), and diel (day/night) distributions of eggs and larvae were examined by
applying a nonparametric analysis to the transect data. To make catches com-
parable, densities (number of organisms captured per ‘1000 cubic meters of water
strained) were computed. The volume of water strained per tow was determined
by the size of the net and a flowmeter reading. Because flowmeters periodically.
malfunction and give spurious or erroneous readings, it was necessary to identify
incorrect flowmeter readings before performing the analysis. Spurious flowmeter
readings were identified by the procedures detailed in Appendix B. Criteria were
developed for excluding spurious flowmeter readings and estimating replacement
values from means. Very large or very small flowmeter readings result in in-
correct density estimates, which can bias a parametric analytical bfocedure.
Since a nonparametric procedure was used to compare the ranké‘of the observed
densities,vthe’estimated flowmeter readings eliminated empty cells in the sam-
ling design and should not have biased the results. Additional rationale for

using a nonparametric analysis is discussed later in this section.
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After the flowmeter readings were analyzed, a nonparametric analysis
of variance (ANOVA) was performed. All densities for a particular sampling
date, station sampling depth and diel period (day or night) were averaged
Only sampling dates with nonzero catches were included in the analy51s, ‘there-

fore, the number of spec1es, life stages, and dates that could be tested was

limited When only a few sampllng dates were appropriate for the nonparametric

ANOVA the analysis was performed by blocking on sampling date (time) ‘and sta—
tlon, permltting an overall comparison of day/night and vertical differences in
abundance. When 31gn1f1cant differences were observed among the vertlcal or
lateral strata, nonparametric pa1rw1se comparisons among mean den31t1es were

made (Hollander and Wolfe, 1973).

Conclusions regarding distribution patterns in the NYU and LMS tran-
sect data were limited by several factors. As mentioned,’only nonzero catches
were included in the analysis, so only the very abundant key fish species and

life stages in the plant vicinities are discussed. Consequently, of the four

key species (striped bass, white perch, Atlantic tomcod, and American shad) in

the Indian Point area during 1973. and 1974, only striped bass (eggs, yolk-sac
larvae, and post yolk-sac larvae) and white perch (yolk-sac and post yolk-sac

larvae) were taken in sufficient numbers to test for vertical, lateral, and

) diel differences in. abundance. An additiOnal constraint upon the Bowline, -

Lovett, and Roseton-Danskammer transect data in 1974 was that LMS did not iden-
tify eggs to species and did not separate larvae into the yolk—sac and post
yolk-sac stages. Hence, only striped bass and white perch larval distributions
(yolk-sac and post yolk-sac larvae combined) were compared. at the three LMS
transects; tomcod larval distributions were compared only at Roseton-Danskammer,

and juvenile tomcod distributions were compared only at Bowline and Lovett.

_ Based on a comparison of the limitations in the transect data sets,
the 1973 and 1974 NYU data at Indlan Point prov1ded the best information on ver-
tlcal lateral, and diel abundance patterns for the early life stages of striped
bass and white perch. Both years were examlned to compare general distribution.
The Indian P01nt transect analyses (1973 and 1974) supported the 1974 TI river-
wide data (also analyzed and discussed hereln). Ihe 1974 ILMS transect data at
Bowline, Lovett, and Roseton-Danskammer provided a general picture offvertical,
lateral, and diel abundance of the larvae of some key fish species in the near-

field vicinity of these power plants.
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c. Rationale for Using Nonparametric Analysis Techniques

Analytical problems are_usually presented by ichthyoplenkton'and
fisheries sampling designs and catch data because of unequal variances, non-
nermal statistical distributions, and the lack of replicéte samples. Parametric
analysis requires’that'the assumptions of equal variances and normelitylbe sat-
isfied for valid testing. Nonparametric techniques also require satisfaction of
the equal variance assnmption, but valid testing does not require‘the'normality~
assumption. Hence, the nonparametric statlstical technique is appropriate for
the distrlbutlon analyses presented in th1s subsectlon. For add1t10nal 1nfor-
mation on the use of nonparametric technlques, see Puri and Sen (1971) and

Conover (1975).

3. Results and Discussion

Vertical, -lateral, diel, and tidal distributions~ef life stages of
the key fish species (striped bass, white perch, Atlantic tomcod,'and American
shad) in the Hudson River estuary during 1974 [RM 12-152 (KM 19-243)] and
in the nearfield vicinity of Indian Point during 1973 and 1974 -and Bowline,
Lovett, and Roseton-Danskammer during 1974 offer information supplementel to
the riverwide and plant region longitudinal distributions discussed in sub--
section C, which can be used to assess vulnerability. Observed mean rank dif-
ferences in densities between the various strata (vertical, diel, 'and tidal)

were considered to be significant at o = 0.05.

a. Riverside, Late April through Mid-August 1974
i) Striped Bass
a) Eggs

~ With combined day and night samples, striped bass egg densities were
highest inﬁthe bottom stratum and lower in the surface, midwater, and shoal
strata. Egg densities were similar in both the east and westbshoals (Table
V-6). vDensities in all three vertical strata were lower at night than during
the day (Table V-7), with highest egg densities occurring near the bottom,

day and night.
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Table V-6

Combined Day/Night Distribution [Mean Density (No./1000 m3)] of
Striped Bass Eggs, Yolk-Sac Larvae, Post Yolk-Sac Larvae, and
Early Juveniles in Each of Five Vertical/Lateral Strata Sampled
with Epibenthic Sled and Tucker Trawl, Hudson River Estuary [RM
14-~140 (KM 22-224)], Late. April through Mid-August 1974

Stratum

Mean Densityi(No./1000 m3)

Comparison of Mean Rank

Life Stage West Shoal(W) East Shoal(E) Surface(S) Midwater(M) Bottom(B) Differences among Strata*
Eggs 4,17 17.83 6.50 27.24 43,16 W E S M B
Yolk-sac larvae 6.58 8.82 12,53 23,66 31,99 W E S M B

Post yolk-sac 18.01 24,41 37.96 43.24 43,30 W S M E B
larvae —_—
Early juveniles 1.28 8.44 0.07 0.13

1.09 S M W B E

*
Listed in order of increasing mean rank (left to right). Any two strata in each life

stage underscored by same continuous line are not different at a = 0.05.

Table V-7

Day/Night Distribution [Mean Density (No. /1000 m3)] of Striped
Bass Eggs, Yolk-Sac Larvae, and Post Yolk—Sap Larvae in Each
of Three Vertical Strata (Shoals Excluded) Sampled by Epiben-

thic Sled and Tucker Trawl, Hudson River Estuary [RM 14-140
(KM 22-224)1, Late April through Mid-July 1974

Stratum

Mean Density (No./1000 m3)

Comparisous

Comparison of Mean Rank

Life Stage Time* Surface(S) Midwater (M) Bottom(B) Differences among Strata*
Eggs Day(5) 15.66 57.97 98.12 S M B
Night(8) 0.78 8.03 8.81 M B
Yolk-sac larvae Day(5) 13.64 47.06 68,31 S M B
Night (8) 13,52 10.34 10.59 B S M
Post yolk-sac Day(5) 12.82 40.77 41,40 S M B
larvae
Night(8) 67.91 60.97 60.61 S M B

*
Number in parentheses represents river runs or time blocks included in analysis.

*%
Listed in order of increasing mean rank (left to right). Any two strata in each
life stage underscored by same continuous line are not different at o = 0,05.
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b) Yolk-Sac Larvae

With combined day/night samples, the vertical/lateral distribution
of yolk-sac larvae appeared to be more uniform than that of eggs (Table V-6).
The bottom and midwater strata had significantly higher densities only when com-
pared with the west shoals. Densities of yolk-sac larvae in the east shoal, west
shoal, and surface strata were similar. During the day, densities of yolk-sac
larvae were higher near the bottom (Table V-7); at night, however, densities
were lower than during the day and similar from surface to bottom, suggesting
a vertical dispersion of yolk-sac larvae throughout the water column at night.
Striped bass larvae become motile at 5 to 6 mm (Mansueti, 1955) and therefore

are capable ot some vertical movement in the late yolk-sac stage.
\
¢) Post Yolk-Sac Larvae

Based on combined day/night samples, the distribution of post yolk-
sac larvae was very similar to that of yolk-sac larvae; there were few dif-
ferences among strata densities, vertically or laterally (Table V-6). During
the day, post yolk-sac larvae were apparently concentrated near the bottom
(Table V-7); at night, however, densities were more uniform from top to bot-
tom, suggesting a vertical dispersion of post yolk-sac larvae throughout the
water column at night. The generally higher densities of post yolk-sac larvae
at night in all three depth strata suggested that gear avoidance may have been

reduced at night.

d) Early Juveniles

Densities of early juvenile striped bass were significantly higher
in the bottom and east shoals than in the surface or midwater strata (Table
V-6). Early juveniles were relatively abundant in the bottom stratum, indi-
cating that a portion of the juvenile population remained in the areas of the
river >6 m deep, at least through mid-August, even though movements by juve-

nile striped bass to the shoals were suggested in subsection C.

“2) White Perch

a) Eggs

White perch eggs did not exhibit any clear vertical/lateral dis-

tributions based on density comparisons from combined day/night samples
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(Table V-8); however, surface densities wére-significantly lower than bottom

and east shoal densities. Too few eggs were collected in the channel area to

allow assessment of day/night differences in their.vertical'distribution; how~

ever, the vertical distribution of eggs should have been similar during day and

night, with most occurring near the bottom (Table V-8).

TaBle V-8

Combined Day/Night.Distribution [Mean Density (No./1000 m3)] of White
Perch Eggs, Yolk-Sac Larvae, Post Yolk-Sac Larvae, and Early Juveniles
in Each of Five Vertical/Lateral Strata Sampled with Epibenthic Sled
- .and Tucker Trawl, Hudson River Estuary [RM 14-140 (KM 22-224)],
Late April through Mid-August 1974 '

Stratum

Mean Density No./1000 mj Compari of Mean Rank
. parison ean Ran
Life Stage . West Shoal(W) East Shoal(E) . Surface(S) Midwater{M) Bottom(B) . Differences among Strata* -
Eggs 29,82 213.48 0.27 3.46 31.69 S WM E B
Yolk-sac larvae 10.90 . 18.49 . 4,58 11.80 12,34 “W-S E M B
Post yolk-sac 11.26 23,00 79.30 49,34 40.77 W E M S B
larvae : .
Juveniles *k 0.35 0.06 0.33 0.82 S E M B
*Listed in order of increasing mean rank (left to right). Any two staLa in each life stage

undersgored by same continuous line are not different at o = 0.05.

**Not included in test because Juvenile density was always zero.

~ b) Yolk-Sac Larvae

Based on combined day/night samples, the vertical/lateral distri-

bution of yolk-sac larvae was rather uniform across strata, with only bottom

densities being significantly higher than west shoal densities (Table V-8).

Vertical distribution of yolk-sac larvae was similar from surface to bottom,

day. and night -(Table V-9), but there was a suggestion that densities were

lower in the surface strata during the day.

¢) Post Ydlkaac Larvae

Based on day/night samples combined, white perch post yolk-sac larvae

were significantly more abundant in the surface and bottom strata than in the’

midwater strata or east and west shoals (Table V-8). Post yolk-sac larvae
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Table V-9

Day/Night Distribution [Mean Density (No./1000 m3)] of White Perch Yolk-Sac-
Larvae and Post Yolk-Sac Larvae in Each of Three Vertical Strata Sampled
- (Shoals Excluded) by Epibenthic Sled and Tucker Trawl, Hudson River
Estuary [RM 14-140 (KM 22-224)], Late April through Mid-July 1974

t
Stratum Comparison of Mean Rank

Mean Density (No./1000 m3) Differences among Strata*

Life Stage Time* Surface(8) Midwater (M) Bottom(B)

Yolk-sac larvae Day(S) 7.87 24,26 24.82 S M B
Night (8) " 3.0 5.48 6.08 S B M

Post yolk-sac Day (5) 66.73 .55.26 - 36.22 B M S
| larvae  Night(1l) 92,23 . 51,13 46.54 - S M B

*Number in parentheses represents number of river runs or time blocks included in analysis.

*%Listed in order of increasing mean rank (left to right). Any two strate in each life stage
underscored by same continuous line are not différent at o = 0.05.

were uniformly distributed throughout the water column during the day and at
night (Table V-9) and tended to occupy the surface waters more extensively .

during the day than did striped bass post yolk-sac larvae (Table V-=7).

d) Early Juveniles

Tﬁe abundance of juvenile white perch was relatively low in 1974
(Section IV and TI, 1975a). Densities were significantly higﬁer'near the
bottom than in the surface stratum in day/night sampling combined (Téble V-
8). No juveniles were collected in ichthyoplankton gear in the west shoals
between late April and mid-August, but they began to appear in beach seine
catches iﬁ the shore zone in early July (TI, 1975a), suggesting a lateral
movement tb‘areas inaccessible to epibenthic sleds and Tucker trawls. Some

of the juveniles, however, apparently remained in areas of the river >6 m deep.

3) AtlanﬁiclToﬁcodv

Juveniles were the only tomcod life stage collected by epibenthic
sled and Tucker trawl in 1974. They were concentrated in the west shoal and
bottom strata (Table V-10) in day/night- samples combined and were almost absent
from surface waters. Atlantic tomcod are demersal (TI, 1975a), so the rela-
tively high density in the west shoal is difficult to explain unless juvenile
tomcod were avoiding the freshwater inflows from the Croton River, which enters

the Hudson from the east side .at RM 34 (KM 54).
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Table V-10

Combined Day/Night Distribution'[Mean Density (No./1000 m3)] of Juvenile
‘Atlantic Tomcod in Each of Five Strata Sampled with Epibenthic Sled and
~Tucker Trawl, Hudson River Estuary [RM 14-140 (KM 22-224)], Late
April through Mid-August 1974

Stratum
) Comparison of Mean Rank
Mean Density (No./1000 m3) Differences among Strata*

Life Stage West Shoal(W). East Shoal(E) Surface(S) Midwater(M) Bottom(B) .

Juveniles 201.36 16.90 0.32 22,74 117.26 S E M W B

*Listed in order of increasing mean rank (left to right). Any two strata in each life stage
underscored by same continuous line are not different at o = 0.05

4) American Shad

a) Eggs

Combining day and night samples, it appeared that shad eggs were
generally concentrated near the bottom of the channel (Table V-11). Egg den-
sities were relatively low in the surface and midwater strata and were near
zero in the shoal areas. However, there was limited ‘sampling in the shoals
above -RM 62 (KM 99), the major shad spawning area in the Hudson River (sub-

- section- C); therefore, the relative importance of the shoals is unknown.
Densities of shad eggs from -surface to bottom did ndt'changé significantly
on a diel basis, but a trend toward relatively low densities in the surface

stratum during the day was suggested (Table V-12).

V.b) Yolk-Sac Larvae

Based on day-and night samples combined, American .shad yolk-sac
larvae were most abundant in the bottom and midwater strata and least abun-
dant in the surface.waters,-a'pattern similar to that of the eggs (Table V-
11). Shoal density estimates likely were infiuenced_by the distribution of
sampling effort, as described for the eggs; Yolk-sac larvae were concentrated
near the bottom during the day but were more dispersed throughout the water
column at night (Table»V—lZ); Shad larvae become motile when about 12 mm

long (Leim, 1924); thus, vertical movement in the late yolk-sac stage was

possible.
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Table V-11

Combined Day/Night Distribution [Mean Density (No./1000 m3) ‘of American Shad
Eggs, Yolk-Sac Larvae, Post Yolk-Sac Larvae, and Early Juveniles in Each of
Five Strata Sampled with Epibenthic Sled and Tucker Trawl, Hudson River
Estuary [RM 14-140 (KM 22-224)], Late April through Mid-August 1974

Stratum

Mean Density (No./1000 m?) Comparison of Mean Rank

Life Stage West Shoal(W) East Shoal(E) Surface(S) idwater (M) Bottom(B) ) Differences among Strata*
Eggs Rk ook 5.95 7.63 30.07 s M B
Tolk-sac larvae *xe Rk 0.53 2.20 2.69 ' s M B
fost yolk-sac 2,79 - 1.12 19.66 6.10 9.80 E W M S .B
larvae —_—
Juveniles 2,88 © 5,23 0.55 2,32 2,21 S W M B E
#Listed in order of increasing mean rank (left to right). Any two strata in each life stage

underscored by same continuous line are not different at a = 0.05.
**Not included in test because only one river run contained eggs or yolk-sac larvae.

***Not jncluded in test because density was always zero.

c) Post Yolk-Sac Larvae

The more motile American shad post yolk-sac larvae were collected in
all five strata. Based on day/night samples combined, however, they were sig-
nificantly more abundant in the surface énd‘bottom strata than in the shoal
strata (Table V-11). Post yolk-sac larvae were apparently uniformly distri-

buted throughout the water column (Table V-12).

d) Early Juveniles

Juvenile American shad wefe more abundant in the shoals than were the
post yolk-sac larvae (Table V-11) but were still numerous everywhere except near
the surface in day and night samples combined. Juveniles first appeared in beach 
seine catches in the shore zone in mid to late June (subsection C) at a mean
total length of 25 to 35 mm (Appendix Table A-97). At least through mid-August,

they were also present in areas of the river >6 m deep.
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+ Table V-12..

Day/Night Distribution [Mean Density ‘(No. /1000 m3) of American Shad.
Eggs; Yolk-Sac Larvae, and Post Yolk-Sac Larvae in Each of Three
Vertical Strata (Shoals Excluded) Sampled’ by Epibenthic Sled and
- Tucker Trawl, Hudson River Estuary [RM 14-140 (KM 22- 224)],

Late Apr11 through Mid—August 1974

Stratum ) Comparison of Mean Rank
Mean Density (No./1000 m3) Differences among Strata*
Life Séage . - Time# . .éurface(s) Midwater (M) Bottom(B)
Eggs Day (6) 1.69 13.07 19.70 S M B
’ Night (6) 11.20 3.46 45,44 M S B
Yolk-sac larvae Day(4) ) 0.43 4,66 5.05 ' S-MoBt
Night (3) 1.15 : 1.12 2,08 S M B
Post volk-sac  Day(5) 23.75 O 8.60 8.55 MBS
larvae : —_—
Night(‘)) 19,57 5.39 11.56 MoS B

*Number in parentheses represents river runs or time blocks included in analysis.:

**Listed in order of increasing mean rank (left to right). Any two strata in each life stage
not underscored by same continuous line are different at a = 0.05.

b. . Beach Seinersnfﬁey,.July—December
1) Juvenile Strined Bass

Juvenile striped bass abundance was similar in the east and west shore
zone at o = 0.05 (Table V—13) _indicating no apparent preference for either shore
zone in the 11 geographlcal reglons. Data were insufficient to test east-west;

dlfferences in the Yopkers region. , .

- During early August-November; juvenile striped bessﬁaﬁundance was
greater (p = 0.012, Wilcoxon sign’fank'ﬁest 2-tailed) at nlght in the shore
zone of those reglons sampled day and’ nlght [Indian Point ‘West P01nt and
Cornwall, RM 39-61 (KM 62-98)]. Overall mean catch per unit effort was 8.6
for night catches and 3.9 for day catches, suggesting that“jnvenile striped
bass moved into the.beach areas at. night. Because length-frequency. distri-
butions in both day and night samples were similar (Appendix Tables A-85 -and

A-86), decreased gear avoidance at night would not explain the diel differ-

ences in shore zone distribution.
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Table V-13

Daytime Distribution (Mean Catch per Unit Effort) of Juvenile Striped Bass
in East and West Shore Zones Sampled by 100-Ft (30.5-m) Beach.
Seines in 12 Geographical Regions of Hudson River Estuary

. [RM 12-153 (KM 19-243)], July-December 1974 «

Comparison of Mean Rank Differences

Mean Catch per Unit Effort between Shore Zones*

‘G‘eographiéal West Shore Zone East Shore Zone - Direction of _ p-Value.
Region (W) : - (E) . Rank Difference (2-Tailed)

Yonkersi* —-- . e : - o .-

Tappan Zee 3.4 . 12.9  E>W. .0.094
Croton- - | 3.2 - s7 - E>W - 0.070
Haverstraw ' ’ ' : '
Indian Point 2.9 - 3.3 E>W 0.910
West Point 1.9 | . 2.0 LE>W ©0.542
Cornwall . . 4.1 L1 weE 0.056
Poughkeepsie - 0.9 o 15 ’ E>W 0,168
Hyde Park 0.5 3.5 E>W. 0,426
Kingston = | . 0.3 . , 0.5 E>W- - 0360
Saugerties 0.5 o 1.9 E>W 0.204
Catskill 1.9 - 2.3 E>W 0.160

| 7 E>W 0.946

Albany . 0.7 N : 1.

*East and west shore zones compared with Wilcoxon sign rank tests.

**Sample size inadequate to validly test east-west differences.

Juvenile striped bass were caught uniformiy in day beéch'seinéé'OVér
all tidal stages (Table V—14). ‘Riverwide differences in mean catch per ﬁnit
effort between flood and ebb tide for July-December were similar (p'> 0f05,
Wilcoxon sign rapk test). Fbr night seine catches,. flood vs ebb tidal stage
differences also were similar, suggesting that tidal fluctuations are unre-

lated to juvenile striped bass adbundance in shore zone areas, day or night.

2). Juvenile White Perch
Juvenile white perch did not exhibit any general riverwide preference

for ‘the east or west shore zones during the daytime (Table V-15), but they were
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" Table V=14

Dlstrlbutlon of Juvenile Strlped Bass: in Day Beach Seines over Four
Tidal Stages, Hudson R1ver Estuary [RM 12 -152 (KM 19 243)], 1974

' Mean Catch' per Unit Effort

M',onth Flood i ",‘ ngh Slack Ebb Low Slack
Apr 0 0 0 0
May. 0 0 0. - 0
Jun 0.02 0 0.26 0
Jal - - 2.27 0.67 3.01 0.33
Aug 4.85 0 5.61 12. 60
Sep 6.60 6.59 4.78 18.69
Oct . 3.37 1,79 4.06 4,58
Nov =~ 3.32 ~ 1.56 3.30 0.17
Dec'  0.20 0 1.78 0
Overall , ,q 11.18 2.53 4,04

Means

more abundant 1n the west shore zone in the Tappan Zee, Cornwall, and Pough—
keepsie regions. Data were 1nsuff1c1ent to test east-west. dlfferences in the
Yonkers region. In the remaining seven regions, shore zone differences were

not significant (p > 0.05).

In each of .the three regions where Juvenlle white perch abundance .
was greater in the west shore zone, a major tributary stream enters. from the -
east side:. Croton River in. the Tappan Zee reglon Fishkill Creek 1n .the Corn-
wall region, and Wappingers Creek 1n the Poughkeep51e reglon Juvenlle white
perch may. either avoid those areas of freshwater inflow or move into those
tributaries during summer and early fall. In either case, they_wouid become

unavailable to beach seines and thus reduce C/f values in the east shore

zone of these three regions.

D1el and tldal shore zone abundance patterns for Juvenlle white
perch were similar to those already descrlbed for -juvenile strlped bass,

1.e., greater abundance at night (p 0.005, Wllcoxon signed rank test,
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- Table V-15

Distribution (Mean Catch per Unit Effort) of Juvenile White Perch in
East and West Shore Zones Sampled during Daytime by 100-Ft (30.5-m)
Beach Seines in 12 Geographical Regions of Hudson River Estuary
[RM 12-152 (KM 19-243)], Mid-June through Mid-December 1974

Mean Catch per Unit Effort Comparison of Mean Rank Differences
' between Shore Zones*

Geographical West Shore Zone East Shore Zone Direction of p-Value -
Region _ (W) : (E) Rank Difference (2-Tailed)

Yonkersk* - - - e e

Tappan Zee 2.2 : 0.1 v W>E 0. 006
Croton- . 0.5 ' 0.4 . W>E 0.578
Haverstraw '
Indian Point 1.1 2.8 E>W 0.168
West Point 1.2 1.4 E>W - 0.762
Cornwall 2.4 0.7 W>E 0. 020
Poughkeepsie 4.2 1.1  WE 0. 002
Hyde Park 6.5 4.3 W>E 0.678
Kingston 1.8 1.4 " W>E 0.944‘
Saugerties 7.3 7.4 E>w 1.000
~ Catskill 2.2 1.6 W>E | 0.696
Albany 0.5 0.5 E>W . 0.570

*East and west shore’'zones compared with Wilcoxon sign rank test.

**Sample. size inadequate to validly test east-west differences.

2-tailed) in those regions where day and night samples were taken and no dif-
ferences in catch per unit effort across the four tidal stages (Table V—lé).
Overall mean catch per unit effort was 8.1 for night and 3.6 for day in the
Indian Point, West Point, and Cornwall regions during August-November. Simi-
larity between day/night length-frequency distributions suggested that gear
avoidance was not a factor in.this diel distribution pattern in the shore zone

(T1, 1975a, and Appendix Tables A-89 and A-90).

3) Juvenile Atlantic Tomcod

Juvenile Atlantic tomcod are demersal, deep-water fish and are re-
latively less abundant in shallow shore zone areas than in deeper shoal and
channel- areas (TI, 1975a); therefore, no analyses of tomcod catcheé in beach

seines were performed.
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- Table V-16

- Distribution of Juvenile Whlte Perch in Dav Beach Seines over Four
- T1dal Stages, Hudson River Estuary [RM 12 152 (KM 19- 243)], l974

Meén Catch per Unit Effor’t N

Month  Flood  HighSlack Ebb  Low Slack
Apr 0 0 0 0
May 0 0 0 0

Jun 0 0 0 0
Jul 0. 99 0 0. 60 0, 67
Aug 3. 67 0. 20 5.20 1.40
Sep’ 2.08 2.18 7.25 0.46
Oct 2.47 0.59 1.41  2.88 .
Nov ©2.20 0.13 1.15 0.17
Dec 0.03 0 0 0
Overall. _ . _ _ :
Means 1.27 0034 1,73 . 0.62

" 4) ‘Juvenile American Shad-

Juvenile American shad did not exhibit general riverwide differences
in preference for the east:and west shore zones (Table V-17), but abundance
was greater in the west shore ‘zone (a = 0.05) in threémregions (Croton-Haver-
straw, Saugerties, and Albany). Data were insufficient to test. east-west dif-
ferences in the Yonkers region. In the remaining eight regions, shore zone

differences were not 51gn1f1cant

In the three geographlcal regions sampled by beach selne both day
and night in 1974 (Indlan Point, West P01nt, and Cornwall), Juvenlle shad were
over three times more abundant in day catches (p = 0.009, Wilcoxon sign rank
test, 2-tailed). Mean catch per unit effort was 19.3 in the daytime and 6.2
at night. This diel pattern was directly opposite that of juvenile striped
bass and white perch and act to reduce niche overlap. Juvenile shad abun-
dance in the shore'zone was unrelated to tidal stage during both day and

night sampling (Table V-18).
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Table V-17

Distribution (Mean Catch per Unit Effort) of Juvenile Amerlcan Shad in
East and West Shore Zones Sampled during Daytime by 100-Ft (30.5-m)
Beach Seines in 12 Geographical Regions of Hudson River Estuary:
[RM 12-152 (KM 19-243)], June-December 1974

Comparison of Mean Rank Differences

Mcén Catch per Unit Effort .. between Shore Zones*
Geographical West Shore Zone East Shore Zone Direction of p-Value
Region (W) (E) Rank Difference (2-Tailed)
Yonke rs= --- --- --- ---

- Tappan Zee 9.8 - 6.8 W>E 0.530:
Croton- ) 7.0 : 4.9 ~ W>E : 0.056
Haverstraw )

Indian Point ‘ 6 4 6.9 . E>W 0.528
West Point ‘ Cb.2 6.5 E>W 0.718
Cornwall 14.9 13.1 - W>E 0.456
Poughkeepsie ' 13.6 18. I E>W | 0.228
Hyde Park 5.9 6.6 E>W 0.674
Kingston ’ 6.4 5.3 W>E 0. 668
Saugerties 10.8 5.9 W>E 0.012
"Catskill CoT.2 7.1 W>E 0.806
Albany 9.0 4.3 W>E 0. 020

*East and west shore zones compared with Wilcoxon sign rank test.
*¥Sample size inadequate to validly test cast-west differences.

Table V-18

Distribution of Juvenile American Shad in Day Beach Seines over Four Tidal
Stages, Hudson River Estuary [RM 12- 152 (KM 19-243)], 1974

_Mean Catch per Unit Effort .

Month Flood  HighSlack . Ebb  Low Slack
Apr 0 o . 0 0
May 0 0 o 0
Jun 0.08 0.48 1.09 0.10
Jul 15.77 . 9.00 10. 21 9.00
Aug 13.04 10. 80 17.73 12.20
Sep 13.64 . 13.32 13.33 5.62
Oct 16. 34 10.72 11.97 6. 50
Nov 3.97 © o381 2.63 0.83
Dec 0o . 0 : 0 0
Overall 6.98 - 5.35 6.33 3.81
Means
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c¢. Fall Shoals Survey (M1d—August through December) and Interreglonal
- Bottom Trawl Survey (July through December) R

1) Striped'Baéé

Juvenile striped bass were distributed uniformly in shoal -and shallow
channel [<40 ft (12.2 m) deep] areas but were leaet abundant on the bottom in
depths >40 ft (12.2.m) (Tables V-19 and V-20). Strata densities in epibenthic
sled samples fluctuated,regularly and were roughly parallel in the east shoal,
west shoal, and >20-ft (6.1-m) <40-ft (12.20-m) stratum from mid-August through
late October (Figure V-6). Juveniles were generally scarce in areas >40 ft
(12.2 m) deep, except for a slight increase near the end of October. Bottom
trawl catches alao increased slightly near the end of October. 'These deenﬂ
strata increases coincided with a sharp and continuous decline in juvenile

abundance in the shore zone (Figure V- 6), suggestlng that juvenile strlped bass

began mov1ng to the deeper areas of the river in late October-early November.

Table V-19

Distribution [Mean Density (No./1000 m3)] of Juvenile Striped Bass,
White Perch, Atlantic Tomcod, and American Shad in Each of Four
Lateral Strata Sampled by Night Epibenthic Sled, Hudson River
Estuary [RM 14-76 (KM 22-122)], August-December 1974

. Stratum ;- B Comparison of Mean Rank
. . ) Mean Den51ty No. /1000 m3 Differences among Strata¥**:
' ’ : - River Depth o ) :
Species* West Shoal(W) East Shoal(E) DAt ~ DBt

Striped 1.88 2.40 1.85  0.14 DB DA E W
Bass ' : S - —
White = ..  2.58 . 3,92 491 .1.07 . - DB, W DA E
Perch ' ——ee
Atlantic  3.31 1.56 12.01 23.19 E W DA DB
- Tomcod . o o B _
American 2,41 1.81 3.48 1.07 DB E W DA
Shad | o : ' :

*Mean for 17 time blocks (19 Aug-12 ﬁec) used for all species except American
shad in which two time blocks were eliminated because of zero catches.

**Listed in order of increasing mean rank (left to right). Any two strata’
within a species not underscored by the same contlnuous line are 51gn1f1cantly

different at & = 0.05.
tDA = river depth >20 ft'(6.1im)~bht_§ﬁ0 ft (12.2 m).

+4+DB = river depth >40 ft (12.2 m). - .
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Table V-20

Distribution (Catch per Unit Effort) of Juvenile Striped Bass,
White Perch, Atlantic Tomcod, and American Shad in Each of Four
Lateral Strata Sampled by Day Bottom Trawl, Hudson River

[RM 24-61 (KM 38-98)], July-December 1974

~ Stratum )
Mean Catch per Unit Effort o I '  q
’ ’ . ~ River Depth ' Céhparison of Mean Rank
Species  West Shoal(W) East Shoal(E) DA** DBt Differences among Strata%,
Striped . 0,11 0.19 0.17  0.07 ~ E W-DA DB. .
Bass ) _ ¢
White 2.94 5,090 7.36 2,82 " E W DA DB
Perch ] ‘ . L ——
Atlantic 1.97 13.16 58.21 31.32. E W DA DB
Tomcod . ' : T e———
American '3.65 14.55 2.22 2.95 DA DB W E

Shad ) L ) : : . —

*Listed in order of increasing mean rank (left to right). Any two strata within -
a species not underscored by same continuous line are significantly different
at a = 0.05.

#%DA = river depth >20 ft (6.1 m) <40 ft (12.2 m).
tDB = river depth >40 ft (12.2).

Epibenthic sled catches generally decl}ned from early Novemberltd
early December except in the west shoal where they fluctuated around deﬁsitieS"
ranging from about 2 to 4/1000 m3; in early December, abundance in all strata
decreased sharply (Figure V-6).. After 1 October, juvenile striﬁed‘bass were
concentrated in the lower river regions, particularly in the Yonkers, Tappan
Zee, and Croton-Haverstraw regions in mid- to late November (subsection C).
Juvenile movements from the shore zone to deeper areas in eariy November, as
suggested by Figure V-6, would result in relativeiy high juvenile denéities - v .,
in the extensive west shoal areas of the three lower river regions, partic—

ularly south of Croton Point [RM 34 (KM 54)]5

Length-frequency distributions of juvenile striped bass in beach
seines, bottom traﬁls, and-epibenthic sleds (Appendix Tables A-85 thfough
A-88) in the various strata were similar. This observation lends support to
the assumption that the lateral distribution patterns were not biased by

differential gear avoidance.
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CATCH PER
"UNIT EFFORT

DENSITY (No./1000 m3)

BOTTOM TRAWL
- e > R 12°61 (K4 19-58))]

_ CATCH PER UNIT EFFORT

) o 100~-FT. BEACH S_EINE.A _
(WE‘ST AND EAST SHORE ZONES "COMBINED)
[RM 12-152 (KM 19-243)].

S T A OO Y SN TN S (A TN S S TN N U G S
' P ’ EPIBENTHIC SLED .

[RM 34-76. (KM 54-122)]

1 ! 1 } 1 1 1 1
21 2815 11 18 25013 9 17 23 31 18 13 20 26 | & 11 22
AUG SEP ocT NGV DEC
O———— West shoal NC = no catch .
O East shoal NS = no samples taken

b —-—=>20 <40 ft deep
o——>40 ft deep

Figure V-6. Catches of Juvenile Striped Bass in Epibenthic Sled,
100-Ft (30.5-m) Beach Seine, and Bottom Trawl,
Hudson River Estuary, August-December 1974
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2) White Perch

Juvenile white pérbh were distributed rather uniformly iﬁ shoal and
shallow channel [<40-ft (12.2—m)]'areas (Tables V-19 and V-20), with signifi—'f
cantly lower densities in the deep channel [>40—ft.(12.2;m)] areas (in epiben—
thic sled catches) than in the east shoal and shallow chénnel [>20-ft (6.l—m)]

- <40-ft (12.2-m)] areas (Table V-19). Bottom trawl catchés of juveﬁiles were

similar in all strata (Table V-20).

Juvenile white pepch apparently moved into deeper water earlier
than juvenile striped bass. Beach seine catches began to decline in late
August, fluctuated irregularly until early November, and then drépped-to_near'
zero (Figure V-7). Concomitant with the gradual decline in beach_seiﬁe catches,
epibenthic sled and bottom trawl catches increased, particularly after 1 Octo-
ber. Juﬁenile abundance in the moderately deep areas of the ;iver [>20 ft -
(6.1 m) 240 ft (12.2‘m)] remained high, at least until ﬁid—December &hen.epi—
benthic sled and bottom trawl sampling ceased. Juvenile numbers in bottom
trawl and epibenthic sled samples taken in the east shoal declined in- late
Novembef-early December., Epibenthic sled catches of juvenile whife_perch also
decreased in the west shoal in early December, but bottom trawl catches in the

west shoal remained high at least until sampling ceased in mid-December.

Length-frequency distributions of juvenile white perch in beach
seines, bottom trawls, and epibenthic sleds (Appendix Tables A-89 through
A—92) in the various strata were similar. This observation lends support.to'
the conclusion that the abundance represented lateral distribution patterns

unbiased by differential size-selective gear avoidance.
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3) Atlantic Tomcod

Juvenile'Atlantic tomcod were qonceﬁtrated near the bottom in. the
deeper [>20~ft (6.1-m)] areas of the river (Tables V-19 and V-20). Abundance
in the east and west shoals was much lower. Also, there were no differences
in abundance in the >20-ft (6.1-m) 240-ft (12.2-m) and >40-ft (6.2-m) depth
strata. However, the shoal strata had lower densities than did the two chan-
nel strata [>20 ft (6.1 m) deep] in epibenthic sled catches; shoal densities
were significanfly lower than the >20-ft (6.1-m) $40-ft (12.2-m) stratum in
bottom trawl catches. Juvenile abundance in the shore zone was always very

low but increased somewhat in May and June (TI, 1975a) and then declined.

‘Juvenile tomcod were most abundant in areas deeper than 20 ft (6.1 m)
(Figure V-8). Catches were low in the shoals and shore zone. In the deeper
areas of the river, abundance from August through mid-December was highest in
August, declined through October (because of mortality, movement out of the
sampling area, or gear avoidance), increased somewhat in mid- to late November,
and then declined through mid—December when sampling ceased. Juvenile tomcod
numbers in both the east and west shoals fluctuated irregularly in epibenthic
sled samples but 1ncreased sharply during early December in bottom trawl sam-—
ples. This early December increase may have been due to the onset of adult
spawning movements -into the shoal areas since most Atlantic tomcod spawn dur-
ing their first year of life in the Hudson River (TI, 1975b). Spawning tom-
cod first appeared in box traps set in the shore zone in mid-December 1974

(subsection C).

Length-frequéhcy distributions of Atlantic tomcod juveniles in beach
seines, bottom trawls, and epibenthic sleds (Appendix Tables A-93 through A-96)
in the various lateral strata were similar. This observation lends support to
the conclusion that these abundances represent lateral distribution patterns

unbiased by differential size-selection gear avoidance.

.4) American Shad

Juvenile American shad were uniformly distributed in the shoal and
channel areas of the river, although the lateral distribution patterns dif-
fered somewhat in the epibenthic sled and bottom trawl catches. Juvenile den-
sities in sled samples were significantly higher in the >20-ft (6. l—m) 240-ft
(12.2-m) stratum than in the east shoal and >40-ft (12f2—m) stratum (Table V-19).
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Juvenile catches in bottom trawls were significantly higher in the east shoal
stratum than in the <20 ft (6. l—-m), 220-ft" “(6. l-m) 240-ft (12. 2—m), and >40-ft

: (12 2—m) strata (Table V- 20) Abundances in east and west shoals were s:l.mllar.
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Figure V-8. Distribution of Juvenile Atlantic Tomcod in Epibenthic Sled,
100~Ft (30.5-m) Beach Seine, and Bottom Trawl Hudson River
Estuary, August-December 1974

V=49 services group.



Juvenile shad were abundant in the shore zone until mid—détober (Fig-
ure V-9). Abundance in thé shoal and the >20-ft (6.1-m) <40-ft (12.2Fm) and
>40-ft (12.2¥m) strata increased in mid-October, indicating that the juveniles
had begun to move to deep water in mid- to lafe October. Trends in beach seine
catches (subsection C) also suggested a gradual downstream movement of juvenile
shad in late Octdbér and early November; they apparently moved downstream through
all strata, élthough tﬁey were least abundant in'the >40-ft (12.2-m) stratum.
Seaward migration accelerated in early to mid-November, and catches decreased

sharply in all strata.

Length-frequency distributions of juvenile shad in beach seines; bot-
tom trawls, and epibenthic sleds (Appendix Tables A-97 through A-100) in the
various strata were similar until early November; after that period, juvenile
shad captured in day'and night beach seines tended to be smaller than indivi-
duals taken in the epibenthicvsleds and bottom trawls. The larger juveniles
were either leaﬁing the beach areas or escaping the seines. However, with re--
gard to the offshore lateral stfata, the abundance data represented distribution
patterns in the shoél and >20-ft (6.l—m5 £40-ft (12.2-m) and >40-ft (12.2-m)

strata unbiased by differential-size selective gear avoidance.

d. Nearfield Vicinity of Indian Point (NYU), 1973 and 1974, and
Nearfield Vicinity of Lovett, Bowline, and Roseton-Danskammer
(LMS), 1974 i

1) Striped Bass, Indian Point

a) Eggs

Striped bass egg densities were generally greater in the midwater
and bottom strata in the vicinity of Indian Point based on day and night sam-
ples combined, particularly in 1974 (Table V-21). When averaged over the
three depth stréta; day-vs-night densities were similar. Station densities

at Indian Point were not significantly different (Table V-21).
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V-9. Abundance of Juvenile American Shad in Epibenthic Sled,

100-Ft (30.5-m) Beach Seine, and Bottom Trawl, Hudson
River Estuary, August-December 1974
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Table V-21

Results of -Nonparametric Analysis of Variance of Nearfield Tramsect
Data [Mean Density (No./lQOO m3 by Strata)] for Striped Bass Eggs
Collected by NYU at Indian Point, 1973 and 1974%

1973%%* 1974%%
Comparisons of Mean Rank " Comparisons of Mean Rank
Stratum Effect p ‘Value® Differences among Stratatt p Valuet Differences among Stratatt
§ Depth >0.25 (0.10) *kk >0.25 (0.001) . S M B
& Day/night 0.16 (>0.25) ok >0.25 (0.06) T
Station >0.25 ok 1 >0.25 xxx
Depth x = . ' . .
day/night 0.17 (>0.25) : - >0.25 (0.13) : -
Depth x
o station 0.17 : >0.25 -
3
Ee]
9 Station x _ : :
o] day/night 0.20 - 0.21 ) -
t:l . .
-
Station x
depth x .
day/night >0.25 - 0.18 - -

*Samples collected with 0.5-m mouth diameter plankton net.
*%1973 - 29 May, 11 Jun; 1974 - 14 May, 28 May, 4 Jun.
**%No significant differences (a = 0.05).

“tProbability (p) value in parentheses represenﬁs level of significance of strata differences when
compared acrqss all stations combined.

ttListed in order of increasing mean rank (left to right). Any two strata not underscored by same
continuous line are significantly different at o = 0.05. :
S = surface, M = midwater, B = bottom.

b) Yolk Sac Larvae

Striped bass yolk-sac larvae were concentrated in the midwater and
bottom strata at Indian Point in day and night samples combined (Table V-22).
Densities were similar at ail Indian Point stations. This trend was not_sup—
ported by the 1974 data. The depth-x-station interaction was significant in
1973 (p <0.05), suggesting that yolk-sac larvae were uniformly distributed

from surface to bottom at station R2 (Table V-22).
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Table V-22

Results of Nonparametric Analy31s of Variance of Nearfield Transect
Data [Mean Density (No./1000 m3 by Strata)] for Strlped Bass Yolk-Sac
Larvae Collected by NYU at Indian Point, 1973 and 1974* '

1973%* 1974%%
o ' Comparisons of Mean Rank Comparisons of Mean Rank
Stratum Effect p Valuet Differences ‘among Stratatt p Valuet Differences among Stratatt
Depth 0.05 (0.001)- S M B - 0.05 (0.001) S M
o ’ ' A - 2
E Day/night 0.08 (0.25) *ik >0.25 (>0.25) *hk
Station 0.11 - Kk >0.25 *kk
Depth x 70.09 (0:11) - >0.25 (>0.25)
day/night
g : ) .
T Depth x 0.03 , RL R2 R3 R4 |»>0.25 : -
5}
g  station s 0.14 0.6 0.1 0
3 M 0.5 1.0 0.4 0.4
5 B 0.7 1.0 2.3 6.4
Station x 0.08 : f- : 0.17 -
day/night
Station x 0.08 - 0.12 -
depth x
day/night

*R1l through R4 and A through G are NYU sampling stations (see.Appeﬁdix B for locations).
collected with 0.5-m mouth diameter plankton net. .

*%1973 - 29 May and 11, 19 Jun; 1974 - 14 28 May and ﬁ Jun,
0.05).

Samples

**%No significant dlfferences (o =

tProbability (p)
compared across

value in parentheses represents level of slgnlflcant of strata diffetences when
all stations combined.

t+tListed 'in order
continuous line
S = surface, M =

of increasing mean rank. (left ‘to right).
are significantly different at a = 0.05.
midwater, B = bottom.’

#Mean density (No./1000 m3).

Any two strata not-underscored by same

c)

Post Yolk-Sac Larvae

Densities of striped bass post yolk-sa¢ larvae were higher in the
midwater and bottom strata at Indian Point in day and night samples combined
(Table V-23). When averaged ‘over all depths, day-vs-night densities were not

significantly'differént'(at o = 0.05). The depth-x-day/night "interaction

effect suggested that post yolk-sac larvae in the daytime were either con-
centrating in the deeper areas or avoiding the sampling gear in the surface
waters.

At night, post yolk-sac larvae apparently dispersed thrbughout the

water column.
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Table V-23

Results of Nonparametric Analysis of Variance of Nearfield Transect
Data [Mean Density (No./1000 m3 by Strata)] for Striped Bass Post -
Yolk-Sac Larvae Collected by NYU at Indian Point, 1973 and 1974%

1973%% 1974%%
Comparisons Comparisons
Stratum Effect p Valuet across Stratatt p Valuet across Stratatt
Depth 0.02 (0.001) S M B 0.07 (0.07) *kk
o .
= Day/night (0.07) *kk >0.25 (0.24) *kx
=
Station 0.18 ) kkk 0.03 G HE_C__B_'A*
Depth x 0.12 (0.01) D N 0.03 (0.001) D
day/night s 0.2t 16.5 s 0.1 24,7
M 38.9 25.8 M 23.0 16.6
B 35.6 28.9 B 26.2 16.5
« Depth x 0.05 Rl R2 R3 R4 >0.25 -
S
§  station s 9.2 7.4 6.3 10.2
9 M 24.4 51.6 25.7 27.7
u B 1l4.6 26.3 37.4 50.6
g
Station x >0.25 - 0.23 -
day/night
Station x 0.02 - 0.01 . =
" depth x
day/night

*R1 through R4 and A through G are NYU sampling stations (see Appendix B for locationms). iSamples
collected with 0.5-m mouth diameter plankton net.

*%1973 - 11, 19, 26 June and 3, 10 Jul; 1974 - 28 May and 4, 11, 18, 25 Jun.

*%*No significant'differencés (e =0.05).

+Probability (p) value in parentheses represents level of significance of strata differences when
compared across all stations combined.

S =

surface, M = midwater, B =

bottom, D = day, N = night.

++Listed in order of increasing mean rank (left to right).
continuous line are significantly different at (a =

#Mean density (No./1000 m3).

0.05).

Any two strata not underscored by same

Station densities were similar in 1973; in 1974, however, the two

upstream stations (A and B) had higher densities of post yolk-sac larvae than

did the most downstream channel station (G).

larvae at the other stations sampled in 1974 were similar.

Densities of post yolk-sac

Depth distribu-

tions of post yolk-sac larvae differed among the various stations in 1973 but

not in 1974.
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2) Striped Bass — Bowline, Lovett, Roseton-Danskammer

a) 'Eggs,
Eggs in transect samples collected by LMS at Bowline and Lovett in
1974 were not identified,dseparated% or,enumerated} At Roseton-Danskammer,

striped bass eggs were collected in insufficient numbers for . analysis.

b) Larﬁae

Striped bass larvae in transect samples collected by LMS in 1974 were
not separated into the yolk-sac and post yolk—sac stages. Larval dlstrlbutlons
were therefore less defined in the nearfield areas of the Bowline, Lovett, and
Roseton-Danskammer power plants, but some general trends were suggested. At
Bowline, overall depth, day/night, and station densities were similarﬁamong the
strata (Table V—24).. The depth-x-day/night dinteractions suggested that striped
bass larvae were concentrated.near the bottom during the day but were in great-
est numbers in the surface waters at night. At Indian Point, larvae dlspersed
rather uniformly throughout the water column at night (Tables V-22 and V=23).
This strong shift to the surface stratum at night could have been explained

partially by greater gear avoidance in the surface waters during the day. At

Lovett (Table V- 25), overall depth, day/night, and station dens1t1es were sim-

ilar among the strata but the station-x- day/nlght 1nteract10n suggested that

larvae were more abundant during the night at the two shoal stations (LW and

LE). At the channel station (LCH) the reverse‘situation occurred — greater

densities in the daytlme

Densities of striped bass larvae at Roseton-Danskammer (Table V-26)
were higher at night than during the day. Densities in the surface, midwater,
and bottom strata were similar. Station densities were not significantly

different.
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Table V—24

Results of Nonparametric Ana1y51s of Variance of Nearfleld Transect
Data [Mean Density (No./1000 m3 by Strata)] for Striped Bass Larvae
Collected by IMS at Bowline, 1974%

Stations BW and BCH

(Surface, Midwater, and Bottom)

-Stations BW, BCH, and BEX*
(Surface and Bottom)

Comparisons Comparisons
Stratum Effect p Value® across Strata P Value*_ across Strata'?
Depth >0.25 (>0.25) *kk >0.25 (>0.25) *hk
e ' : : »
w Day/night >0.25 (>0.25) *kk >0.25 (0.25) ok
-~
Station >0,25 kkk >0.25 o owxx
Depth x - 0.06 "(0.02) D N 0.08 (0.006) - D N
day/night ' S 12.3% 229.1 .8 12,7 - 175.2
’ M 53.4 90.0 B ~ 88.5  70.1
. B 105.9 76:1
‘S Depth x >0.25 - >0,25 S -
g ' station
N . .
g Station x >0.25 - >0,25 -
= day/night » l : . -
Station x 30,25 - 0.22 ’ -

depth x
day/night

*See Appendix B for locations of IMS sampling stations

Hensen plankton net.

*kStation BE sampled only in surface and bottom strata.

**%No significant differences (a = 0.05).

Sampling dates:

Samples collected with 1. O—m mouth diameter

22 May; 5, 19, Jun; 2 Jul.

tProbability (p) value in parentheses represents level of signiflcance of strata differences when

compared across all statlons combined.
S = surface, M = midwater,

$Mean density (No./10003).

= bottom, D = day, N = night.
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- Table' V-25

Results of.Nonﬁarametflc Anaiyéls dquarlance of Nearfield Trénsect
Data [Mean Density (No./1000- m3 by Strata)] for Striped Bass Larvae
Collected by LMS at Lovett, 1974%

Stratum Effect p value®* Comparisons across Strata
Depth- >0.25 (>0.25) ¥R
s
’g Day/night >0.25 (>0.25) . $%
Station >0.25 *E
Depth x >0,25 (>0.25) _
day/night ‘
Depth x ‘;0.25 -
o station
s .
0 Station x 0.06 E LW LCH LEt
9 day/night ‘ .
g y/nig D  84.5% 105.3  57.5
F N ,‘184.5 71.9 145.4
‘Station x >0.25 -
"depth x ‘
day/night

*Samples collected with 1.0-m mouth diameter Hensen plankton nets.
Dates: 14, 28, May; 11, 25 Jun; 9 Jul.

*%Probability value (p) in parentheses represents level of sig-
nificance of strata differences when compared across all stations

combined.

*%*No significant differences (a = 0. 05).

tLW, LCH, and LE are LMS sampllng stations (see Appendix B for

locatlons

= day, N = night.

~ tMean density (No./1000>m3);

~ V=57

services group



Table V-26

Results of Nonparametric Analysis of:  Variance of Nearfield Transect

Data [Mean Density (No /1000 m3 by Strata)] for Striped Bass. Larvae
Collected by LMS at Roseton—Danskammer, 1974%

. ) Comparisons .
Stratum Effect p Value®* across Strata’
. ..Depth 1 20.25 *¥¥
=] .
_E Day/night 0.02 (0.02) - D N
<y
Station 0.11 *¥¥
Depth x >0.25 (>0.25) =
day/night o
Depth x >0.25 -
station
o
5]
- Station x
§ day/night 0.08 - -
)
pu]
[
H
Station x 0.05 -
depth x
~day/night

*Sampling dates: 7, 21 May; 4, 18 Jun; 2, 16 Jul

. (see Appendix B for IMS sampling stations). Sur-
face and midwater samples collected with 1.0-m
mouth diameter Hensen plankton net; bottom sam-—
ples with epibenthic sled.

**Probability value (p) in parentheses represents
. level of significance of strata differences when
compared across all stations combined.

***No 51gn1flcant differences (a = 0.05).

tListed in order of increasing mean rank (left to

right).. Any two strata not underscored by same

. continuous line are significantly different at
= 0.05.

3) White Perch, Indian Point

a) Eggs

White perch eggs were not collected in sufficient numbers during

1973 and 1974 at the Indian Point transect to warrant analysis of distribution

patterns.
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b) Yolk-Sac Larvae

When samples were averaged over day and night and compared across all
seven sampling stations combined (Table V—27), white peréh yolk-sac larvae were
denser in the midwater and bottom strata than near the surface in the vicinity
of Indian Point:‘ Day—vs—night vertical distributions were similar. Densities

of yolk-sac larvae were also similar at all sampling stations.

Table V-27

Results of Nonparametric Analysis of Variance of Nearfield Transect
Data [Mean Density (No./1000 m3 by Strata)] for White Perch Yolk-Sac
Larvae Collected by NYU at Indian Point, 1974%

, - Comparisons
Stratum Effect p Value** : across Stratal
, Depth | 0.14 (0.001). S8 M__B
E Day/night >0.25 (>0.25) X
Station C >0.25 _ ¥x%
‘Depth x >0.25 (>0.25) -
day/night
§ Depth x - 0.14 =
™ station '
3
5 Station x >0.25 —
= day/night ‘
a Station x >0.25 -
depth x
day/night

*Yolk-sac larvae collections in 1973 insufficient to validly test.
Samples collected with 0.5-m mouth diameter plankton net. Sam-
pllng dates: 11, 18 Jun (see Appendix B for sampllng stations).

#*Probability value (p) in parentheses represents level of signif-
icance of strata differences when compared across all stations
comblned

***%No significant differences (a = 0.05).

+Llsted in order of 1ncre3311g mean rank (left to rlght) Any
two strata not underscored by same continuous line are 51gn1—
ficantly different at o = 0.05.
S = surface, M = midwater, B = bottom.
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¢) Post Yolk-Sac Larvae

Whlte perch post yolk—sac larvae were concentrated near the bottom
of all stations in the v1c1n1ty of Indian Point (Table V—28) ‘The depth—x—_
day/nlght interaction suggested that the larvae were most abundant in the .
midwater and bottom strata during the day but dlspersed upward at n1ght in
1973. However, this pattern was not evident in 1974. Densities were greater . ‘
during the daytime in 1973, but this trend did not appear in the 1974 data;
Densities averaged over 511 depths for day and night were similar at all sta-

tions during 1973 and(l974.

\G_z‘-‘

Table V-28

Results of Nonparametric Analysis of Variance of Nearfield Transect
Data [Mean Density .(No. /1000 m3 by Strata)] for White Perch Post
Yolk-Sac Larvae Collected by NYU at Indian Point, 1973 and 1974%

1973%% ' 1974%%
Comparisons across Comparisons acrdss
Stratum Effect p Valuet Stratatt p Valuet Strata®t
~ Depth 0.02 (0.003) S B M 0.01 (0.001) - S M B
& - — : i -
E Day/night 0.08 (0.03) N-D 0.11 (0.06) T
Station 0.25 EX 33 >0.25 *kk
Depth x 0.02 (0.001) D N
day/night S 1.3f 4.4 50.25 (50.25) -
M 12.1 5.8
B 8.7 5.9
g
(=}
T’Dth . .:
5] ep b3 - -
g station >0.25 0.17
@
‘é . .
= Station x >0.25 >0.25 s
day/night - . - "
Station x . 0.04 RN - . 0.01 ’ -
depth x )
day/night ci

*Samples collected with 0.5-m mouth diameter plankton net. See Appendix B for sampling
locations.

*%1973 - 29 May; 11, 19 26 Jun; 3 Jul 1974 - 28 May; 4, 11, 18, 25 Jun; 2 Jul.
*%*No significant differences (o = 0.05).

tProbability value (p) in parentheses represents level of significance of strata dif-
ferences when compared across all stations combined.

**Listed in order of increasing mean rank (left to right) Any two strata not under-
scored by same continuous line are significantly different at a = 0.05.
S = surface, M = midwater, B = bottom, D = day, N = night. -

fMean density (No./1000 m ).
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4) White Perch — Bowline, Lovett; Roseton-Danskammer

‘a) Eggs N
Eggs in transect sampleé‘coliected'by LMS at Bowline and Lovett in

1974 were not identified, separated, or enumerated. At'Roseton—Danskammer,

white perch eggs were collected in insufficient numbers for analysis.
b) Larvae

White perch larvae in transect samples collected by LMS in 1974 were
not separated into the yélk—sac and post yolk-sac stages; hence, whiﬁe perch
larvalAdistributions were less defined in the nearfield areas of the Bowline,
Lovett, and Roseton-Danskammer power plants. Densities at Bowline were simi-
lar at the three depths (surface, midwater, and bottom) and at two sampling
stations (BW and BCH) in day and night samples combined (Table V-29). Densi-
ties were significantly greater during the daytime at stations BW and BCH. At
Roseton-Danskammer and LoVett, no differences between any strata were detected

at the a = 0.05 level (Tables V-30 and V-31).

Table V=29

Results of Nonparametric Analysis of Variance of Nearfield Transect Data [Mean Density
(No. /1000 m3 by Strata)] for White Perch'Larvae Collected by LMS,at'BQWline, 1974%

Stations BW and BCH Stations BW, BCH, and BE**
(Surface, Midwater, and Bottom) (Surface and Bottom)
Stratum - Comparisons across |. Comparisons across
Effect p Value* Stratatt p Valuet Stratatt
Depth . >0.25 (>0.25) : Kk >0.25 (>0.25) *xx
o
-
& Day/night >0.25 (0.03) N D >0.25 (>0.25 wrx
Station >0.25 *x¥ >0.25 *¥x
Depth x day/night| >0.25 (>0.25) - >0.25 (0.17) -
g Depth x station >0.25 - 0.08 -
::
9
@
5
g Station . >0.25 - >0.25 -
- x day/night
Station x depth >0.25 - >0,25 -
x day/night

*Samples collected with 1.0-m mouth diameter Hensen plankton net, Sampling dates:
22 May; 5, 19 Jun; 2 Jul (see Appendix B for sampling locations).

**Station BE sampled only in surface and bottom strata.
***No significant differences (a = 0.05).

tProbability (p) value in parentheses represents level of significance of strata
differences when compared across all stations combined.

ttListed in order of inereasing mean rank (left to right). Any two strata not under-
scored by same continuous line are significantly different'at a = 0.05.
S = surface, M = midwater, B = bottom, N = night, D = day.

V-61 ) services group



Table V-30

Results of Nonparametric Analysis of Variance of Nearfield Transect
Data [Mean Density (No./1000 m3 by Strata)] for White Perch Larvae
Collected by LMS at Lovett, 1974%

Stratum Effect p Value** Comparisons across Strata

a Depth >0.25 (>0.25) xxx

-

£ Dpay/night >0.25 (0.08) FEF
Station 0.11 ¥

o Depth x day/night >0.25 (0.17) -

&

)

Q

o

M

@

L)

5 Depth x station >0.25 -

Station 0.13 . -
x day/night

Station x depth >0.25 -
~ x day/night

*Samples collected with 1.0-m mouth diameter Hemsen plankton net.
Sampling dates: 28 May; 11, 25 Jun; 9 Jul (see Appendix B for
sampling locations).

**Probability value (p) in parentheses represents level of signif-
jcance of strata differences when compared across all stations
combined.

*k#No significant differences at a = 6.05.

Table V-31

Results of Nonparametric Analysis of Variance of Nearfield Transect
Data [Mean Density (No./1000 m3 by Strata)] for White Perch Larvae
Collected by LMS at Roseton-Danskammer, 1974%

Stratum Effect p Valuek* Comparisons across Strata
Depth >0,25 (0.10) *¥y

g . -

E Day/night >0.25 (>0.25) *¥x
Station >0.25 rA¥
Depth x day/night 0.07 (>0.25) -

§

7 Depth x station >0.25 -

5 . .

8 station x day/night >0.25 -

-]

e

Station x depth >0,25 -
x day/night

*Samples collected with 1.0-m mouth diameter Hensen plankton net.
Sampling dates: 4, 18 Jun; 2, 16, 30 Jul; 13 Aug (see Appendix
B for sampling locations). )
*%probability (p) value in parentheses represents level of signif-
icance of strata differences when compared across all stations
combined.

***No significant differences at ¢ = 0.05.
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5) Atlantic Tomcod, Indian Point-

There were not enough Atlantic tomcod of any life stage at the
Indian Point transect during 1973 and 1974 with which to analyze distribution

patterns.

6) Atlantic Tomcod — .Bowline, Lovett, and Roseton-Danskammer

a) Eggs

Eggs in transect samples collected by LMS at Bowline and Lovett in
1974 were not identified, separated, or enumerated. At Roseton-Danskammer.

there were too few Atlantic tomcod eggs .to permit analysis.

b) Larvae

Atlantic tomcod larvae were collected by LMS only at the Roseton-
Danskammer transect in 1974, and they were not separated into the yolk-sac
and post yolk-sac stages. No differences between any strata were detected at

the a = 0.05 level (Table V-32).

Table V—32_

Results of Nonparametric Analysis of Variance of Nearfield Transect
Data [Mean Density (No./1000 m3 by Strata)] for Atlantic Tomcod
Larvae Collected by LMS at Roseton-Danskammer, 1974%

Comparisons .
Stratum Effect p Value** across Strata’
Depth >0.25 (>0.25) Fkk
©
o Day/night >0.25 (>0.25) hekek
=
Station 0.10 ek
Depth x >0.25 (>0.25) -
day/night
» Depth x >0.25 -
£ station
3
4 Station x >0.25 -
o day/night
@
& Station x >0.25 -
Ll depth x
day/night

*Samples collected with 1.0-m mouth diameter Hensen plankton net.
Sampling dates: 11, 28 Mar; 10 Apr (see Appendix B for sampling
locations).

**Probability (p) value in parentheses represents level of signif-~
icance of strata differences when compared across all stations
combined.

*%%No significant differences at a = 0.05.

V-63 services group



SFo

c¢) Juveniles

Juvenile Atlantic tomcod were collected only at the Bowline and
Lovetf transects during 1974. Juvenile densities at Bowline (Table V-33)
were greater in the deeper strata at ali stations, day and night. There
were more juveniles at the channel station (BCH) than on the side of the
river opposite the plant site (BE). The depth-x~station interaction sup-
ported the overall observation that there are more juvenile tomcod in the

bottom strata, particularly at the channel station (BCH).

Table V-33

Results of Nonparametric Analysis of Variance of Nearfield Transect
Data [Mean Density (No./1000 m3 by Strata)] for Atlantic Tomcod
Juveniles Collected by LMS at Bowline, 1974%

Stations BW and BCH Stations BW, BCH, and BE**
(Surface, Midwater, and Bottom) (Surface and Bottom)
Stratum Comparisons across Comparisons across
Effect p Value Stratat p Value Stratat
Depth 0.02 S M B 0.03 . S B
5
&  Day/night >0,25 *kk >0.25 ko
Station 0.17 Kk
0.04 BE BW BCH
Depth x day/night >0.25 - >0.25 -
Depth x station 0.05 BW BCH 0.06 -
S 2.1 0
g M 1.4 7.9
° B 12.6 43.6
8
u Station 0.14 - ) >0.25 -
= x day/night
~
Station x depth 0.10 - 0.06 -
x day/night

*Samples collected with 1.0-m mouth diameter Hensen plankton net.
Sampling dates: 22 May; 5, 19 Jun; 2, 18 Jul.

*%Station BE sampled only in surface and bottom strata.
BW, BCH, and BE are IMS sampling stations (see Appendix
B for locations).
S = surface, M = midwater, B = bottom

**%*No significant differences at a = 0.05.

+Listed in order of increasing mean rank (left to right).
Any two strata not underscored by same continuous line
are significantly different at o = 0.05.
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At Lovett (Table V-34) also, juveniles were denser near the bottom
at all stations, day and night. Day/night and station differences in juve-

nile tomcod density were not significant at a = 0.05.

Table V~34

Results of Nonparametric Analysis of Variance of Nearfield Transect
Data [Mean Density (No./1000 m3 by Strata)] for Atlantic Tomcod
Juveniles Collected by IMS at Lovett, 1974%

Comparisons

Stratum Effect p Value** across Strata

o Depth 0.10 (0.002) S M B

'g Day/night >0.25 (>0.25) *xx
Station 0.10 *kk
Depth x - 0.15 (>0.25) -
day/night

g Depth x o 0.12 » -

e station

=

8]

«

1%

o

b .

5 Station x >0.25 -
day/night
Station x >0.25 ’ -
depth x '
day/night

*Samples collected with 1.0-m mouth diameter Hensen plankton net.
Sampling dates: 25 Jun; 9, 23 Jul.

**Probability (p) value in parentheses represents level of signif-
icance of strata differences when compared across all stations
combined.

***No significant differences at o = 0.05.

tListed in order of increasing mean rank (left to right). Any
two strata not underscored by same continuous line are different
at a = 0.05.

8 = surface, M = midwater, B = bottom.

4. Summary

The general patterns or trends in the vertical, lateral, diel, and
tidal distribution of the various life stages of striped bass, white perch,
American shad, and Atlantic tomcod in the Hudson River during 1974 are sum-

marized in the following paragraphs.
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a., Striped Bass

Eggs were concentrated in midwater and bottom areas of the river

520 ft (6.1 m) deep, day and night. Eggs were similarly distributed in the

nearfield vicinity of Indian Point.

Yolk-sac larvae were concentrated in the midwater and bottom areas
of the rivef >20 ft (6.1 m) deep during the day but were dispérsed thrbugh-
out the water column at night. Post yolk-sac larvae were present in the
shoal and >20-ft (6.1-m) dgpth areas of the river, suggesting a shoalward
movement during this life stage. Post ydlk—sac larvae were concentrated
near the bottom during the day but were dispersed throughout the water

column at night.

Distribution patterns for -larvae in the nearfield vicinity of
Indian Point were generally similar to those just described. Larval dis-
tribution patterns at Bowline, Lovett, and Roseton-Danskammer were incon-

clusive.

Juveniles wére abundant near the bottom in areas >20 ft (6.1 m)
deep until mid-August when most had moved into the shoals and shore zome.
Juveniles first appeared in the shore zone in late June and remained rela-
tively abundant there until early November when they moved into the deeper
waters.  Juveniles were more abundant at night in. the shore zone, regardless

of tidal stage.

b. White Perch

Eggs_were'concentrated near the bottom, primarily in the east

shoal, west shoal, and areas >20 ft (6.1 m) deep.

Yolk-sac larvae exhibited a relatively uniform distribution through-
out the water column, day and night, although a trend toward low densities
in surface water during the day was suggested. Post yolk-sac larvae were
more abundant in the areas of the river >20 ft (6.1 m) deep than in the
shoals and were uniformly distributed from surface to bottom during day

and night.
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Larval distribution patterns in the nearfield vicinity of Indian
Point differed somewhat from those just described. Yolk-sac larvae were
denser in midwater and bottom strata day and night. ~Post yolk-sac larvae’
“were also concentrated in deep water during the:day but were more dispersed
through the water column at night. Larval distribution patterns at Bowline,

Lovett, and Roseton~Danskammer were inconclusive.

Juveniles were abundant in all strata of the river except the
deepest [>40 ft (12.2 m) deep]. They first appeared in the shore zone in
early July and were relatively abundant there until late August when they
began to move to deeper water. Offshore movements accelerated in early
November. Juveniles were more abundant in the shore zone at night, regard-

less of tidal stage.

c. Atlantic Tomcod

Juveniles were concentrated on the bottom in areas of the river
>20 ft (6.1 m) deep and in the west shoal through mid-August and then were
concentrated primarily in afeas >20 ft (6.1 m) deep until spawning beganvin'
mid-December; at that time, they entered the shoals and shore zone. Juve=-
niles were never abuﬁdant.in the shore zone, day of night, during spring,

summer, and fall.

The limited data on larval and juvenile distributions at Bowline,
Lovett, and Roseton-Danskammer gave results generally similar to the pat-

terns exhibited by the juveniles.

d. American Shad

Day and night, eggs were concentrated near the bottom in areas

of the river >20 ft (6.1 m) deep.

Yolk-sac larvae were concentrated in midwater and bottom areas
of the river >20 ft (6.1 m) deep during the day but were dispersed through-
out the water column at night. Post yolk-sac larvae were most abundant in
areas >20 ft (6.1 m) deep and were uniformly distributed from surface to
bottom during day and night. Some post yolk-sac larvae were collected in

the shoals.
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Juveniles were abundant in the shore zone, shoals, and the mid-
water and bottom strata of the >204ft (6.1-m) deep areas through October,
and then catches declined sharply as the juveniles left the river. There
were no obvious movements from shore zone to channel prior to the downstream
migration. Juveniles were more abundant during the day in the shore zone,

regardless of tidal stage. -

E. LONGITUDINAL DISTRIBUTION AND ABUNDANCE IN RELATION TO PHYSICOCHEMICAL
VARTABLES

1. Objective

This subsection examines the relationship between life stage
distribution of striped bass, white perch, Atlantic tomcod, and American
shad and selected physicochemical variables (temperature, conductivity,
and dissolved‘oxygen) during 1974. The assessment of the vulnerability of
the four species to plant-induced mortality also considered these relation-

ships. This subsection's position in the overall organization of Section

-V is illustrated below:
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2. Methods

Water temperature, cdndﬁctivity; and dissolved oxygen weré measured
concurrently (same depth, site, and time) with Tucker trawl, epibenthic sled,
bottom ;féwl, and beach seine sampling from Apfii_through December 1974,

‘ Longitudinal distriBution plots (appfbximately weekly) of these three watef
quality variables in the Hudson River from RM 14 (KM 22) to RM 140 (KM 224)

are presented in Appendix Figures A-73 and A-74,

Catch data for each life stage of each species collected by each
of the three gear were combined across sampling periods‘for the following

time intervals:

Mid-April Eggs, larvae, early

through juveniles in shoals

Mid-August and channel by Tucker

: ) trawl and epibenthic
sled

Mid-June - Juveniles in shore

through zone by beach seine

Mid-December

Mid-June Juveniies in shoals
through and channel by epi-

Mid-December benthic sled and
’ bottom trawl

The actual periods during which given life stages were collected
are discussed in subsection C and in Appendix A. The catch"data-ﬁere grouped
with the corresponding water quality variables, separated by life stage and
gear, and plotted to determine the general associations between life stage -

abundance and water quality variables.

3. Results and Discussion

The associations between the life stage abundances and the selected
water quality variables are specific for eggs and larvae, which have limited
life stage durations. The juvenile life stage, however, is defined to last

until the end of the calendar year in which hatching occurred. Hence, the

)
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associations between juvenile abundance and the water quality variables re-

present a prellmlnary examlnatlon of these complex ecological relationships.

The discussion of ‘each species is limited to a description of the
general association patterns of abundance with temﬁerature, conductivity, and
dissolved oxygen. Specific details are‘preSented in Appendix'Figures A-48
and A-72. ’

a. Striped Bass

Water temperature and conductivity (an index of salinity) strongly
influenced stfiped bass spawning activity in the Hudson River estuary during
1974. Spawning occurred almost exclusively in fresh water over a wide range
of temperatures (10-23°C), but most eggs were collected wifhin the rather
narrow temperature range of 15-19°C (Appendix Figure A-48). Talbot (1966)
also reported that striped bass generally spawn within the first 25 mi
(40 km) of fresh water and that there is little or no spawning in brackish
water. Peak spawning of striped bass in the Sacramento-San Joaquin estuary,
California, occurred at temperatures of 15-19°C (Talbot, 1966; Albrecht, 1964).
Mansueti and Hollis (1963) reported that striped bass in Chesapeake Bay tri-

butaries spawned at 18.3°C.

Hudson Rivér sfripéd bass. yolk-sac and post yolk-sac larvae de—
veloped primarily in fresh water or in slightly brackish water having rela-
tively high dissolved oxygen concentrations (>6.5 mg/litéf) during 1974
(Appendix Figures A~49 and A-50). The majority of development to the juve;
nile stage (approximately 14 mm in total length as defined by TI, 1975a) was
completed before water temperatures increased to 23°C in late Julyb(Appendix
Figures A-51 through A-54 and A-73). A relatively small'portion of the egg
and larval population was subjected to low dissolved oxygen concentratlons
(<3.5 mg/liter) in late May (Appendix Figures A-48 through A—SO ‘and A—74)
These low dissolved oxygen levels between RM 50 (KM 80) and RM 90 (KM 144)
may have been related to the removal of a Niagara-Mohawk dam near Fort Edward,
New York, during the winter of 1973-74 (Joe Miakicz, NMPC, personal communi-

cation) ‘and a downstream influx of organic detrifus. The effects of these
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low levels on the 1974 year class are unknown; however, survival of "exposed

eggs and larvae might have been reduced.

Dlssolved oxygen levels below 4.0 mg/liter may be lethal ‘to striped
bass eggs (Talbot, 1966) Doroshev (1970) reported high mortality of striped
bass larvae (10 12 mm) when dissolved oxygen concentrations were 1.65 mg/liter
(19°C); exposure time was not given. Doroshev also suggested that eggs have a

81m11ar tolerance for low dissolved oxygen concentrations.

Juvenile striped bass began to move gradually 1nto the shoals and
shore zone in early to mid-July (TI, 1975a, and subsectlons C and D) as
water temperatures increased to approximately 25 C. As water temperatures
dropped below 17°C in late October (Appendix Figure A-73), juvenile abun-
dance in the shore zone declined but bottom trawl catches 1ncreased (Appendlx
Figures A-53 and A—54) This suggested that the juveniles were moving 1nto_
deeper water. At temperatures below 4°C, juvenile striped bass were absent
in all gear, suggesting that they had migrated out of the river or had moved

to deep areas of the river inaccessible to the sampling gear.

Any assoc1ations between juvenile abundance and conductivity Were
not readily apparent. Early Juvenlles were collected in 1chthyoplankton gear
in either fresh or only sllghtly brackish water (Appendix Figure A-51). By
early September, Juveniles had gradually shifted their distribution to the ‘
lower river regions (TI, 1975a) where conductivities are relatively high and
food organisms presumably more abundant (Massman, 1963). These lower river
regions also have extensive shoal areas, so any conductivity preference by
juvenile striped bass was inextricably confounded with possible phy51cal
habitat preference. However, the general pattern was a downriver movement
into areas of relatively high conductivities (Appendix Figures A—52 and A-53).
Juvenile striped bass did not apparently move both upstream and downstream
during the summer and fall in order to remain in or near the salt front

[freshﬁater/brackish—water interface (defined as 0.3 mmho/cm, or 0.1 o[oo)].

No relationships between juvenile abundance and dissolved oxygen

were suggested (Appendix Figures A-51 through A- 54)
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b. White Perch

White perch spawning activity did not appear to be strongly related
to temperature or-conductivity: eggs were collected over a wide range of
temperatures‘(l2—25°C), and deposition apparentlv.teaked at temperatures of
14-21°C (Appendix Figure A-55). Most eggs were collected in freeh or slightly
brackish water (0-2.5 mmho/cm), but some spawning activity was evident at

conduct1v1t1es to 8.5 mmho/cm.

Mansueti (1961, 1964) reported that white perch spawned in tidal
fresh and:slightly brackish water of the Chesapeake Bay region when water
temperatures were between 10 and 15°C. White pereh sbawning activity in
freshwater trlbutarles was reported for populations from the Delaware River
(Wallace, 1971) and from the James and York Rivers of Virginia (St. Pierre
and Davis, 1972). Therpotential role of tributary streams to the Hudson

River as spawning areas for white perch has not been investigated.

The abundance of white perch yolk-sac and poet yolk—sac’larvae :
peaked at water temperatures between 15 and 23°C, primarily in fresh or only
sightly brackish (<4.5 mmho/cm) water (Appendix Figures A-56 and A-57). A
small portlon of the eggs and larvae was exposed to a perlod of low dlssolved
oxygen concentratlons (<4 mg/l1ter) durlng the last week in May. Such con-
ditions would llkely reduce the surv1val of the exposed eggs and larvae. The
largest standing crops of eggs and larvae, however, occurred in June (T1,
‘1975a) when dlssolved oxygen concentrations were >6 mg/llter throughout the

river (Appendlx Figure A-74).

After transformation from the post yolk-sac larvae stage in mid
to late July, juvenile white perch began to gradually move into the shore
zone (TI, 1975a) when water temperatures reached 25-27°C (Appendix Figure
A-73). - Juveniles remained in the shore zone through August and then began'
to move offshore again in mid-September (subsection D) as water temperatures
decreased to 20-21°C (Appendix Figure A-73). This movement to shoal areas
accelerated in early November (subsection D) as water temperatures dropped
below lS°C. Beach seine catches declined rapidly atltemperatures below 12°C
(Appendix Figure A-61), whereas epibenthic sled catches in deeper water in-

creased to a peak at temperatures of 7-10°C and then began to decline (Appendix
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Figure A-59), However, bottom trawl catches (often even in deeper water) were
highest at temperatures of 2-5°C (Appendix Figﬁre A-60), suggesting that juve-
nile white perch moved to the deepest areas of the channel when water tempera-
tures féll below 6-7°C. Temperéture is an important factor in determining the

depth distribution of juvenile white perch.

Longitudinal distribution of juvenile white perch appeared to be
related to salinity. Catches were highest in all gear in fresh or slightly’
brackish (8.5 mmho/cm) water (Appendix Figures A-58 through A-61). Peak
abundances were associated with conductivities representative of the salt
front (i.e., the freshwater/saltwater interface, defined as 0.3 mmho/cm).

In 1974, juvenile white perch in the shore zone were widely distributed
throughout the estuary until mid-October (subsection C and TI, 1975a); they
then moved offshore and downriver and remained in the area of the salt front.
Other indications of white perch movements in association with fhe salt front
have been discussed by Texas Instruments (1975f). White perch impingement
rates during winter at the Indian Point power plant are also aséociated with
sa1t<intrusions into the area; impingeﬁents peak immediately before and/or

just after the salt front passes the plant intakes (TI, 1975d).

Dissolved oxygen concentrations had no apparent influence on juve-

nile white perch distribution (Appendix Figures A-58 through A-61).

c. Atlantic Tomcod

Because tomcod are winter spawners and sampling was limited during
the winters of 1973-74 and 1974-75, little can be said about the relation-
ships between tomcod spawning activity, egg or larval distribution, and water
quality in the Hudson River. However, box trap catch data (December 1974-
March 1975) suggested that tomcod spawn mostly in fresh or slightly brackish
water rather than in the more highly saline areas in the lower river (Figure
V-22 and Appendix Figure A-31). Spawning presumably took place when water

~

temperatures were below 5°C (TI, 1975a, and subsection C).

Water temperature, conductivity, and possibly dissolved oxygen
appeared to be important water quality factors influencing juvenile tomcod

distribution. Juveniles were the only life stage collected during the first
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complete ichthyoplankton river run (29 April-4 May) when water temperatures
Weré 11-13°C (Appendix Figures A-69 through A-72), suggesting that trans—
formation from post yolk-sac larvae to juveniles occurred below 11°C. Juve—‘
nile catches in epibenthic sleds remained consistently high as water tempera-
tures increased to 23°C (Appendix Figures A~-69 and A-70), indicatiﬁg thét
some juvenile tomcod may have migrated out of the river during May and June

but that many also remained throughout the year.

Most of the 1974 year class of tomcod were spawned between RM 39
(KM 62) and RM 61 (KM 98) and some perhaps as far upstream as RM 106 (KM 170)
in 1973-74 (subsection C). Most were concentrated downriver in areas where
conductivities ranged from 0.4 to 30.5 mmho/cm during the following spring,
summer, and fall. Epibenthic sled and Tucker trawl catches per tow (mid-April
through mid-August) each showed two peaks: one at a conductivity range of ab-'
proximately 0.3-8.5 mmho/cm and another at a conductivity range of approximately
14.5-24.5 mmho/cm (Appendix Figure A-69). Epibenthic sled catches in the fall
and early winter (mid—August through mid-December) also showed two abundance
peaks related to conductivity: one at 0.2-6.5 mmho/cm and a larger one at 16.5~
20.5 mmho/cm (Appendix Figure A-70). Bottom trawl catches per tow (mid-April
through mid-December) were highest around a single, narrow conductivity range of
6.5-8.5 mmho/cm (Appendix Figure A-/1). Beach seine catch per haul showed a single
peak over a broader conductivity range of 6.5-41.5 mmho/cm (Appendix Figure A-72).

Juvenile tomcod clearly prefer brackish areas. The bimodal distri-
bution of juveniles in areas around the salt front and in areas of relatively high
salinities, however, is difficult to interpret. This question was briefly discus-
sed in a previous report (TI, 1975f) in which maximum weekly juvenile tomcod catches
in ichthyoplankton samples in 5- rlver—mlle intervals [RM 11-140 (KM 17-224)] were
plotted against the longitudinal weekly distribution of conductivity. These plots
indicated two separate peaks of juvenile abundance: one which moved in association

with the salt front, and another which tended to remain in areas of relatively high

salinity.
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There were no clear relationships between juvenile tomcod abundance
and dissolved oxygen concentrations Most of the catches in epibenthic sleds
and Tucker trawls were taken over a 'dissolved oxygen range of 2.5-6.0 mg/llter
(Appendix Figure A-69). Bottom trawl catches peaked at slightly higher levels,
7.5-9.0 mg/liter (Appendix Figure A-71).

The Atlantic tomcod is primarily a northeast Atlantic coastal species
preferring cooler waters (Bigelow and Schroeder, 1953). Therefore, it is
likely that the warm summer temperatures in the Hudson could potentially
stress juvenile tomcnd, particularly if dissolved oxygen levels were low dur-

ing the summer.

d. American Shad

Water temperature and cbnductivity were the primary water quality
factors influencing American shad spawning activity in the Hudson River. Shad

spawned in the strictly freshWater, upstream regions 6f the river (subsection

C) when water temperatures ranged from 10 to 24°C (Appendix Figure A-62). Egg

deposition peaked at temperatures of 11-18°C, although the catch was bimodally

distributed. There was an initial spawning peak at 11-14°C and a second peak
at 16-18°C.. '

It has been reported that the peak in shad spawning migrations of
Atlantic Coast populations is closely correlated with a narrow range of water

temperatures, 13-18°C (Leggett and Whitney, 1972). Most shad enter their

'spawning rivers when water temperatures are between 10 and 15°C. Most egg

deposition occurred between 12 and 20°C in the St. Johns River, Florida
(Walburg, 1960), between 12 and 20§C in the Shubenacadie River, Nova Scotia
(Leim, 1924), and between 16 and 20°C in the Connecticut River (Marcy, 1969,
1972, 1976). Optimum temperatures for snad egg and larval development under
laboratory conditions ranges from 15.5 to 26.5°C (Leim, 1924; Bradford et al,
1968); therefore, those shad eggs spawned later in the spawning period may

have a higher probability of survival than those from an early spawn.

Shad larvae in the Hudson River developed primarily in freshwater

areas, but some post yolk-sac larvae were collected in slightly brackish
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waters (Appendix Figures A-63 and A-64).. Eggs and larvae were usually col~
lected in areas of relatively high dissolved oxygen concentrations (>6.0 mg/
liter); but a small portion pf the 1974 egg and larval population was exposed
to low oxygen levels (<4 mg/liter) during the last week of May (Appendix
Figures A-62 through A-64). Most larvae had transformed to the juvenile stage
in early July (see subsection B for developmental criteria) by the time water

temperatures had reached 24°C (Appendix Figures A-64 through A-68 and Af73)ﬂ

Juvenile shad began to move into the shore zone following trans-
formation and remained abundant there, as well as in the shoal areas, through
early October (subsections C and D). As water temperatures decreased to 15°C
in late October (Appendix Figure A-73), catches by all gear decreased rapidly
(Appendix Figures A—66vthrough A-68), suggesting that the juveniles were mi-
grating out of the river. Similar downstream movements of juvenile shad
were previously reported in o;her Atlantic Coast estuaries (Sykes and Lehman,
1957; Chittenden, 1969; and Hildebrand, 1963).- By mid-November when water .
temperatures in the Hudson ranged from 12 to 14°C (Appendix Figure A-73), juve-
nile shad were essentially absent in beach seine samples (Appendix Figure A-68)
and were rapidly decreasing in epibenthic sled and bottom trawl samples (Appen-
dix Figures A-66 and A-67). Almost all juvenile shad had left the river by

late November as water temperatures dropped below 10°C (Appendix Figure A-73).

There were no obvious relationships between juvenile shad distri—‘
bution and conductivity or dissolved oxygen levels'(Appendix Figures A-65
through A-68). Juveniles were rather widely distributed throughout the river

until late October and then moved directly out of the river during November

(subsection C).

4, Summary

The general patterns or trends in the life stage distribution of
striped bass, white perch, Atlantic tomcod, and American shad with respect to
temperéture, conductivity, and dissolved oxygen in the Hudson River during

1974 are summarized in the following paragraphs.
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a. Striped Bass

Peak egg deposition occurred 1n freshwater areas when water tem-
peratures ranged from 15 to 19° C Larvae developed in fresh to sllghtly
'brackish water, transformlng 1nto juveniles before water temperatures had
reached 23° C A small portion of the eggs and larvae were exposed to dis-

solved oxygen levels below 3.5 mg/llter in late May 1974

Juveniles moved to the shoals and shore zone as water temperatures
1ncreased to 20° C and then left the shore zone as temperatures dropped below
17°cC. Juven1les moved 1nto the lower river reglons in early September, but

no movements in association with movements of the salt front were noted.

b. White Perch

Peak egg deposition occurred in freshwater and slightly brackish
areas when water temperatures ranged from 14 to 21°C. Larvae developed-in
fresh and slightly brackish water, transforming into juveniles before water
temperaturesbhad reached 23°C. A small portioo of the eggs and larvae ‘were

exposed to dissolved_oxygen levels below 3.5 mg/liter in late May 1974.

Juveniles were widely distributed throughout the river until mid—

October when they moved offshore and downriver to the area of the”salt froot.

c. -Atlantic Tomcod

Spawnlng occurred 1n fresh to sllghtly bracklsh water when water
temperatures were below 5° C - Larvae developed in fresh to brackish water,

transformlng 1nto Juven1les before water temperatures had reached 11°C.

Juvenile distributi%ns were associated generally with the salt froht
and may have been bimodal. ' One peak occurred in relatlvely hlgh sallne areas
and the second at the salt front. Juvenlles were most abundant in the bottom

areas where dissolved oxygen levels ranged from 2.5 to 9.0 mg/liter.
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d. American Shad

Peak egg deposition occurred in fresh water when water temperatures
ranged from 11 to 18°C. Early larvae developed in-fresh water, Bﬁt some lété
larvae were collected in slightly brackish areas. Transformation into juve-
niles occurred before water temperatures had reached 24°C. A small portion of
the eggs and larvae wefe exposed to dissolved oxygen ievels below 3.5 mg/liter

in late May 1974.

Juveniles began to move to the shoals and shore zone as watervtem—
peratures increased to 24°C, but they began to leave the river wheﬁ tempera-~
tures decreased to 15°C. Juveniles were widely distributed throughoutAfhe
river until late October when they began to migrate seaward. Their distri-

bution showed no association with the salt front.

F. MOVEMENT OF MARKED FISH

1. Objective

Recoveries of individual striped bass, white’perch,‘and'Atlantic
tomcod marked in the Hudson River estuary during the 1974-75 mark/recapture
-prograﬁ (Section II1) were analyzed to discern trends in their movements. -
This analysis was similar to that conducted for the 1973-74 program (TI,

(19753). Hence, data from the two successive annual programs are comparable.

Mark recovefiés of the three species were examined on a'temporal
and spatial basis for indications of predictable movement patterns'that would
influence their‘vﬁlnerability to impingement at the vafious power ﬁlaﬁts on
the Hudson River. If movements are indeed predictable,. the distribution of

these fish species and their various age groups also could be predicted sea-

sonally with respect to potential vulnerability to impingement at power plants.

This subsection's position in the overall organization of Section

V is illustrated in the following diagram:
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2. Methods

Five marking areas were established for the 1974-75 mark/recapture
program (Figure V-10): :

i

, RM 12-23 (KM 19-37)
, RM 24-38 (KM 38-61)

Area 1
2

Area 3, RM 39-46 (KM 62-74)
4
5

.Aréa
‘Area 4, RM 47-61 (KM 75-98)

.Area 5, RM 62-153 (KM 99-245)

Areas 1 and 2 combinéd fepfesentéd‘the Area 1 of the 1973-74 program (TI,
1975a); this area was divided to allow clearer definition of movements of
marked individuals found in the region [RM 12-23 (KM 19-37)] well below the
salt front and individuals found within the region [RM 24-38 (KM 38-61)] of
frequently varying salinity. The boundaries of the marking areas also gene-
rally conformed to the boundaries delineating areas of comparatively uniform

" morphology, e.g., the wide shallow Haverstraw Bay vs the deeper channel
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TROY DAM, RM 154 (KM 246)

COXSACKIE, RM 125 (KM 200)
SAUGERTIES, RM 103 (KM 165)
KINGSTON, RM 92 (KM 147)

HYDE PARK, RM 82 (KM 131)

MARLBORO, RM 69 (KM 110)

CORNWALL, RM 57 (KM 91)

CROTON RM 35 (KM 56

BATTERY, RM O

Figure V-10. Five Marking Areas of.Mark/Recapture Program,.
August 1974-June 1975 o

=
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between Indian Point and Cornwall. The marki%gfareas were derived from com-

binations of the 12 geographical river fegions.(Table v-2).

Data recorded from the release and subsequent recapture of tagged
white perch and Atlantic tomcod included sites of release and recapture,
direction of'movement; time at large, total length at time of release and re-
capture, and rate (mile per day) of movement; The effect of éeason on dis-
tance and direction of movement of taggéd ﬁhite‘perch was analyzed using tag
return data divided into three subsets: tags released and recaptured froﬁ
16 September throﬁgh‘Bl Decembef 1974; tags released and recaptured from 1
January through 31 May 1975; and tags released and recaptured during June
1975. Recapturé data that overlapped these periods were excluded. Trends'

observed during these periods were compared to trends observed during iden-

‘tical time periods of the 1973-74 mark/recapture program.

Because the marking of Atlantic tomcod was not initiated until the

spawning season (December-February), a temporal pattern was examined by di-

Viding recapture data into intervals roughly corresponding to prespawning
(Decgmber).and spawning-postspawning (January-June). In the first interval,
Decehbef 1974 tag releases were followed through thgir December 1974 and
January 1975 recapture. In the second interval, tomcod recaptures during
January-June 1975 Qere observed for individuals tagged during January and
February 1975, alung with the delayed recapture of tomcod tagged in December
1974.

Recaptures of fin-clipped fish did not provide specific data on
movement of individuals as did the tag recaptures; however, movements between

marking areas could be'observed. ‘Movements of fin-clipped juvenile white

.perch and striped bass through June 1975 were analyzed for fish marked from

August-November (fall) 1974 and April-June (spring) 1975. Movement trends

observed were compared with similar data from the 1973-74 mark/recapture

- program. Recaptures of fin-clipped tomcod were analyzed in a similar manner

for the December 1974-February 1975 program. Comparable data for fin-clipped
tomcod were not available from the 1973-74 program (TI, 1975a).
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3. Results and Discussion
a, -Fin-Clipped Striped Bass

Striped bass Juvenlles marked and recaptured durlng the fall (August—
November) moved across boundaries of the first three marking areas (Flgure v-11)
including the Yonkers-Indian Point geographical regions [RM 12-46 (KM 19-74)1,
upstream and downstream. Fish marked in the Indian Point reglon [RM 39- 46 (kM
62-74) ] moved downrlver to ‘the Tappan Zee region [RM 24 33 (KM 38- 53)] FlSh
from the Yonkers region [RM 12-23 (KM 19-~37)] moved uprlver as far as the
Croton-Haverstraw and Indian Point regions. No recaptured juvenileistriped
bass marked in area 4 [RM 47-61 (KM 75-98)] moved outside this area, nor did
fall recaptures yleld any juveniles marked in area 5 [RM 62-152 (KM 99 243)]

Interregional mixing was more complete by the follow1ng winter and
spring (January—June) Fish-marked in the Yonkers region were recaptured as
far upriver as the Indian Point region and vice versa. A fin-clipped strlped
bass marked in uppermost Area 5 [above RM 62 (KM 99)] was recaptured in the
Tappan Zee region [RM 24-33 (KM 38-53)]. No fish marked in the fall were
caught ‘above RM 47 (KM 75) during winter and spring. ‘

The few striped bass fin-clipped and recaptured as yearlings during
April-June (spring) 1975 showed little movement (Figure V-12). However, most
were marked near the end of this time interval, allowing little time for
extensive movement. One fish marked in Area 5 was recaptured in the Tappan

Zee region.’

Compared with the fall 1973 program (TI, 1975a), a greater pro-
portion of the marked striped bass were released below the West Point region
during fall 1974. Trends in recaptures were similar for the two programs.
There were no recaptures above the West Point region, primarily because of -
the greater concentration of juvenile striped bass below rather than above .

this region during both years.

Young—of—rhe year striped bass apparently use most of the mid-

Hudson River as a fall nursery, with the area between RM 12 (KM 19} and RM
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46 (KM 74) well within the range of movement for individual fish. Because
movements were observed to be bidirectional, the hypothesis of continuous
downriver aisplacement of the entire population during fall and early winter
seems inéccﬁrate. There is evidence that ﬁany young striped bass leave the
Hudson River during their first year (Volume ITT, Lower Estuary Study) but
that some of the population remains in tﬁe‘river to ovetﬁinter; in fact, by
.the following‘spring, many have traversed the distance from the Yonkers re-
gion [RM 12—23 (KM 19-37)] upriver to the Indian Point région [RM 39-46 (KM
62-74)]. The result of this bidirectional movement would be a longer period
of exposure to impingement — particularly at Boﬁline, vaett, and Indian

Point — for that portion of the population remaining in the river.

b. Fin-Clipped White Perch

Marked ju&enile white perch moved considerable distances in both
directions during the fall (August-December) 1974 (FiguréAV—lB). An indivi-
fin-clipped in marking area 5 above the Newburgh—Beacon Bridge [RM 61 (KM 98)]
was recaptured in the Indian Point region [RM 39-46 (XM 62-74)]. Individuals
from the Indién Point region were found within the Tappan Zee [RM 24-33 (KM
38-53)] aﬂd*Croton—Haverstraw [RM 34-38 (KM 55-61)] regions. In turn, some
fish from. these latter two regions had traveled upriver to the Indian Point
‘region. By the following winter and spring (January-June 1975), the dispersal
of fish marked in the fall had extended farther upriver and downriver, sug-
gesting an intermixing of the population within at least the lower half of

the estuary.

White petéh of the 1974 year claés marked as yeariings during April-
June (spring) 1975 moved into the Indian Point region from above and below
(Figure V-14). During this 3-month interval; two fish were able tb‘move at
least 16 mi from Yonkers to Indian Point. These data corroborate data from
the 1973-74 program (TI, 1975a) by indicating that movement of white pefch
during their first year is bidirectional and can_be quite extensive. Thus,
a portion of the population would be exposed to impingement as it moved into

the nearfield vicinity of the power plants.
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Much of the discussion concerning ju&enile striped bass is applicable
‘also to juvénile white perch. Movements are bidirectional and extensive,
allowing'a large period of exposure to impingementvat power plants. However,
unlike striped bass which are temporary residents of the river, young white
perch as permanent residents are subject to impingement for a much larger por-
tion of their life span. Higher levels of white perch impingement observed
at Indian Point during the winter may have been the result of the movements

into this region.

c. Tagged White Perch

Unlike the 1973-74 data (TI, 1975a), there was no clear separation
of active and sedentary periods for tagged white perch during 1974-75. Long-
range movements [hete defined as >5 mi (8 km)] were obéerved~during all three
time intervals studied: 16 September-December 1974; January-May 1975; and
June 1975. However, an examination of the movements during each of these
intervals revealed a pattern in the direction of long-range movements with

respect to the recapture sites.

Of all recaptures of tagged white perch (Appendix Table A-101),
nine were fish traveling >5 mi during September-December (Figure V-15); of
these nine recaptures, six were recaptured within the Indian Point region
(Table V-35). These recaptures may indicate movement to the deep water off
Indian Point for ovgfwintering, as postulated in previous reports on the
Hudson River (TI, 1974, i975a) and on other localities (ﬁigelow and Schroeder,
1953; Mansueti, 1961). |

Unlike the results of thé 1973-74 program (TI, 1975a) when move-
ments were primarily upriver, white perch tagged and recaptured during
January-May 1975 had moved great distances in both directions (Figure V-16).
Fish tagged in‘mgrking areas>2 through 5 had moved >5 mi, and their sites of
recapture (Téble V-35) ranged between RM 34 (KM 54) and RM 69 (KM 110). The
greatest distance traveled was 48 mi (77 km) in 8 days [RM 90-42 (KM 144-167)].
‘One tagged white perch was recaptured in Moodna Creek, RM 57 (KM 91), after
being released at RM 40 (KM 64).
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Figure V-15. Movement of Tagged White Perch during 16 September-
’ 31 December 1974

White perch showed a cbnsiderable amoﬁnt of movement during June
1975 (Figure V-17), but these results are not'directly comparable to theb
fish in the corresponding .time interval of the 1974 program, which also in-
cluded data from July through mid-September (TI, 1975a). June tag recaptures
probably included fish influenced by late spring spawning or foraging behavior
and thus do not typify the sedentary nature of thé population dﬁring summer ,
as was earlier postulated (TI, 1975a). Most of the fish undertaking long—‘
range movements during June 1975 were tagged in marking area 4 [RM 47-61 (KM
75-98)] and were recaptured near RM 42 (KM 67) in the vicinity of Indian Point
(Table V-35).
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Table V=35

D'dovements Greater than 5 Mi by White Perch Tagged and Recovered
within Three Time Intervals during 1974-75 Mark/Recapture Program

Time Release Recovery Recovery
Interval Tag No. Date River Mile Date River Mile Gear
16 Sep — 9-9624 Oct 3 34-East Oct 14 42-East Indian Point intake screens
Dec 1974 - 5-11413 18 66-West 22‘ 42-East Indian Point intake screens
, 29-21463 3 34-East 23 43-West Bottom trawl
5-10964 9 "~ 59-East Nov 13  37-West LMS river sampling —
bottom trawl
5-12253 Nov 8 36-West 24 20-West Epibenthic sled
5-12496 8 35-West 16 42-East . Indian Point intake screens
29-22423 Oct 1 23-Channel 20 31-West Epibénthic sled
5-12353 Nov 8 33-East Dec 30 42 -East Indian Point intake screens
29-27031 14 17-West 27 42 -East Indian Point intake screens
Jan — May 5-20186 May 19 54-East May 21 34-East Stone and Webster beach
1975 seine
5-22369 13 58-West 23 48-East 100-ft beach seine
5-18655 21 90-West 29 42-East Indian Point intake screens
5-18562 5 58-West 29 34-FEast 500-ft haul seine
9-28749 Apr 23 29-West 14 47-West 100-ft beach seine
9-33725 May 8 65-West 15 58-East 200-ft beach seine
9-30438 Apr 25 40-East 15 57-Moodna Sport fisherman
Creek
9-28437 17 40-West 15 58-FEast 200-ft beach seine
9-30602 28 34-FEast 29 69-East 100-ft beach seine
5-17204 30 57-West 29  66-West LMS river sampling —
bottom trawl
Jun 1975 5-21312 Jun 5 58-West Jun 9 42-FEast Indian Point intake screens
5-21901 5 34-FEast 13 42 -East Indian Point intake screens
5-21881 9 49-West 13 42-East Indian Point intake screens
- 5-21893- 9 49-West 15 42 - East Indian Point intake screens
5-23242 4 32-West 18 42-East Indian Point intake screens
9-38911 6 57-West 12 41-West Lovett intake screens
9-39256 12 57-West 15 42 -East Indian Point intake screens
9-36978 5 57-West 25 25-West Sport fisherman
9-42375 20 57-West 25 38-West Found dead
9-39662 9 57-West 26 27-West 100-ft beach seine
19-42797 19 57-West 23  42-East  Sport fisherman
9-39934 10 57-West 15 42-East Indian Point -intake screens
V-90 services group
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Figure V-16. Movement of Tagged White Perch during January-May 1975

Appendix Figures A-75 through A-88 are illustrations of the re-
capture sites of tagged fish that left their marking areas during September
1974-June 1975. Appendix Table A-101 also presents complete data on tag

recaptures of white perch during this period.

Tag recéptures of subadult and adult white perch indicated that
their movements may have been even more extensive than those of the young-
of-the-year. Previously postulated seasonal patterns of movement in the

Hudson River included an upriver spring migration .associated with spawning
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‘Figure V-17. Movement of Tagged White Perch during June 1975

in tributaries (TI, 1975a) and foraging on the spawn of other species, particu-

larly alewives (TI, 1973a).

An upriver movement was not clearly evident from

recaptures during spring 1975. However; all recaptures of fish traveling >5 mi

(8 KM) occurred between RM 34 (KM 54) and RM 69 (KM 110), an area fed by many

small tributary streams; one recapture was within a tributary, Moodna Creek

[RM 57 (KM 91)].

Downriver movement by adult and subadult white perch during fall

was assumed to be associated with overwintering (TI, 1975a). Fall 1974 data

vV-92
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showed both upriver and downriver movements, but most recaptures occurred
near Indian Point, a region generally considered to be overwintering grounds
and heavily sampled. These movements serve to mix the populations from

several regions and expose many moving fish to more than one power plant.

d. Tagged Atlantic Tomcod

Adult Atlantic tomcod tagged during December 1974 showed no consis-
tent directional pattern of movement through January 1975 (Figure V-18). Four
tomcod were recaptured as far as 15 mi (24 km) upriver from their sites of
release, and another five were recaptured 14 mi (22 km) downriver from their
release sites. An additional tomcod had moved 19 mi (30 km) downriver to
Bowline from its release site at Cornwall [RM 56 (KM 89)]. However, tomcod
tagged in January and February almost always moved downriver after their re-

lease (Figure V-19). By April 1975, after at least 90 days at large, tagged

tomcod were recaptured in the lower reaches of the Hudson River 33-54 mi

(53-86 km) downriver from the sites of release. Two were recaptured outside

" the river proper — one in upper New York Bay at Brooklyn and one at

Huckleberry Island in Long Island Sound (Figure V-20). Appendix Table A-102

presents complete data on tag recaptures of tomcod.

e. Fin-Clipped Atlantic Tomcod

Although fin-clip recaptures could not reveal movements as pre-
cisely as did tag recaptures (actual release sites of fin-clipped fish cannot
be pinpointed), fin-clipped tomcod that crossed boundaries of marking areas
did so in a pattern similar to that of tagged tomcod. Most recaptures out-
side the areas of release (Figure V-21) were tomcod that had moved downriver;
of those that moved upriver (19 from area 3 to area 4),_most were December
releases; January releases generally moved downfiver. Longer-range movements
of fin-clipped tomcod ﬁould not be observed because sampling for fin clips

had occurred only within a limited area (Section III, mark/recapture pro-

gram).

Atlantic tomcod, considered to be an inshore marine species

(Bigelow and Schroeder, 1953), utilized a region of the Hudson River just
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Figure V-18. Movement of Adult Atlantic Tomcod Tagged during
December 1974 (Excluding Tomcod Not Moving)

above the salt front for their winter spawning. Tomcod were readily col-
lected in box traps in the shoals and shore zone of the Hudson where spawn- v
ing occurred. In December 1974, marked tomcod were observed moving both

¢

upriver and downriver.
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Figure V-19. Movement of Adult Atlantic Tomcod Tagged during
January-February 1975 Including Post-January
Recaptures of Tomcod Tagged in December 1974

(Excluding Tomcod Not Moving)

The suitability of the habitat may be related to the salihity.

During 8 December 1974-18 January 1975, tomcod maintained a position just

above the salt front (defined as 0.1 O/oo salinity) as demonstrated by a

comparison of catch per hour in box traps and mean salinity (Figufe V—22).

An intrusion of the salt front during 22 December—il January appeared to shift

the peak distribution of tomcod upriver, and this shift may have been re-

sponsible for the observed upriver movement of some tomcod tagged in December
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Figure V-20. Recapture Sites of Tagged Atlantic Tomcod in
Lower Hudson River Estuary, 1975, with Release
and Recapture Dates ‘

(Figure V-18). Most of the tomcod sought a salinity of <0.1 ®/0o. The

same behavior by tomcod was observed during winter 1973-74 (Appendix B)

when peak distribution occurred in the Indian Point region. 1In December
1973 (TI, 1974) and January 1974 (TI, 1975d), the salt front remained below
the Indian Point region. This observed selection of areas in which salinity
was near or below 0.1 o/oo may be related to a behavioral adaptation for
successful fertii&zation of the eggs. Booth (1967) reported the sperm

of tomcod in the Connecticut River to be more motile at low salinities,

with maximum motility occurring between 1-2 O/oo and 13-14 0/00. However,
the preferred salinity observed in the Hudson River (<0.1 0/oo) was con-

siderably below Booth's minimum values of 1-2 °/oo.

After spawning, adult tomcod moved generally downriver, reaching

the mouth of the river and possibly the bays of'Long Island and the New
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York Bight by early or mid-summer. This movement removed most of the tomcod
from the area of the power plants. However, some adult tomcod were still
caught within the lower regioﬁs of the Hudson River during the summer (TI,

1975a).

4. Summary

The general patterns or trends in the movements'of marked striped

bass, white perch, and Atlantic tomcod in the Hudson River during 1973-74

and 1974-75 are summarized in the following paragraphs.

Juvenile striped bass, juvenile and older white perch, and adult
Atlantic tomcod made extensive, bidirectional movements which were inter-

pretable and predictable.

An unknown portion of the juvenile striped bass population over-
wintered in the lower river regions. White perch overwintered extensively

in the deep areas of the river off Indian Point.

Adult tomcod exhibited considerable b1d1rect10nal movements early
in the spawning period (December), presumably in search of suitable spawning
conditions, but moved downstream after spawning in January and February and

generally had left the river by June.

G. ASSESSMENT OF VULNERABILITY TO POWER PLANTS

This subsectlon addresses the relative vulnerablllty of strlped

-bass, wh1te perch, Atlantic tomcod, and American shad to mortality 1nduced

by power plants on the Hudson River estuary and how these four key fish

species compare with regard to thelr individual degree of vulnerability to
entrainment and impingement at all of the five power plants. This assess-—
ment of_vulnerebility integrates data and analyses presented in subsections
A through F of Section V and an earlier report (TI, 1975a). The following
diagram shows the position of this subsection in the overall organization

of Section V.
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The degree of vulnerability of the 1974 year classes of striped
bass, white perch, American shad, and Atlantic tomcod to all five power plants
(Bowline, Lovett, Indian Point, Roseton, and Danskammer_) differed among the

life stages within a species and among species.

All four species are vulnerable, but in diffefing degrees, to the
power plants. Striped bass appear to be most vulnerable to entrainment,
especially'the yolk-sac larvae at the two plants located farthest upstream —
Roseton and Danskammer. A large proportion of the population of white perch
eggs was exposed to power plants during 1974, particularly Bowline, Lovett,

and Indian Point, but their general adhesive and demersal characteristics
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should greatly reduce their vulnefability. Since no Atlantic tomcod eggs
or larvae were collected in 1974, their exposure to the five power plants
was impossible to assess. American shad'vulnerability is probably the lowest
of the four species since almost all of the eggs and larvae are concentrated

upstream from the five power plants.

The four species are more similar in their»vulnerabiliﬁy to impinge-
ment than in their vulnerability to entrainment. On the basis of exposure
time, white perch are most vulnerable to impingement; this is a resident
species and continues to be exposed to the plants for a much larger portion
of its life span than are the other species which are primarily anadromous
and migrate from the estuary as juveniles in their first year of life. White
perch also overwinter in the deep areas near Indian Point and Lovett and are
heavily impinged during the winter months. Striped bass are exposed to im-
pingement, especially at the downstream plants (Bowline, Lovett, and Indian
Point) during the late sﬁmmef and fall before they emigrate from the estuary.
The exposure of American shad to impingement is very similar to that of white
perch during the first calendar year of life, but since American shad leave
the estuary in late fall, their period of highest vulnerability occurs briefly
as they pass the plants on their seaward migration. Atlantic tomcod are ex-
posed to impingement during their first summer, but only at the downstream
plants. Their exposure increases during the winter spawning period, but the
proportion of the 1974 year class that returned to spawn during the winter of

1974-75 was unknown.

Overall, the degree of exposure to entrainment and impingement is
probably highest for white perch, followed by striped bass, Atlantic tomcod,

and American shad.

The period of entrainment vulnerability for the four species at
the five power plants is relatively restricted to spring and early summer,
primarily May and June. Vulnerability to impingement occurs throughout the

year, but peak periods occur in late summer and winter.
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SECTION VI
COMPENSATION

A. INTRODUCTION

A\

Any ability of Hudson River fish populations to compensate for mor-
tality (including that from entrainment and impingement) determines the long-
term impact of power plants on these populations. Compensatory processes are
density-dependent survival and growth processes which are inherent in fish pop-
ulations and counteractbthe effects of density-independent sources of mortality
such as entrainment and impingement. Density dependence refers to declining
rates of survival, growth, or reproduction with increasing density and often
caused by increased competition, predation, or canﬁibalism at higher densities.
Density-independent sources of mortality are those which do not change in rates
in response to changing density. The long-term results of density-dependent
population regulation in fish populations are often expressed as aéymptotic or
dome-shaped relationships between parental spawning stocks and the recruitment
to the fishery provided by their progeny, i.e., stock recruitment curves (Fig-
ure VI-1).

RECRUITMENT
RECRUITMENT

SPAWNING STOCK ; SPAWNING STOCK

A) ASYMPTOTIC (BEVERTON-HOLT) B) DOME-SHAPED (RICKER)
RELATIONSHIP RELATIONSHIP

Figure VI-1. Two Types of Stock Recruitment Relationships.
: (For discussions of the two forms, see Ricker, 1973)
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A previous report (TI, 1975a) examined potential stock recruitment re-
lationships based on commercial fishery catch and effort data for white perch
with 3-, 4-, and 5-year lags; for American shad with 4-, 5-, and 6-year lags;
and for striped bass with a 5-year lag. A stock recruitment relationship of
the Ricker type was inferred for the striped basé population of the Hudson
River (1931-72), sﬁggesting a strong compensatory"capability. The potential
relationship between density and growth rates for juvenilé (young-of-the-year)
striped bass and juvenile white pérch.was also examined. The grbwth rate of
juvehile striped bass was shown to be density-dependent; growth was faster dur-
ing years of low juvenile abundance. ' The most likely mechanisms of this ob--
served dénsity—dependent relationship are intraspecific combetition, or can-
nibalism. Sommani (1972) also found evidence of density-dependent population
regulation in a striped bass'popdlation'in California. There was no evidence
of compensation by white ﬁerch and American shad, but evidence of compensation
by white perch has been found by other investigators (Mansueti, 1961, in the

Patuxent estuary and Wallace, ‘1971, in the Delaware River).

- Additional data relative.to compensation in Hudson River striped bass
and American shad populations are examined in this section. The objectives are

to:

o Examine the previously developed stock recruitment
(parent-progeny) relationship in the Hudson River
striped bass population, based on commercial fishery
data collected through 1974

e Examine the relationship of adult abundance and juve-
nile striped bass and American shad abundance during
July-August 1965-74

B. COMMERCIAL FISHERY STOCK RECRUITMENT RELATIONSHIP
1. ijective

A previous report (TI, 1975a) noted a relationship between yield per
unit effort at time t and yield per effort 5 years later in the étriped bass
commercial fisherv data. Because the relationship was of the dome-shaped type
described by Ricker (1954, 1958, 1973, 1975), a stock recruitment relationship

of the Ricker type was inferred for the population of striped bass in the Hudson.
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Since publication of the previous report, 2 additional years of com-

mercial fishery data (1973 and 1974) have been provided to Texas Instruments

" by Fred Blossum, National Marine Fisheries Sérvice, NOAA, Patchogue, Long

Island, New York, and 5 yearé of commercial data previously missing (TI,
1975a) have been obtained from the New York State Department of Environmental
Conservation (DEC), permitting nine other data points to be plotted on the
stock recruitment curve for a total of 1l new points (TaBle VIi-1). This sec-
tion examines these additional data in light of the previously postulated

Ricker stock recruitment curve.

Table VI-1

Letter Codes for 11 New Data Points Added to Ricker Type
Stock Recruitment Curve for Hudson River Striped Bass
(Figure VI-2)

Data Point Stock Recruitment
Letter Code Years

1942-47
1947-52
1949-54
1950-55
1951-56
1954-59
1955-60
1956-61
1959-64
1968-73
1969-74

R IT OHOMMOO @

2. Methods

The 11 additional data points (see Section IV) were plotted on the

Ricker curve developed in a previous report (TI, 1975a).

3. Results and Discussion

With the addition of the 11 data points.to fhe previously developed
stock recruitment curve, a dome-shaped relationship, i.e., a Ricker curve,
still seemed appropriate (Figure VI-2). Of the two recent data points (1973
and 1974), one (1974) fell directly on the curve, but the 1973 (J) point was quite
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high. The 1973 yield-per-effort (Y/f) index of abundance may have been arti-
ficially high because of a possible underestimation of'fishing effort for .
spring 1973. This change in effort could have been precipitated by the rapidly
rising meat prices and the consequent increase in the demand for fish:as an al-
ternate source of protein (see Section IV.B);' Another potential explanation for
the high Y/f value in 1973 was the increased escapement which may have occurred

during .June 1972 because of poor fishing conditions resulting from Hurricane

Agnes. Those fish which escaped. capture in 1972 probably returned in: 1973 as’

much larger fish and may have increased the 1973 landings.

¢
The nine new points derived from the DEC data are distributed over the
entire curve (Figure VI-2). Points C and D (1949-54 and 1950-55 respectively)
do not follow the curve closely; however, DEC peréonnél and survey methods
changed during the late 1940s-early 1950s, and the commercial catch data may
have reflected these changes. The rest of the points fit the curve fairly well.
Data point E (1951-56) gives another value on the left-hand ascending limb of
the curve. '
5000 —
+(6)
— (F)e
£ *(2)
> a000}- .
2 )
E 3000 . .
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3 . D
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ADULT STOCK ABUNDANCE INDEX (Y/f at time t yr)

Figure VI-2. Relationship between Abundance of Adults (Stock) at t Year and

' Recruitment t + 5 Years Later Based on Commercial Fishery Catch
and Effort Data, 1931-74. (Letters in parentheses refer to new
data points added in this report and listed in Table VI-1)
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C. JUVENILE ABUNDANCE RELATIVE TO ADULT (STOCK) ABUNDANCE '
1. Objective

Anpther perspective of the relationship between sfock and recruitment
is obtained by comparing adult abundance over a number of years with the abun-
dance of juvenile (young-of-the-year) fiéh produced by those spawning stocks.
The basic¢ assumptions underlying such a comparison are that year-class strength
is established by the time juvénile abundance is measured and that the index of
adult abundance is a good index of eggvdeposition. If dénsity-dependent mor-
tality occurs subsequent to the measurement of juvenile abundance, then ef-
fective year-class strength (in terms of eventual contribution to the fishery
or to future generations) has not been established. Additionally, maﬁy years
of data over a wide range of spawning stock abundance should be available for

“valid conclusions. Only 9 years of comparable data were available for American
shad and striped bass.  Therefore, any conclusions are tentative. Because sim-
ilar data on white perch adult abundance were considered unreliable (TI, 1975a),

a parent-progeny rélationship for this species was not investigated.

2. Methods

_-Commercial yield-per-unit-effort data for striped bass and American
shad adults for 1965 through 1974 (including 1971) were compared with the
‘catch-per-unit-area index of juvenile abundance in July and.August of the

same year.

Some of the earlier surveys were concentrated in the Indian PointA
region. The 1969 and 1970 Raytheon studies and the 1972 TI study were the
most restricted (see Seétion IV-C). The broadest data base available was a
riverwide index,>including all sampling stations; it should reflect the abun-
danée of the entire river population, whereas those years with sampling re-
stricted to the Indian Point area may result in biased estimates. A ratio of
abundance in the total river to abundance at Indian Point standard stations in
July and August was derived for juvenile striped bass and American shad from
each yéar, 1973-1975, to compensate for this bias. The C/f values for striped
bass during those sampling programs restricted to the-Indian Point area (1969,
1970, and 1972) then were multiplied by the resulting ratio (0.37), the mean
value for thé ratios from 1973, 1974, and 1975; this adjustment made the 1969,

(
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1970, and 1972 values approximate those of riverwide surveys. Since the ratio
of standard station catches to riverwide catches of juvenile shad, 1973;75,

showed no clear direction (i.e., varied from <1.0 to >1.0), the abundance in-
‘dices for juvenile shad in 1969, 1970, and 1972 could not bé validly adjusted

and were used in the unadjusted form.

Any potentlal relationships between adult abundance during the sprlng
and the abundance of juveniles during the following July and August were in-

Vestlgated with linear regression and correlation techniques.

3. Results and Discussion

Adult abundance was not significantly (a = 0.05) related to early juve-
nile striped bass or American shad abundance. A nonsignificant positive re-
lationship (r = + 0.531, p = 0.737, df = 7) occurred between juvenile and adult
striped bass abundance. The relationship between juvenile and adult American
shad abundance was virtually nonexistent (r.= -0.011], p = 0.98, df = 7); con-
sequently, little can be said about the presence or absence of American shad

compensation.

The only direct evidence of density dependence which could emefge
from this type of data would be a rélatiohship of the Ricker type (dome-
shaped curve) between spéwner abundance and juvenile abundance or a relation-
shiﬁ of the Bevérton—Holt type (asymptotic curve) where juvenile abundance
initially increases at low levels of spawner abundance but subsequently levels
off at high levels of spawner abundance. Unfortunately, when one is dealing
with a small number of data points (nine in this case), the observéd range of
adult (stock) abundance is likely to cover only a small pdrtion of the poten- .
tial range of variation. Hence, if one finds a positive relatibnship betﬁeen
adult abundance and juvenile abundance, one cannot conclude that compensation
‘does not occur priof to the juvenile life stage. The §tock.may be either at
'such low levels that any increase in spawners yields an increase iﬁ juvenile
recruits or at levels where density-dependent mdrtality is affecting the slope
of the stock recruitment curve as it approaches an asymptote or point of in-
flection but the full shape of the curve may not be discernible. Additionally,
failure to find any relationship between spawning stock abundance and early
-juvenile abundance does not ﬁecessarily preclude density-dependent populétion

regulation, since this situation may be of the result of:
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e

e Data representing the asymptotic portion of a
Beverton-Holt stock recruitment curve at high
levels of spawner abundance

e Data from the tailing end of -a Ricker stock
recruitment curve at high levels of spawner
abundance

e Overriding density-independent factors (e.g.,
freshwater flow, temperature, etc.) obscuring
an underlying density-dependent relationship

e Density-dependent mortality subsequent to the
life stage at which recruitment is measured

o Lack of density-dependent population control

In general, when only small portions of the total range of stock size
variability are available for examination, the only positive indication of den-
éity dependence from this type of data would be a negative (inverse) relation-
ship between adult abundance and the abundance of juveniles or recruits at other
ages. In such a case, one can infer the presence of a Ricker (dome—shaped) stock

recruitment relationship.

D. SUMMARY

Evidence for compensation in the Hudson River striped bass population
presented in a previous report (TI, 1975a) demonstrated density-dependent growth
as juveniles. Also, the abundance of the stock appeared to be regulated in a
density-dependent manner following a Ricker type stock recruitment curve. There
was no evidence of compensation by white perch or American shad. Additional data
were examined for this report for evidence of compensation by striped bass and
American shad, but very little new information was added to that presented in
the earlier report (TI, 1975a). After adding 11 data points, a Ricker (dome-
shaped) stock recruitment curve still seemed appropriate for Hudson River striped
bass, indicating a strong compensatory capacity by this population. No signifi-
cant (o = 0.05) relationship between spawner abundance and the abundance of early
juveniles was detectable for either striped bass or American shad in 9 years of
data, but, as discussed in the text, this finding does not preclude the existence

of compensation in these. populations.
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The overall conclusions in this section of the report are essentially
the same as those reported previously (TI, 1975a), i.e., some evidence for the
presence of compensation in the Hudson River striped bass population but little

indication of compensation in the white perch or American shad populations.
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