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CHAPTER 1

INTRODUCTION

Since 1973, an annual report, referred to as a Year Class Report, has been
prepared for five utilities: Central Hudson Gas & Electric Corp., Consoli-
dated Edison Company of New York, Inc., New York Power Authority, Niagara
Mohawk Power Corp., and Orange and Rockland Utilities, Inc. The main purpose
of the reports was to present and analyze data on the distribution and abun-
dance of the early life stages of selected Hudson River fish species.

The first report, First Annual Multiplant Report (Texas Instruments Inc. [TI]
1975), summarized riverwide data collected to estimate the impact of five
electric generating stations on striped bass, white perch, and Atlantic tom-
cod. The multiplant effort was refined and renamed the Year Class Report in
1974 (TI 1977). Patterns of abundance and distribution of early 1ife stages
were examined in greater detail in the 1975 report, but impacts of piant oper-
ations were not estimated (TI 1978). The 1976 report (TI 1979) expanded the
focus to include ecological relationships of selected fish populations. In
the 1977 and 1978 reports (TI 1980a,b) the 1ife histories of selected species
were examined in the context of power plant effects. The 1978 report (TI
1980b) was expanded to include the life history and distributional information
on nine additional fish species. Data analysis for the 1979 report (TI 1981)
was also extended to include predictions of environmental impact based on fish
population age structure and age-specific survival. Further statistical anal-
ysis of biocharacteristics data available from 1973 to 1979 was included for
the three initial key species.

The Hudson River Settlement Agreement among the utilities, the U.S. Environ-
mental Protection Agency, and other interested parties was announced in 1980
and became effective in May 1981 (Sandler and Schoenhard 1981). The 1980-1981
Year Class Report (Battelle New England Marine Research Laboratory [Battelle]
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1983), the first one prepared after execution of the Settlement Agreement,
continued the presentation of 1ife history and population dynamics studies of
selected Hudson River fish species. The 1981 study program was also the first
in which the length of the sampiing season was reduced to focus on the period
when most Hudson River fish are maturing from the larval to juvenile stage.
The 1982 Year Class Report (Normandeau Associates, Inc. [NAI] 1985a) was sim-
ilar in content to the 1980-1981 report, but the estimation of year class
strength was extended to include a fall index. In addition to the basic sur-
vey results, the 1983 report (NAI 1985b) included data on the first recaptures
of fish released from a striped bass hatchery that began operation in 1983.
This report also examined the relationship between environmental variables and
the early life histories of striped bass, white perch, and American shad. The
1984 Year Class Report (Martin Marrietta 1986) contained the types of informa-
tion presented in the 1982 and 1983 reports, but placed additional emphasis on
the indices of year class strength and their interpretation.

The 1985 Year Class Report (Versar 1987) described the results from the 1985
Longitudinal River Ichthyoplankton Survey and the 1985 Fall Shoals and Beach
Seine Juvenile Surveys. This report focused on (1) the spatiotemporal distri-
butions for 12 fish species with respect to life history and prevailing envi-
ronmental factors; (2) year class strength indices, including the development
of a new index of year class strength for white perch, striped bass, American
shad, and bay anchovy; and (3) factors that may influence year class strength
for these four species.

The present report adds to the historical data base by describing the results
of the Longitudinal River Ichthyoplankton Survey and the Fall Shoals and Beach
Seine Juvenile Surveys for 1986 and 1987. The primary objectives of this Year
Class Report are to:

o Present estimates of the spatiotemporal distribution and
abundance for 12 selected fish species (Table 1-1); interpret
these findings with respect to 1ife history and environmental
factos.
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e Estimate the relative year class strength developed in previ-
ous Year Class Reports, including the bivariate index devel-
oped in the 1985 Year Class Report.

¢ Describe the historical patterns of variability in environ-
mental parameters within the Hudson River that may affect
fish distribution and abundance, including freshwater flow,
temperature, salinity, dissolved oxygen, pH, turbidity, and
allochthonous detritus.

e Estimate the influence of the inclusion of previously unsam-
pled regions on abundance and standing crop estimates.

e Describe changes in the fish community of the Hudson River
estuary over time and with respect to the influence of envi-
ronmental factors.

e Describe the growth patterns of larval and juvenile striped
bass, white perch, American shad, blueback herring, and ale-
wife during the period 1984-1987. Emphasize the influence of
size on the timing of the fall downriver migration of these
species.

This report is organized into nine chapters and two volumes: Volume I - Chap-
ters 1 through 9 and References Cited; Volume II - Appendices. Data collec-
tion and data analysis methods are described in Chapter 2. Water quality mea-
surements for 1986 and 1987, an analysis of historical patterns of water qual-
ity variability and predictability, and a discussion of allochthonous detrital
inputs are presented in Chapter 3. Chapter 4 describes the spatiotemporal
distribution of the 12 species with reference to environmental factors, sam-
pling methodology, and microhabitat distributions. Chapter 5 describes the
unsampled regions' program and results. Chapter 6 describes recruitment
trends based on year class strength indices. Community analysis techniques
are utilized in Chapter 7 to evaluate the Hudson River estuary fish com-
munity. Growth'patterns for the major fish taxa are discussed in Chapter 8.
Chapter 9 contains an analysis and discussion of size~related distribution and
emigration of juvenile striped bass and clupeids. The appendices contain sup-
porting information for the various chapters.

Lawler. Matusky & Skelly Engineers



CHAPTER 2
MATERIALS AND METHODS

2.1 SAMPLING DESIGN

Several fishery techniques were employed in three separate sampling programs
to obtain comprehensive information on the abundance and distribution of
selected larval, juvenile, and adult fish species in the Hudson River estu-
ary. Temporally, the programs covered spring through fall, the period of
greatest biological activity in north temperate waters. Program-specific
techniques were employed to adequately sample all habitats and permit the
determination of spatial distribution patterns. The three programs followed
the same general design and employed gear similar to that of previous Hudson
River sampling programs.

The three sampling programs that made up the overall program and their objec-
tives were:

o Longitudinal River Survey (LRS). The entire length of the
Hudson River estuary was sampled to provide ichthyoplankton
data that would allow caiculations of standing crop, mortal-
ity, and growth rates for selected Hudson River fish spe-
cies. The primary species were Atlantic tomcod (Microgadus
tomcod), American shad (Alosa sapidissima), striped bass
(Morone saxatilis), and white perch (M. americana). LRS sam-
pling was concentrated during the spring and midsummer when
eggs and larvae of the primary species were usually abundant.

e Fall Shoals Survey (FSS). Samples were collected every other
week over the length of the estuary in midsummer and fall.
The objective was to provide data on juvenile fish that would
allow calculation of standing crop estimates and conditional
mortality rates for selected Hudson River fish species. The
target species were Atlantic tomcod, American shad, striped
bass, and white perch.

e Beach Seine Survey (BSS). Beach seine samples were collected
in alternate weeks with the FSS at stations from the George
Washington Bridge to the Troy Dam. The objective was to
obtain information on juvenile American shad, Atlantic
tomcod, striped bass, and white perch while they were concen-
trated primarily in the shallow, nearshore region. The sur-
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vey was conducted from mid-June through August, when juve-
niles of these species were utilizing the shore-zone nursery.

Sampling for all programs was conducted according to a stratified random
design in which the river from the George Washington Bridge (RM 12) to the
Federal Dam at Troy (RM 152) was divided into 12 regions (Figure 2-1). Each
region was further divided into "strata" on the basis of river depth. The
strata based on river depth are graphically presented in Figure 2-2 and
defined below:

e Shore - that portion of the river extending fron the shore to
a depth of 3 m (the stratum defined only for BSS)

e Shoal - that portion of the river extending from the shore to
a depth of 6 m at mean low tide

e Bottom - that portion of the river extending from the bottom
to 3 m above the bottom where river depth is greater than 6 m
at mean low tide

e Channel - that portion of the river not considered bottom
where river depth is greater than 6 m at mean low tide

A minimum of three samples were assigned to each stratum in each region for
the LRS and FSS; a minimum of five samples were taken in each region for the
BSS. The strata actually sampled in each region during the 1986 and 1987 sur-
vey periods are given in Table 2-1. Shoal strata samples were not assigned in
upriver regions.

A general summary of the three sampling programs for each annual study phase
is presented in Table 2-2. The field and laboratory methods used for each
survey are described in detail in the following sections.

2.2 LONGITUDINAL RIVER SURVEY (LRS)

2.2.1 Field Methods

Two gear types were used to sample the shoal, channel, and bottom strata in
the LRS: a 1.0-m2 Tucker trawl (Figure 2-3) to sample the channel strata, an

2-2
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GEOGRAPHICAL REGIONS
USED DURING FIELD SAMPLING PROGRAMS
IN HUDSON RIVER ESTUARY

FIGURE 2-1

REGION

RIVER MILES
(Kilometers)

|

ALBANY - AL

125 - 152
(>201.2 - 246.2)

GREEN  ISLAND )— S

/
ALBANY /’

CATSKILL - CS

107 - 124
(>172.2 - 201.2)

SAUGERTIES-SG

94 - 106
(>151.3 - 172.2)

KINGSTON - KG

86 - 93
(>138.4 - 151.3)

HYDE PARK - HP

77 - 85
(>1239 - 138.4)

POUGHKEEPSIE - PK

62 - 78
(>99.8 - 123.9)

CORNWALL -CW

56 - 61
(>90.1 - 99.8)

WEST POINT - WP

47 - 55
{(>756 - 90.1)

INDIAN POINT - 1P

30 - 48
(>62.8 - 75.6)

CROTCN-HAVERSTRAW - CH

34 - 38
(>54.7 - 62.8).

/
I MA
/
S
NY .'
1
|
| T
|
l
POUGHKEEPSIE }‘
!
|
NEWBURGH l’
|
N

TAPPAN ZEE - TZ

24 - 33
(>38.6 - 54.7)

YONKERS - YK

12 - 23
(»18.3 - 38.6)

LEGEND POWER PLANTS
. oY A - ALBANY

s=—x BRIDGE B - BOWLINE POINT

A POWERPLANT

- DANSKAMMER POINT

P - INDIAN POINT
L - LOVETT
R - ROSETON
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FIGURE 2-2
CROSS SECTION OF THE ESTUARY SHOWING LOCATIONS
OF THE SHOAL, BOTTOM, AND CHANNEL STRATA

CHANNEL

\‘ BOTTOM

Shoal: water of 20 ft (6 m) or less

Bottom: water within 10 ft (3 m) of the river
bottom in more than 20 ft (6 m) depth

Channel: water more than 10 ft (3 m) from the river
bottomn in more than 20 ft (6 m) depth
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FIGURE 2-3
DESIGN AND DIMENSIONS OF
1.0-m> TUCKER TRAWL

FRONT VIEW
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g~ Swivel Shackle
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f' Closing Drop Bar &
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SIDE VIEW

Oceanographic Cable

Messenger

Bridle

Doubfe Trip Release Digital Flowmeter

-Mechaniam

Net Fully

k
Opened Cod End Bucket

Wire Rope

-

BO6um

‘110~kg Lead-filled Pipe

<

8.0m -

2-2E



epibenthic sled-mounted 1.0-mZ net similar in design to the Tucker trawl (Fig-
ure 2-4) to sample the bottom strata, and both gear types to sample the shoal
strata. Table 2-3 presents design specifications for the sampling gear.

Both gear types were towed against the prevailing current for 5 min. The tow
started with the remote opening of the net and terminated with its remote
closing. The tow speed for the trawl was approximately 90 cm/sec; for the
epibenthic sled-mounted net, approximately 100 cm/sec. An electronic flow-
meter mounted along the side of the research vessel and equipped with on-deck
readout was used to establish and maintain tow speed. A calibrated digital
flowmeter (General Oceanics Model 2030) mounted in the center of the net mouth
was used to calculate the volume of water filtered for each sample.

The 1986 LRS covered 11 weeks from 29 April to 10 July (Figure 2-5). Sampling
was conducted during daylight hours for the first four weeks and at night dur-
ing the last seven weeks. The midprogram change from diurnal to nocturnal
sampling was consistent with sampling protocol for the years 1975 through
1985. A special nocturnal six-week sampling program that incorporated an
additional 20 trawl (channel strata) samples per week was conducted between 26
May and 7 July 1986. The samples collected during this survey were scheduled
for a special aging study of striped bass larvae using daily otolith rings.
The 1987 LRS covered a 13-week period from 14 April through 9 July 1987
(Figure 2-5), with all sampling conducted at night. As noted for the 1986
LRS, a six-week special sampling program to collect samples for striped bass
otoTith aging was conducted between 25 June and 6 July 1987.

The allocation of sampling effort among river regions and strata was tem-
porally adjusted in response to the projected presence and distribution of
target species and life stages. The 1986 and 1987 LRS sampling programs were
scheduled as three separate multiweek efforts. The first, which covered the
last week of April and the first two weeks of May, was directed toward the
collection of eggs of Morone spp. and American shad. The second covered the
next three-week period, from the middle of May through the first week of June;

2-3
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FIGURE 2-4
DESIGN AND DIMENSIONS OF

1.0-m2TUCKER TRAWL MOUNTED ON AN EPIBENTHIC SLED

FRONT VIEW

Ocesanographic Cable

Double Trip
Release Mechanism
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Wire Bridle
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Wire Rope \
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Digital EE
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/ 4
s _/ 2.0m ]
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Haif-Closed Net

Oceanographic Cable

SIDE VIEW

Messenger
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Digital Flowmaeter
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TABLE 2-3

SPECIFICATIONS OF SAMPLING GEAR USED IN
LONGITUDINAL RIVER ICHTHYOPLANKTON SURVEYS - 1986-1987

1.0-m2 Tucker Trawl

Length

Mouth (width)
Mouth (height)
Mesh size

Net material

Collection cup
Length
Length with net-retaining ring
Mesh size
Net material

1.0-mZ Net Mounted on Epibenthic Sled

Length

Mouth (width)
Mouth (height)
Mesh size

Net material

Collection cup
Length
Length with net-retaining ring
Mesh size
Net material

8.0 m
1.0m
1.4 m
505 um
Nytex (monofilament nylon)

30 cm
30 cm
37 ¢m
500 u4m
Nytex (monofilament nylon)

OO
333

05 um
Nytex (monofilament nylon)

8
1
1
5

30 cm
30 cm
37 ¢cm
500 um
Nytex (monofilament nylon)
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this collection targeted Morone spp. and American shad yolk-sac larvae (YSL).
The LRS sampling program concluded with a five-week period encompassing the
remainder of June and the first part of July. The final sampling effort was
designed to collect Morone spp. and American shad post-yolk-sac larvae
(PYSL). In addition, two weeks of sampling in 1987, starting in mid-April,
was scheduled specifically for the collection of American shad eggs.

The allocation of sampling effort among regions and strata is given in Tables
2-4 and 2-5 for the 1986 and 1987 LRS, respectively. During 1986, 2313
ichthyoplankton samples (including 141 striped bass otolith aging samples)
were scheduled for collection; 2324 samples were collected, accounting for
100.5% of the scheduled total. 1In 1987, 2699 ichthyoplankton samples were
scheduled for collection and 2612, or 96.8% of the scheduled number, were col-
Tected.

Following net washing and sample concentration in the cod-end bucket, the reg-
ularly scheduled LRS samples were examined for yearling and adult fish. A1l
of these fish were identified, enumerated, and returned to the river. Special
care was taken for sturgeon and for marked and tagged fish. After yearling
and adult fish were removed, the ichthyoplankton sample was placed in a con-
tainer(s) filled with 10% formalin.

In situ measurements of water temperature (°C), dissolved oxygen (mg/1), and
specific conductance (u«mhos/cm at 25°C) were taken with calibrated meters at
fixed river mile and strata stations. Water quality sampling locations, by
river mile and strata, are presented in Table 2-6 for the 1986 and 1987 LRS.
Weekly water quality measurements were recorded from surface, middepth, and
bottom water strata at channel stations and from the surface and bottom water
depth at shoal stations. ODuring the 11 weeks of the 1986 LRS, 1804 samples
were scheduled, with 1805 actually collected. In 1987, 1795 of the scheduled
1804 samples were collected during the 1l-week program; an additional 200
samples were collected during the two-week extension of the LRS program in
mid-April. Ichthyoplankton samples collected for striped bass otolith aging

2-4
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TABLE 2-6

WATER QUALITY SAMPLING LOCATIONS (RIVER MILE) IN
1986 AND 1987 LONGITUDINAL RIVER ICHTHYOPLANKTON SURVEYS

SAMPLING LOCATIONS
(River Mile)

NUMBER OF
SAMPLES SCHEDULED

RIVER REGION SHOALS4 CHANNEL PER REGION PER RUN
Yonkers 5 14, 17, 19, 22 16
Tappan Zee 29 25, 27, 29, 32 16
Croton-Haverstraw 36 35, 36, 37, 38 16
Indian Point 43 40, 42, 43, 46 16
West Point - 43, 51, 53, 55 12
Cornwall 59 56, 57, 59, 61 16
Poughkeepsie - 63, 67, 71, 75 12
Hyde Park - 78, 80, 82, 84 12
Kingston - 87, 89, 91, 93 12
Saugerties - 96, 99, 102, 105 12
Catskill - 109, 114, 118, 122 12
Albany - 127, 131, 135, 138 12
TOTAL 164

- No sample scheduled.

dSample collected from

mile.

2-4C
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were handled in the same manner as regularly scheduled LRS samples except that
the perservative was 95% ethyl alcohol (ETOH). Following 24 hrs in the
initial 95% ETOH, the samples were drained and represerved in 70% ETOH.

2.2.2 Laboratory Methods

Eggs and larvae were separated from detrital material, sorted by major taxo-
nomic group and 1ife stage, counted, and placed in vials containing 5% forma-
lin. The following life stage designations were used in the sorting process:

LIFE STAGE DESCRIPTION

Eag Embryonic stage from spawning to hatching

Yolk-sac larva From hatching to development of a complete and functional
digestive system

Post-yolk-sac From development of a complete digestive system to acquisi-
larva tion of a full complement of adult fin rays

Young-of-year From acquisition of a full complement of adult fin rays
(or juvenile) to 31 December of the year spawned

Vials of samples containing fish eggs or bay anchovy larvae at estimated abun-
dance levels exceeding 4000 were split to one-half, one-fourth, or one-eighth
of the original number using a Folsom plankton splitter.

Sorted larval samples were evaluated by a trained technician under magnifica-
tion and all larvae were identified and enumerated. American shad, white
perch, and striped bass were measured for total length. Whenever possible, 30
individuals of each of these species were measured per sample. When avail-
able, at least 10 individuals per life stage were measured; if fewer than 10
were encountered, the remainder of the quota was allocated to the other life
stages in proportion to abundance.

2-5
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Continuous sampling inspection was employed during the sort and identification
procedures to ensure an average outgoing quality (A0OQ) of <0.1. Two sampling
modes were required in the continuous sampiing plan (CSP-1):

Mode 1: The first eight samples sorted or analyzed for larval
identification by an individual are subject to 100%
quality control (QC) reanalysis. If all eight pass the
reanalysis, i.e., if <10% of the ichthyoplankton are
missed or misidentified per sample, the individual is
placed in CSP Mode 2. If any sample fails during Mode
1, then Mode 1 is continued until eight consecutive
samples pass. For example, if a sample with QC number
7 fails, then samples with QC numbers 8 through 15 are
subject to QC resorting.

Mode 2: Lots of seven consecutive samples per individual are
assigned. One sample from each lot is randomly chosen
for QC analysis. If a sample fails (>10% of organisms
missed or misidentified) during Mode 2, that individual
is placed back into Mode 1. For example, if a sample
with QC number 6 fails in & lot of seven samples, then
samples with QC numbers 7 through 14 are subject to QC
reanalysis. If samples 7 through 14 pass, the indi-
vidual is again placed in Mode 2.

Results of the 1986 and 1987 CSP-1 quality control/quality assurance program
are contained in Appendix A.

2.3 FALL SHOALS SURVEY (FSS)

2.3.1 Field Methods

A 1.0-m2 Tucker trawl and a 3.0-m beam trawl were used to collect juvenile
fish in the FSS. The Tucker trawl with 3.0-mm mesh was used to collect sam-
ples in the channel strata, while the beam traw] (Figure 2-6) was used to sam-
ple the shoal and bottom strata. The latter gear was first used in this capa-
city in the 1985 FSS; prior to 1985 an epibenthic sled-mounted Tucker trawl
was used. (See Table 2-7 for design specifications for both trawl types.)

2-6
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TABLE 2-7

SPECIFICATIONS OF SAMPLING GEAR USED IN FALL
SHOALS SURVEYS ~ 1986-1987

1.0-m¢ Tucker Trawl

Length 8.0m
Mouth (width) 1.0m
Mesh size 3.0 mm

Collection cage (cod end)

Length 81 cm

Diameter 41 cm

Mesh size 3.0 mm

3.0-m Beam Trawl

Length 7.6 m

Beam width 3.0m

Net body 3.8-cm mesh (stretch)

Cod end 3.2-cm mesh (stretch) net
with 1.3-cm mesh (stretch)
liner

Hood 3.8-cm mesh (stretch)

Footrope Equipped with 5.1-cm rollers

Headrope Equipped with three floats

Fish mouth area 2

2.74 m

2-6B



Both gear types were towed against the prevailing current for approximately
5 min at a tow speed of approximately 150 cm/sec. Tow speed was established
and maintained by an electronic flowmeter mounted along the side of the re-
search vessel and equipped with on-deck readout. A calibrated digital flow-
meter (General Oceanics Model 2030) mounted in the center of the net mouth was
used to calculate the volume of water filtered for each sample.

The 1986 FSS biweekly sampling program covered 19 weeks from 21 July to 2
December (Figure 2-7), with all samples collected at night. A nocturnal sam-
pling schedule was also maintained for the biweekly 1987 FSS, which covered 17
weeks from 13 July to 5 November 1987. Tables 2-8 and 2-9 present the distri-
bution of the sampling effort among the 12 river regions by stratum for the
1986 FSS and the 1987 FSS, respectively. In 1986, 2100 samples were scheduled
for collection, with 2098 samples, or 99.9% of the scheduled number, actually
collected. In 1987, 1891 samples were collected, or 100.1% of the 1890 sam-
ples scheduled. '

Calibrated meters were used to measure water temperature (°C), dissolved
oxygen (mg/1), and specific conductance (umhos/cm at 25.0°C) at fixed river
mile and strata stations. Sampling locations were the same as those used for
the LRS sampling program (Table 2-6). Water quality measurements were re-
corded during each biweekly FSS sampling period from surface, middepth, and
bottom water strata at channel stations and from the surface and bottom water
depths at shoal stations.

Samples collected during the first two sampling periods (runs 1 and 2) for
the 1986 and 1987 FSS programs were preserved with 10% formalin at the time of
collection and returned to the Taboratory for analysis. Before preservation,
samples were examined for sturgeon determined to be yearling or older, based
on length categorization; live fish were returned to the river. Samples from
the first two runs were returned to the laboratory for analysis because of the
difficulty in differentiating some species, especially YOY Morone (striped
bass, white perch) and Alosa (alewife, blueback herring). Samples collected

2-7
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FIGURE 2-7

FALL SHOALS SURVEY AND BEACH SEINE SURVEY
SAMPLE SCHEDULE - 1986 AND 1987

B Fss
B Bss

71421284 111825181522 2961320 273101724 181522

July August September October November December

1986

1522296132027 3101724317 1421285121926291623307 1421

June July August September Oclober November December

1987
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TABLE 2-8
NUMBER OF BIWEEKLY SAMPLES TAKEN IN THE 1986 FALL SHOALS SURVEY

21 July - 2 December

STRATA
SHOAL CHANNEL BOTTOM
(BEAM (TUCKER (BEAM

REGION TRAWL.) TRAWL ) TRAWL) TOTAL
Yonkers 70 50 50 170
Tappan Zee 299 80 80 459
Croton~-Haverstraw 160 30 80 270
Indian Point 60 30 50 140
West Point - 30 50 80
Cornwall ' 50 30 50 130
Poughkeepsie - 30 50 80
Hyde Park - 40 . 60 100
Kingston - 59 90 149
Saugerties - 60 120 180
Catskill - 60 150 210
Albany - 50 80 130
TOTAL 639 549 910 20984

- No sample scheduled.

dA11 samples collected at night.
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TABLE 2-9

NUMBER OF BIWEEKLY SAMPLES TAKEN IN
THE 1987 FALL SHOALS SURVEY

13 July - 5 November

STRATA

SHOAL CHANNEL BOTTOM

(BEAM (TUCKER (BEAM
REGION TRAWL) TRAWL) TRAWL) TOTAL
Yonkers 63 45 45 1583
Tappan Zee 271 72 72 415
Croton-Haverstraw 144 27 72 243
Indian Point 54 27 45 126
West Point - 27 45 72
Cornwall 45 27 45 117
Poughkeepsie - 27 45 72
Hyde Park - 36 54 S0
Kingston - 54 81 135
Saugerties - 54 108 162
Catskill - 54 135 189
Albany - 45 72 117
TOTAL 577 495 819 18914

- No sample scheduled.

a8A11 samples collected at night.

2-7C



following the second biweekly sampling period were evaluated in the field;
only fish required to fill length measurement quotas were returned to the
laboratory. The quota was to be 20 specimens of a selected species from each
river region per run. In river regions where fewer than 10 samples were col-
lected per survey, no more than 10 specimens of each selected species from an
individual sample were used to fill the length measurement quota. This crite-
rion was used in the following surveys by river region:

SAMPLING PROGRAM REGION
Beach Seine Survey YK, IP, WP, CW, PK
Fall Shoals Survey WP, PK

In all other regions, when the sample schedule resulted in 10 or more samples
per survey, no more than five specimens per species in a sample were used to
fill the length measurement quotas. If more specimens of a species were col-
lected than needed, the individuals used to fill the quotas were randomly
selected.

2.3.2 Laboratory Methods

Fish from the FSS identified and enumerated in both the field and laboratory
were separated into the following length classes:

Length Class 1 - Less than or equal to the YOY length 1limit
("Division 1"), which was obtained from the
Indian Point impingement contractor on a
weekly basis for each species

Length Class 2 - Greater than Division 1 and less than or equal
to the yearling length 1imit ("Division 2";
set at 150 mm for most species), also obtained
weekly from the impingement contractor. From
1 January through 31 May, Division 2 repre-
sents the upper length 1imit for yearling fish
for all species. From 1 June through 31
December, Division 2 is assigned a static
value of 150 mm TL for all species except

2-8
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alewife, American shad, blueback herring,
striped bass, Atlantic tomcod, and white
perch. For these species Division 2 is main-
tained as a dynamic upper length limit for
yearling fish throughout the year.

Length Class 3 - Greater than Division 2 and less than or equal
to 250 mm

Length Class 4 - Greater than 250 mm

Twenty specimens of the following selected species collected in each river re-
gion were measured for total length (nearest millimeter) in the laboratory:

e Alewife e Shortnose sturgeon
e American shad e Spottail shiner

e Atlantic sturgeon o Striped bass

e Atlantic tomcod : o Weakfish

e Bay anchovy e White catfish

e Blueback herring e White perch

2.4 BEACH SEINE SURVEY (BSS)

2.4.1 Field Methods

The BSS utilized a 30.5-m bag beach seine to collect juvenile fish in the
shore zone of each region. Table 2-10 presents specifications for the beach
seine. One end of the net was held on shore and the other end was towed per-
pendicularly away from the shore by boat. The seine was then hauled into the
current in a semicircular path toward shore. The complete tow swept an area
of approximately 450 m2 (TI 1981). A1l BSS sampies were collected on a diur-
nal schedule on alternate weeks with the FSS.

The 1986 BSS biweekly sampling program covered 19 weeks. The first samples
were collected on 15 July, the last on 21 November 1986 (Figure 2-7), a total

2-9
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TABLE 2-10

SPECIFICATIONS OF SAMPLING GEAR USED
IN BEACH SEINE SURVEYS - 1986-1987

30.5-m Beach Seine

Number of wings
Length of wings
Depth of wings
Wing mesh (stretch)
Length of bag
Depth of bag

Bag mesh (stretch)
Sample area

—

N
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of 10 weekly periods. The alternate-week sampling schedule was used for the
1987 BSS, which covered 21 weeks from 24 June through 13 November 1987; sam-
pling was over 11 weekly periods. Two additional beach seine surveys were
conducted during the weeks of 22-26 June and 6-10 July 1987 to collect infor-
mation on American shad YOY. Allocation of the proposed 100 beach seine sam-
ples per river run by river region and the total number collected for the 1986
and 1987 BSS are presented in Table 2-11. A1l of the scheduled 1000 samples
projected for collection in 1986 were collected. Of the 1100 samples sched-
uled for collection in 1987, 1101 samples were actually collected.

Measurements of water temperature (°C), dissolved oxygen (mg/1), and specific
conductance (umhos/cm at 25°C) were taken with each beach seine sample. Water
quality measurements were taken 0.3 m below the water surface and approxi-
mately 15.0 m from the shoreline.

Beach seine samples collected during the first three river runs in 1986 and
the first four river runs in 1987 were processed in the laboratory because of
the difficulty in distinguishing between early juvenile species. All sampies
collected following run 3 in 1986 and run 4 in 1987 were field processed to
yield only 20 specimens of the selected species from each region for length
determination in the laboratory. Samples maintained for laboratory analysis
were preserved with 10% formalin.

A1l sturgeon collected under both the FSS and BSS during both years were mea-
sured to the nearest millimeter and weighed to the nearest gram. Fish that
remained alive were returned to the river; dead fish were frozen and held for
the New York State Department of Environmental Conservation (NYSDEC).

2.4.2 Laboratory Methods

A1l fish returned to the laboratory were measured for total length to the
nearest 1.0 mm. Laboratory analysis was conducted in the same manner as de-
scribed for samples collected under the FSS.

2-10
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TABLE 2-11

NUMBER OF BIWEEKLY SAMPLES TAKEN IN THE
1986 AND 1987 BEACH SEINE SURVEYS

NUMBER OF BEACHES SAMPLED

REGION 1986 1987
Yonkers 50 55
Tappan Zee 240 265
Croton-Haverstraw 139 153
Indian Point 50 55
West Point 50 55
Cornwall . 60 66
Poughkeepsie 50 55
Hyde Park 50 55
Kingston 50 55
Saugerties 90 100
Catskill 100 110
Albany 71 77
TOTAL 1000 1101

2-10A



2.5 SPECIAL STUDIES

2.5.1 1986 Juvenile Fish Abundance in Previously Unsamplied Areas

The objective of the special study conducted during 1986 was to obtain juve-
nile fish density information from areas of the Hudson River not previously
sampled by the FSS and BSS due to obstructions and sampling gear limitations.
Except for the addition of a 0.9-m2 pushnet to sample the beach and shore
strata, the special study gear was similar in design and method of deployment
to the gear used in the long-term fall juvenile surveys so that fish densities
between previously sampled and unsampled areas could be compared.

2.5.1.1 Field Methods. The first phase of the juvenile special study was a
general survey to quantify the unsampled areas in all 12 river regions. The
areas were categorized based on depth as follows:

DEPTH RANGE

STRATA CATEGORY METERS FEET
Beach 0.3-1.5 1-5
Shore 1.5-3.0 5-10
Shoal 3.0-6.1 10-20
Bottom >6.1 >20

A detailed survey was then conducted to determine the extent of the shoal area
in the Croton-Haverstraw, West Point, and Poughkeepsie through Albany re-
gions. Fishable areas, defined as a consistent depth contour extending for a
minimum distance of 0.2 km with a slope acceptable for net tows, were noted.

Two gear types were used in the 1986 special study: a 2.0-m beam trawl for
all depth strata 1.5 m or greater and a 0.9-m2 pushnet for the beach strata.
Design specifications for the two gear types are presented in Table 2-12.
Comparative samples utilizing both gear types were conducted in the Catskill
region shore strata. Collections using both gear types were approximately 5

2-11
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TABLE 2-12

SPECIFICATIONS OF SAMPLING GEAR USED IN
JUVENILE SPECTAL STUDY - 1986

2.0-m Beam Trawl

Length

Mouth (width)
Mouth (height)
Mesh size

Cod end

Hood

Footrope

Headrope

Fishing mouth area

0.9-m¢ Pushnet

Length

Mouth (width)
Mouth (height)
Mesh size

Cod end

Fishing mouth area

7.0 m
2.0m
0.9 m
3.8-m stretch mesh

3.2-cm stretch mesh net with
1.3-cm stretch mesh liner
3.8-cm stretch mesh

Equipped with 5.1-cm rollers
Equipged with three floats

1.8 m

L]

333

(2]

m stretch mesh
m stretch mesh with
m stretch mesh Tiner

O

(2]

O WWO R &
WWMhNhOOHYOT N

3
N

.
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min long at a velocity through the water of 150 cm/sec. Tow velocity was
established with an electronic flowmeter with on-deck readout mounted along-
side the research vessel.

A calibrated digital flowmeter (General Oceanics Model 2030) mounted in the
center of each net mouth was used to calculate the volume of water filtered
for each sample. The sample volume was estimated to be approximately 850 m3
for a 5-min beam trawl sample and a minimum of 300 m3 for a 5-min pushnet
sample. A1l special study sampling was dene at night.

Sample allocation and total number of samples among river regions by depth
strata and gear type are given in Table 2-13. Special study sampling was con-
ducted in four of the 12 river regions, which were selected based on the pro-
jected presence of target species, as follows:

RIVER REGION TARGET SPECIES

Croton-Haverstraw Atlantic tomcod
Bay anchovy
Striped bass

West Point Atlantic tomcod
Striped bass
Bay anchovy

Kingston White perch

Catskill American shad

A total of 109 pushnet samples were collected from the shore zone in the four
river regions: 57 samples off beaches previously sampled under the BSS and 52
of f beaches not sampled under the BSS. Twenty pushnet samples were collected
from the shore zone in the Catskill region for gear comparison purposes.
Eighty-two 2.0-m beam trawl samples were collected: 46 from the 5- to 10-ft-
depth shore strata and 36 from the 10- to 20-ft-depth shoal strata. Shore-

2-12
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zone beam trawl samples were collected in all four selected river regions; no
shoal strata samples were collected from the Croton-Haverstraw river region.

A1l YOY fish taken in the special study samples were placed in unbreakabie
containers, preserved with 10% formalin, and returned to the laboratery for
analysis. All yearling and older fish were sorted by species and counted by
length class. A1l yearling and adult fish were released following field anal-
ysis.

Measurements of water temperature (°C), dissolved oxygen (mg/1), and specific
conductance (~mhos/cm at 25°C) were taken at each sample location. A single
reading for each parameter was recorded for the beach strata samples; surface
and bottom readings were recorded for the shore and shoal strata.

2.5.1.2 Laboratory Methods. Thirty YOY fish of each target species were pro-
cessed per sample for total length to the nearest millimeter.

2.5.2 1987 Special Study to Examine Eqgs and Ichthyoplankton Abundance in
Unsampled Areas

The objective of the 1987 special study was to obtain information on egg and
ichthyoplankton densities from areas of the Hudson River not previously sam-
pled because of obstruction and gear limitations. Sampling gear comparable or
identical to that used in the LRS was used to facilitate data evaluation.

2.5.2.1 Field Methods. A 1.0-m¢ Tucker trawl, a 1.0-m2 net mounted on an
epibenthic sled, and a 1.0-m2 pushnet were used in the 1987 ichthyoplankton
special study. (See Table 2-14 for gear specifications.) All nets were
equipped with 505-«m mesh. The frame of the epibenthic sled used in 1987
was smaller than the one used for the LRS, which permitted deployment in shal-
low, confined areas. The bottom water strata (>20 ft) was sampled with the
epibenthic sled-mounted net; the shoal strata (10 to 20 ft), with the epiben-
thic sled-mounted net and the 1.0-m2 Tucker trawl. The beach strata (1 to 5
ft) were sampled with the 1.0-m2 pushnet; the shore strata (5 to 10 ft) with
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TABLE 2-14

SPECIFICATIONS OF SAMPLING GEAR USED IN
ICHTHYOPLANKTON SPECIAL STUDY - 1987

1.0-m2 Tucker Trawl

Length
Mouth (width)
Mesh size
Net material
Collection cup
Length .
Length with net retaining
ring
Mesh size
Net material

1.0-m2 Pushnet

Length
Mouth (width)
Mouth (height)
Mesh size
Collection cup
Length
Length with net retaining
ring
Mesh size
Net material

8.0 m
1.0 m
505 4m
Nytex (monofilament nylon)

30 cm
37 cm

505 u4m
Nytex (monofilament nylon)

OO
¥ 333

4
1.
0.
505 um
30 cm
37 ¢m

505 um
Nytex (monofilament nylon)
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both the pushnet and the net-mounted epibenthic sled. A1l sampling was con-
ducted at night. Sample duration for all gear was 5 min at a tow speed of 90
cm/sec for the Tucker trawl, 100 cm/sec for the epibenthic sled-mounted net,
and 90 cm/sec for the pushnet. Tow velocity was established and maintained

with an electronic flowmeter with on-deck readout mounted alongside the re-
search vessel.

A calibrated digital flowmeter (General Oceanics Model 2030) mounted in the
center of the net mouth was used to calculate the volume of water filtered for
each sample.

The pushnet had one velocity meter mounted inside the net mouth and a second
outside the net mouth. The difference in meter readings was used to determine
net filtration efficiency. The percent difference (P-DIFF) in volume between
inside and outside flowmeters was calculated as follows:

P-DIFF = ([outside volume - inside volume]/outside volume) x 100

The mean percent difference (P-DIFF) with its standard deviation and maximum
and minimum values is presented below.

STRATA PERCENT DIFFERENCE
STRATA CODE N MINIMUM  MAXIMUM  MEAN STD. DEV.
Beach (1-5 ft) 5 100 -11.25 17.83 2.07 4,19
Beach and Shore 5+7 150 -11.25 21.12 2.36 4.42

The relatively small differences in percentages between the two flowmeters in-
dicate that the pushnet efficiently filtered the water. The design sample
volume for a 5-min tow was a minimum of 300 m3 for this gear.

Table 2-15 presents the schedule by river region, sampling gear, target
species, and life stage. Sample allocation by river region, depth strata, and
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TABLE 2-15

SAMPLE DESIGN FOR 1987 ICHTHYOPLANKTON SPECIAL STUDY

STRATUM TARGET SPECIES
REGION SAMPLE PERIOD GEAR (ft) AND LIFE STAGE
Catskill 11-29 May Pushnet 01-05 American shad
Epibenthic sled 05-10 eggs and yolk-
Pushnet 05-10 sac larvae
Epibenthic sled 10-20
Tucker trawl 10-20
Epibenthic sled >20
Poughkeepsie 8-26 Jun Pushnet 01-05 Striped bass and
Epibenthic sled 05-10 white perch post-
Pushnet 05-10 yolk-sac larvae
Epibenthic sled 10-20
Tucker trawl 10-20
.Epibenthic sled >20
Tappan Zee 8-26 Jun Pushnet 01-05 Bay anchovy post-
Epibenthic sled 05-10 yolk-sac larvae
Pushnet 05-10 :
Epibenthic sled 10-20
Tucker trawl 10-20
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gear is presented in Table 2-16. Sampling in the Catskiil region was designed
to collect information on American shad; in the Poughkeepsie region, striped
bass and white perch; in the Tappen Zee region, bay anchovy.

Field processing of the ichthyoplankton samples inciuded the identification,
enumeration by length class, and release of all yearling and adult fish. Fol-
lowing examination, the sample was placed in unbreakable containers and pre-
served with 10% formalin.

2.5.2.2 Laboratory Methods. Samples collected during each week of each sam-
ple period were chosen at random and analyzed for abundance of target
species. A1l samples from the week having the greatest abundance of targets
were analyzed. Laboratory analysis of the selected jichthyoplankton special
study samples included total 1length and 1life stage designation for the
selected species. A1l ichthyoplankton were identified and enumerated.

2.5.3 1987 Fall Shoals Special Study

Special study sampling to collect information on juvenile fish was conducted
on a limited schedule from the Kingston and Saugerties river regions during
15-18 September 1987. Thirty-three samples were collected from previously
sampled bottom strata (>20 ft), 34 from previously unsampled shoal strata
(10-20 ft). The samples were evaluated as described for the 1986 juvenile
special study (Section 2.5.1).

2.6 ANALYTICAL METHODS

2.6.1 Water Quality Parameters

To display the spatial and temporal patterns of temperature, conductivity,
salinity, and dissolved oxygen, a mean of each parameter for each region and
sampling week, weighted by stratum volume, was calculated. Equation 1 was
used to compute these means for the standard water quality stations sampled in
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TABLE 2-16

SAVPLE ALLOCATION BY RIVER REGION AND GEAR FOR
1987 ICHTHYOPLANKTON SPECIAL STUDY

SHORE (5-10 ft) SHOAL (10-20 ft) BOTTOM _(>20 ft)
EPIBENTHIC SLED~ EPIBENTHIC SLED- EPIBENTHIC SLED-
BEACH (1-5 ft MOUNTED 1.0-7  1.0-m®  MOUNTED 1.0-m? 1.0-@  MOUNTED 1.0-m
REGION (1. PUSHNET) NET PUSHNET NET TUCKER TRAWL NET
Yonkers
Tappan Zee 32 40 25 48 48
Croton-Haverstraw
Indian Point
West Point
Cormwall
Poughkeepsie 54 27 27 55 54 30
Hyde Park
Kingston
Saugerties
Catskill 150 75 75 99 201 120
Albany
TOTAL 236 142 127 202 303 150
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conjunction with the LRS and FSS. Equation 2 was used for data taken in con-
junction with the BSS. Overall, weekly and regional means were computed using
Equations 3 and 4. The mean of each water quality parameter was calculated
using Equation 5 for each of three estuary segments: lower estuary (Yonkers
to Croton-Haverstraw), middle estuary (Indian Point to Poughkeepsie), and
upper estuary (Hyde Park to Albany). Salinity data were computed from conduc-
tivity data (wmhos/cm at 25°C) using Equation 6 (Anaderaa Instruments 1983).
These data were reconverted to raw conductivity for the conversion to salin-
ity.

Orw ) krw . Ndkrw
Wew = 2 Pkr | === ) 2 Widkrw (1)
k=1 Mkrw  d=1 \"dkrw = js1

where

Wpy = weighted mean of a water quality parameter in region r
during week w of the LRS and FSS

Widkrw = water quality measurement for location i, at depth d,
in stratum k, in region r, during week w

Py = proportion of the river volume of region r that is
contained by stratum k (bottom and channel strata were
combined for water quality analysis)

Ndkry = number of sites at which measurements were made at depth
d, in stratum k, in region r, during week w

Nkrw = number of depths sampled in stratum k, in region r,
during week w

Nry = number of strata sampled in region r during week w

! Nrw
Wry = frw ggi Wi rw (2)

where

Wry = mean of a water quality parameter in region r during
biweek w of the BSS
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water quality measurement for location i, in region r,
during biweek w

number of water quality measurements taken in region r
during biweek w

12
Wy = 2. (Pr) (Wrw) (3)
r=1
mean of a water quality parameter during sampling week w
proportion of the river volume contained in region r
weighted mean of a water quality parameter calculated in
Equation 1
N
1
He = o 2 Hrw (4)
W
mean of a water quality parameter in region r
number of weeks sampled in region r
weighted mean of a water quality parameter calculated in
Equation 1 .
Ng
Wsw = 3 (Prs) (Wrw) (5)
r

mean of a water quality parameter in estuary segment s

proportion of the estuary segment volume contained
in region r

number of regions sampled in segment s

weighted mean of a water quality parameter calcu-
lated in Equation 1
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Salinity = (-0.08996) + (28,8567) (R) + (12.18882) (R?) (6)
- (10.61869) (R3) + (5.98624) (R4) - (1.32311) (R)
+ [R(R - 1.0) (0.0442) (T)] - (0.00046)(T2) -
(0.0040) (R)+[ (0.000125-0.0000029) (T) (P)]
where

T = water temperature (°C)

P = pressure (dbar)

_ RST
R=RT
where
RSTP
RST =10 + F
RT = (0.6765836) + (2.005294) (TD) + 51.11099) (TD2)
- (0.726684)(TD3) + (0.13587)(TD%)
_C
RSTP = 77,506
E (1.60836x10-5)(P) - (5.4845x10-10)(P2) + (6.166x10-15)(P3)
= {1.0) + (0.030786) (T) + (0.0003169) (T2)
R
™ = 160.0

C = conductivity (mS/cm)

2.6.2 Density Estimates

Estimates of the population density were made for the LRS and FSS. For these
two surveys the number of fish (by species and life stage) in individual sam-
ples was first converted to density (number per cubic meter of water sampled)
using Equation 7. The mean density and the standard error of the mean were
calculated for each stratum, region, and sampling week using Equations 8 and
9. To obtain a mean density and standard error for each region during each
sampling week, the stratum densities were .weighted by the proportion of the
regional river volume found in the stratum (Equations 10 and 11). If a stra-
tum was not sampled, its volume was added to the volume of an adjacent stratum
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that was sampled. Stratum volume adjustments were made according to the fol-
lowing rules:

IF THIS STRATUM ITS VOLUME WAS ADDED
WAS NOT SAMPLED TO THIS STRATUM
Shoal Bottom
Bottom Channel
Cikrw
Dikrw = yri— 7
ikrw Vikrw (7)

where

Dikrw = density (for a life stage and species) per cubic meter
for sample i, in stratum k, in region r, during week w

Cikrw = number of fish caught in sample i, in stratum k, in
region r, during week w

volume sampled (m3) by sample i, in stratum k, in region
r, during week w

3

Nk

rw .
1
Dkrw = El Dikrw - (8)

where
Dkrw = average density in stratum k, in region r, during week w
Dikrw = sample density calculated in Equation 7

Nkrw = number of samples taken in stratum k, in region r, dur-

ing week w
Nkrw
SE(Dkrw) = [ 3= (Dikrw - Dkrw)?
j=1 (9)

(nkrw) (Nkrw-1)
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where

SE(Dgrw) = standard error of the average density in stratum k,
in region r, during week w

Dikrw = sample density calculated in Equation 7

Dkrw = average stratum density calculated in Equation 8

Nrw
Drw = El (Dkrw) (Pk) (10)

where
Dpy = average density in region r during week w
Dxrw = average stratum density calculated in Equation 8

Py* = proportion of the regional river volume found in stra-
tum k (see Table 2-17)

npy = number of strata sampled in region r during week w

Nrw

SE(Dpyw) = [ 2 [ss(nk,.w)z (Pk)Z] (11)

where

SE(Dpy) = standard error of average density in region
r during week w

SE(Dkrw)

standard error of the average stratum density cal-
culated in Equation 9 '

Catches from the BSS were reported as number caught per seine haul (CPUE) by
1ife stage and species. The average CPUE for a region and its standard error
were calculated using Equations 12 and 13.

*When a stratum is missing, Py for the sampled stratum is equal to the sum of
the Py for the sampled stratum and the Py for the unsampled stratum.
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= — Cirw (12)

where
Crw = average CPUE in region r during week w
Ciry = CPUE for sample i in region r during week w

Ny = number of samples taken in region r during week w

Nrw
SE(er) = | 2 (Cirw-Crw)2 (13)
Nrw(Nrw-1)
where
SE{Cn,) = standard error of average CPUE in region r during

week w

Crw = average regional CPUE calculated in Equation 12

2.6.3 Annual Abundance Indices

2.6.3.1 Standing Crop Estimates. Standing crop (the number of fish in an
area at a particular time) was estimated by 1ife stage and species for each of
the three surveys. Standing crop estimates and the associated standard errors
were calculated for each stratum in a region by taking the product of the
average stratum density (or the standard error) and the volume of water con-
tained in that stratum (Equations 14 and 15 for the LRS and F3S; Table 2-17).
The regional standing crop was then estimated as the sum of the stratum
standing crops (Equations 16 and 17). Similarly, an estimate of the standing
crop for the river for each week was calculated by summing the standing crops
for the 12 river regions (Equations 18 and 19).

SCkrw = (Vkr) (Dkrw) (14)

where

SCkrw = standing crop estimate for stratum k, in region r,
during week w

2-21
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Vkr
Dk rw
where
SE(SCkrw)
SE{Dkrw)
SCry
where
SE(SCpy)
SE(SCk rw)
where
SCy
SCry

L]

river volume contained by stratum k in region r

average stratum density calculated in Equation 8

SE(SCkrw) = (Vkr)LSE(DAkrw)] (15)

standard error of the standing crop estimate for
stratum k, in region r, during week w

standard error of average stratum density calculated
in Equation 9

3
SCrw* = 2. SCkrw (16)

standing crop estimate for region r during week w

stratum standing crop estimate calculated in Equation 14

3
SE(SCrw)* ?JE: [SE(SCkrw)12 (17)
k=1

standard error of standing crop estimate for region
r during week w

standard error of stratum standing crop estimate
calculated in Equation 15

12

SCy = g:l SCpy (18)

standing crop estimate for week w

regional standing crop estimate calculated in
Equations 16 and 20

*Yolumes of unsampled strata were added to the volumes of an adjacent
stratum according to the rules for stratum volumes in Section 2.6.2.
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12
SE(SCy) = }:1 [SE(SCrw)12 (19)
rs

where
SE(SCy) = standard error of standing crop estimate for week w
SE(SCry) = standard error of regional standing crop estimate

calculated in Equations 17 and 21

An estimate of regional standing crop (and standing error) for the BSS was ob-
tained by multiplying CPUE and the surface area of the shore zone and dividing
by the empirically derived estimate of the area sampled by the 30.5-m beach
seine (Equations 20 and 21). The weekly estimate of standing crop for the
shore zone was calculated as the sum of the 12 regional standing crops (Equa-
tions 18 and 19).

where
SCpy = standing crop estimate for the shore zone in region r
during week w
Cry = average regional CPUE calculated in Equation 12
A~ = surface area (m2) of the shore zone in region r
A = surface area (m2) sampled by the beach seine (450 m?)
(TT 1981)
SE(SC,»W) = .[i(gr‘xﬂ_(ﬂr). (21)
where
SE(SCry) = standard error of standing crop estimate for the
shore zone in region r during week w
SE(Cpy) = standard error of average regional CPUE calculated

in Equation 13
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2.6.3.2. MWeekly Combined Standing Crop (CSC). The weekly combined standing
crop is an estimate of the abundance of white perch and striped bass YOY for
each week of samples taken in the Hudson River between river miles 12 and
152. During the fall surveys, weekly combined standing crop was estimated by
a six-step process used to combine data from the Fall Shoals (FSS) and Beach
Seine Surveys (BSS):

® Adjust the standing crop of the shoal stratum for area
sampled in the shore zone

® Sum the stratum standing crops within a region for each sur-
vey

® Adjust regional standing crop estimates from each survey for
gear efficiency

¢ Sum the regional standing crops for each week for each survey
® Estimate standing crops for unsampled weeks of each survey

@ Combine weekly standing'crcp estimates from the two surveys.

The standing crop of the shoal stratum was reduced by 25% prior to summation
of the three strata standing crop estimates for each region. This adjustment
was made in order to reduce overlap between the shoal stratum (0-6 m) sampled
in the FSS and the shore zone (0-3 m) sampled under the BSS. It was based on
the assumption that the shore zone contains 25% of the shoal stratum water if
the bottom slopes uniformly from 0 to 6 m.

The regional standing crop estimates were then adjusted for gear efficiency.
For FSS samples, gear efficiency for both the epibenthic sled and the Tucker
trawl was assigned a value of 0.5. Species-specific gear efficiency adjust-
ments designed to account for night/day differences between the two fall sur-
veys were used for BSS data. The beach seine catch efficiencies were empiri-
cally estimated (TI 1978, 1979) as 0.255 for Juvenile striped bass and 0.182
for juvenile white perch. The night/day ratios were 2.136 and 1.685 for
striped bass and white perch, respectively.
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The epibenthic sled that had been used historically since 1974 was replaced
with a beam trawl beginning with the 1985 FSS and was used in the present
studies as well. Studies conducted by NAI (1986) in which the two gear were
sampled in the same region found statistically significant, species-specific
differences in catch between the two sampling devices. Adjustment factors
based on these relative catches were developed (Table 2-18) to estimate beam
trawl gear efficiency (based on the assumed gear efficiency for the epibenthic
sled) so that data collected from 1985 to the present could be compared with
data collected prior to 1985. When an adjustment resulted in a revised gear
efficiency greater than 100%, gear efficiency was assumed to be 100%.

After the FSS and BSS regional standing crops were adjusted, the 12 regional
values were summed to estimate the adjusted standing crop for each week
sampled. These four steps are summarized for the BSS and FSS in Equations 22
and 23, respectively.

re
5C, 5 Z;rs (SCpy. g) g | (22)
where
SCW,B = adjusted standing crop during week w of the BSS
SCrw,B = standing crop estimate calculated in Equation 20
C = catch efficiency of beach seine during the day
R = ratio of night/day beach seine catches.
r¢ = first region included in the index
re = last region included in the index
re 3
SC, ¢ = Z %F (0.75) (SC, )+ Z SCy e (23)
r=rg k=2
where
SCw,F = adjusted standing crop during week w of the FSS
2-25
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TABLE 2-18

ADJUSTMENT FACTORS FOR THE BEAM TRAWL
TO STANDARDIZE VALUES WITH THOSE OF THE
EPIBENTHIC SLED

SPECIES ADJUSTMENT FACTOR
Striped bass 4
White perch 13
American shad 0.1
Bay anchovy 0.02
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= gear efficiency adjustment for the FSS (0.5)

-n
|

SCkrw = standing crop estimate calculated in Equation 14
k1 = shoal stratum
ko = bottom stratum
k3 = channel stratum

FSS and BSS sampling was conducted in alternate weeks. Therefore, for weeks
when the shore zone was not sampled, the standing crop for that stratum was
set equal to that of the previous week. Standing crops missing from the FSS
data were assigned the mean of the standing crops for the previous and the
following weeks.

The final step in the calculation of weekly combined standing crop was to add
the BSS adjusted weekly standing crop to the FSS adjusted weekly standing crop
to obtain a weekly estimate incorporating data from both surveys.

Equation 24 was used to estimate the standard error of the adjusted standing
crop for the FSS; Equation 25 was used to estimate the standard error of the
BSS adjusted standing crop (Kendall and Stewart 1977). The standard error of
the weekly combined standing crop was computed as the square root of the sum
of the squared estimates (Equation 26).

2 2
(0.75) SE(SC ) SE(SC )
_ k1,r,wW ko,r.w
SE(SC, §) = E + Ee (24)
2
SE(Squ,r,w)
* E
F

where

SE(SCrw F) = standard error of adjusted standing crop for region r,
i during week w of the FSS

SE(SCkry) = standard error of stratum standing crop calculated in

Equation 14
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B
k1
k2
k3
where
SE(SCrw’B)
SCrw
VR
R
vC
C
SE(SCpy)
where
SE(CSCy)
SE(SC,, F)
SE(SCrw,B)

gear efficiency adjustment for the FSS (0.5)
shoal stratum
bottom stratum

channel stratum

C VR . VC . [SE(SCry)1%
SE(SC.. .) = SC = / AL rw. (25)
rw,B rw,B R R2 2 Scrwz

standard error of adjusted standing crop for region r,
during week w of the BSS

regional standing crop calculated in Equation 20
variance of night/day catch ratio

night/day catch ratio

variance of beach seine catch efficiency

catch efficiency of beach seine during the day

standard error of regional standing crop estimate
calculated in Equation 21

r
SE(CSC,) = il[ss(scm,F)Z + ss(scm’B)Z] (26)

standard error of weekly CSC estimate

standard error of adjusted standing crop for the
FSS calculated in Equation 24

standard error of adjusted standing crop for the
BSS calculated in Equation 25

2.6.3.3 Coordinate Pair Index. Computation of the coordinate pair index

involves a two-step process:
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o Calculation of weekly average CPUE values for the BSS
and FSS programs

o Rank transformation of the weekly average CPUE values to
calculate the index and test for significant differences
among years

Each step in this procedure is detailed below.

Weekly average CPUE for the beach seine component of the index was calculated
as the weighted mean of average regional CPUE values. The weighting factor
used was the percentage of the 284 sampleable beaches occurring in a region
(Table 2-19). The formula for the calculations of the beach seine component
of the coordinate pair index is presented in Equation 27.

12
2. (Br){Crw)

BSy = r=1 (27)
12
2., Br
r=1
where

BSy = beach seine average CPUE in week w

B = number of sampleable beaches in region r

Cpry = average regional CPUE (as calculated in Equation 12)

Weekly CPUE for the offshore component was calculated by first computing
weekly strata densities for each stratum of the river using Equation 28:

Dwrk = (28)

2-28
Lawler. Matusky & Skellv Engineers



TABLE 2-19

REVISED VOLUME (m3) ESTIMATES USED FOR WEIGHTING STRATA
MEANS@ AND NUMBER OF BEACHES USED FOR WEIGHTING REGIONAL MEANS

OF ABUNDANCE FOR THE COORDINATE PAIR INDEX

BOTTOM SHOAL NUMBER OF

REGION VOLUME VOLUME BEACHES
Yonkers 0 5,784,084 15
Tappan Zee 20,377,231 26,405,643 25
Croton-Haverstraw 10,665,784 11,698,493 25
Indian Point 10,961,311 2,744,651 22
West Point 8,520,739 0 9
Cornwall 12,060,110 1,766,407 15
Poughkeepsie 20,719,147 0 30
Hyde Park 10,499,936 0 17
Kingston 11,637,437 0 11
Saugerties 14,953,185 0 20
Cétskil] 13,868,236 0 41
Albany 4,433,636 0 _54
284

aFor bottom and shoal strata.
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where

Dyrk = estimated density in stratum kp of region r during
' week w

nkr = number of sampies taken in stratum k, of region r
Cwrk i = number of fish caught in sample i in stratum kg
r of region r during week w
Vwrkri = volume of sample i in stratum kp of region r

during week w

Offshore data from 1985-1987 were adjusted for relative gear efficiency since
the beam trawl replaced the epibenthic sled for sampling the bottom and shoal
habitats during these years. The adjustment factors correspond to modified
bottom and shoal strata volume estimates used to correct offshore density
estimates for comparison with epibenthic sled data collected in previous
years. They were calculated from data presented in the 1985 Year Class Report
(NAI 1986) and are presented in Table 2-19.

These strata density estimates were then combined to form a weekly offshore
average density estimate (Equation 29). Percent volumes contained in each
stratum were used to weight strata density estimates. The volumes used in
calculating the coordinate pair index differed from those used in weighting
the CSC index values in that only the volume from which random samples were
collected was used in these computationsQ In the CSC calculation bottom
volumes used for calculation of standing crop estimates were defined by the
portion of the river within 3 m of the bottom. However, since sampling by the
epibenthic sled was limited to the volume within 1 m of the bottom, bottom
volumes were reduced to reflect this more limited area, which was actually
subject to random sampling. Similarly, assumed shoal volumes used to compute
the CSC index (the portion of the region between 3 and 6 m in depth) were
larger than the volumes actually subject to sampling. In the FSS, sampling
was limited to the shoal bottom using an epibenthic sled and inspection of the

2-29
Lawler. Matusky & Skelly Engineers



data indicated that shoal sampling occurred regularly to depths as shallow as
2 m. Therefore, the corrected shoal volumes correspond to that portion of the
river between 2 and 6 m in depth and within 1 m of the bottom.

r k e
Z: 2: (Vrk ) (Dyrk )
=7s r r

Kr=kps (29)

where
Dy = average offshore density estimate for week w
Dwrk = estimated stratum density calculated in Equation 34
r
Vrk, = volume weighting factor for stratum k. in region r

r¢ = first region included in the index
re = last region included in the index
krg = first stratum included from region r in the index

kre = last stratum included from region r in the index

After weekly average CPUE values were computed, all weeks in all years were
ranked and the mean rank for each year was computed. A Kruskal-Wallis non-
parametric analysis of variance was performed on the rank-transformed data to
test for among-year differences (Conover 1971). A nonparametric multiple com-
parison procedure was then performed on the mean ranks for each year to assess
particular differences among years (Daniel 1978). These procedures were con-
ducted independently on each of the two strata of the index.

2.6.4 Temporal and Geographic Distribution Indices

Distribution indices were computed to facilitate presentation of changes in
distribution of selected species and life stages through time and space. A
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geographic index that collapses data over weeks was calculated for LRS and BSS
data as the relative density in each region (Equation 30). To allow compari-
sons of 1986 and 1987 data with historical data, only April through July data
were used for LRS: data from weeks 33 to 40 (where week 1 is the first Monday
In all cases, data were used only when all

in January) were used for the BSS.
12 regions were sampled.

ly
2 Drwy
G - w=1
ry 12 %f
Dp
2;1 w=1 i

(30)

Gry = geographic index for region r in year y

Drwy = regional density for week w in year y calculated in
Equation 10 (or regional CPUE calculated in Equation

- 12 for BSS)

Ny = number of weeks sampled in year y

A temporal index that collapses data for the entire river was computed for
early life stages from LRS standing crops (Equation 31).

SCuy

Twy iy

2: SCwy
w=1

where

Twy = temporal index for week w in year y

w

(]
£
<
1

Equation 18

Ny = number of weeks sampled in year y

2-31

(31)

= weekly standing crop estimate in year y calculated in
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2.6.5 Growth

Growth in length of larval and juvenile fishes has been described using a num-
ber of techniques, including successive exponential segments, Gompertz, and
logistic growth functions (Zweifel and Lasker 1976; Ricker 1979). Under lab-
oratory conditions early growth of an individual is marked by (1) an initial
period of slow growth, (2) a middle period of rapid growth, and (3) a late
season period of slow growth. This sigmoid growth pattern results from the
function of anabolic and catabolic processes. Early in the season water tem-
peratures are low and nutritional requirements are met solely from absorption
of the yolk-sac. At the onset of feeding growth increases rapidly; increased
size brings about increased feeding success, increased prey-searching ability
through increased swimming speed and sensory capabilities, and increased
ration size through an increase in the ability to handle larger prey items
(Hunter 1981). Increasing water temperatures during this period serve to in-
crease the metabolic rate. As the season progresses, decreasing temperatures,
decreasing day length, and reduced food availability result in slower growth.

Unfortunately, size variability and size-selective sampling makes the descrip-
tion of growth rates from wild populations somewhat difficult to ascertain.
Larvae are generally too small to be retained by the relatively coarse mesh
size used in beach seines and trawls and must be sampled with fine mesh nets.
Due to their increased swimming and sensory capabilities, however, larvae be-
come increasingly less vulnerable to ichthyoplankton sampling gears (Clutter
and Anraku 1968; Hunter 1981). Since all larvae are not the same size at any
given time, the size selectivity in ichthyoplankton sampling gear results in
growth indices that increasingly underestimate the mean size as the season
progresses while size selectivity in the beach seine and trawls results in the
overestimate of mean size until the smallest individuals have reached recruit-
ment size. The situation is exacerbated by a protracted spawning period since
small individuals are added to the population over an extended period of time.
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Estimates of population growth rates for larval and juvenile Hudson River
fishes were made from mean length data collected during the 1984 through 1987
sampling programs. Two methods were used, one based on successive exponential
segments - a log-linear growth model - and another using the logistics growth
model. For the log-linear model size-selection bias is minimized by 1imiting
the analysis to the period of presumably full recruitment that occurs after
juvenile fish become vulnerable to sampling gear. This has the disadvantage
of estimating growth rates from a limited number of observations and it may
also be influenced to some degree by size selectivity in the initial observa-
tions. The logistics growth model is estimated from a larger number of obser-
vations; however, it may also be influenced to some degree by size selectivity
in the initial observations.

2.6.5.1 Log-Linear Growth Model. The log-linear growth model assumes expon-
ential or log-linear growth: (1) from hatching to full recruitment to the
beach seine, and (2) from full recruitment to 60 mm (Figure 2-8). Previous
Year Class Reports have defined full recruitment size for striped bass and
white perch as 30 and 25 mm, respectively (TI 1980a,b). Based on 1984 data,
the recruitment size of American shad is 30 mm (MMES 1986).

The dates on which the population mean length reached recruitment size and 60
mm were determined from the following relationship:

n (Lt) = In (Lg) + B(t) (32)
where
L+ = mean length at time t
Lo = predicted mean length at time 0
8 = instantaneous growth rate
t = number of days since 1 May

The coefficients Lg and & were estimated using ordinary least-squares regres-
sion analysis on log-log transformed BSS data. After solving for Lg and &,
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the equation was rearranged to solve for the dates on which full recruitment
and 60 mm TL were reached.

Generally, only the weekly mean lengths from the first sampling period in July
to the first week when the mean total length exceeded 60 mm TL were used in
the regression analyses. In some cases, however, this criterion left only one
to three observations. In order to increase the number of observations in
these cases, the mean YSL length from the midweek of peak YSL abundance was
jncluded as an additional observation.

The growth rates from hatching to recruitment size were calculated using Equa-
tion 33, and the growth rates from recruitment size to 60 mm were calculated
using Equation 34.

r-1Lp
G = 33
L= Tr - 1g (33)
where

G_ = growth rate of larvae and early juveniles between hatching

and recruitment size

r = TL (mm) at which full recruitment to the beach seine is
accomplished

Lo = mean length of YSL (or length at hatching for striped bass)

Tr = number of days since 1 May when length r was reached, esti-
mated using Equation 32

Tog = number of days since 1 May to the midpoint of the week of
YSL (or peak egg for striped bass) standing crop
_80-r
8 = Te0 - 17 (34)
where
Gy = growth rate of juveniles between recruitment size and

60 mm TL
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Teg = number of days since 1 May when 60 mm was reached, estimated
using Equation 32

To determine the growth rate from hatching to recruitment size (G_), the
date of hatching for striped bass was defined as the midpoint of the week of
peak egg abundance and mean length at hatching was taken as 4.0 mm. This
length selection is based on reports by Westin and Rogers (1978) that mean
hatching lengths were between 3.25 and 4.71 mm when hatching was completed at
18°C. The peaks in white perch and American shad egg abundance exhibited by
the LRS samples may not accurately reflect peak abundance in the river because
of the demersal nature of the eggs of these species. Therefore, the midpoint
of the week of peak YSL abundance, rather than eggs peaks, was used in larval
growth rate estimates. The larval abundance peaks were determined from the
standing crop estimates from the LRS.

2.6.5.2 Logistics Growth Model. Weekly mean lengths (Lt) and the midpoint
of the sampling weeks (t) were used to fit the logistics function (Equation
35):

- K
1 + e(A - Rt)

Lt (35)

The coefficients K, R, and A were derived from the least-squares fit of Equa-
tion 35. Equation 35 was rearranged to solve for the dates when recruitment
size and 60 mm were reached. Using these dates, the growth rates from hatch-
ing to recruitment size and from recruitment size to 60 mm were calculated
using the first derivative of the logistic function in the form of Equation
36. The date for hatching for striped bass and peak yolk-sac larvae abundance
for white perch and American shad were the same as those estimated for the
log-linear model growth estimates.

ty
(A - RT1) |
G =/ Rke S| /at (36)
1+ e(A - RTl)
to
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where
G = average daily growth rates of larval and early juveniles
between hatching and recruitment size or juveniles between
recruitment size and 60 mm

number of days since 1 April to the midpoint of the week of

tg =
peak egg (or YSL) standing crop or when recruitment to the
beach seine is complete, estimated using Equation 34

t; = number of days since 1 April to the date when recruitment

to the beach seine is complete or 60 mm is reached, esti-
mated using Equation 34

2.6.6 Center of Abundance Index

To determine relative differences in the movement of size-specific fish dis-
tributions over time, an index of the center of abundance was used. Because
relative movement of the distribution is the point of interest, it is not nec-
essary for the location of the center of abundance to be the true location of
the highest population density. Size-specific population centers were calcu-
lated using the following equation:

_ n n
Ci= (X, RMjj CPUEjj)/ 2. CPUEjj (37)
J:‘l J='|
where
Ei = center of abundance for ith size group
RMij = river mile of capture of ith size group during jth
collection
CPUEjj = catch per unit effort for ith size group during jth

collection

n = number of collections

The relative changes over time among cj values can be used as an indicator of
differences in temporal migration.
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CHAPTER 3

WATER QUALITY

Two water quality surveys were conducted in conjunction with fish sampling:
the Longitudinal River/Fall Shoals (LRS/FSS) and the Beach Seine (BSS) sur-
veys. This chapter emphasizes results from the LRS/FSS water quality survey
since it is the only one to encompass the entire fish sampling period. How-
ever, water temperature, salinity (converted from conductivity measurements),
and dissolved oxygen (DO) data are discussed for both surveys. Freshwater
flow data obtained from the USGS gauging station at Green Island, New York,
were used to assist in further describing and interpreting water quality pat-
terns in the Hudson River. Water quality information from the 1986 and 1987
surveys is presented in Appendix B.

3.1 1986 SURVEY

3.1.1 Temperature

Mean water temperature measured during the LRS/FSS water quality survey in-
creased from the beginning of sampling in April to the end of July, stayed
relatively constant through August, and then decreased gradually from Septem-
ber until the end of the sampling program in November (Table 3-1). Peak tem-
peratures occurred during the week beginning 4 August when the riverwide mean
was 25.4°C and regional mean values were between 24.5 and 26.1°C (Appendix
B). Lowest values occurred during the last week of sampling when mean river-
wide temperature was 5.3°C and regional temperatures ranged from 2.6 to 8.6°C.

A comparison of 1986 temperature patterns with those of previous years (Ap-
pendix D in Versar 1987) indicates lower peak values in 1986 than in most of
the other years. No mean weekly regional temperature exceeded 26.7°C in

1986. Peak regional values regularly exceeded 27°C in previous years and even
exceeded 30°C in 1982.
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WEEKLY MEAN TEMPERATURE, SALINITY, AND
DISSOLVED OXYGEN VALUES MEASURED IN THE

TABLE 3-1

HUDSON RIVER LRS/FSS WATER QUALITY SURVEY IN 1986

DISSOLVED

WEEK TEMPERATURE SALINITY OXYGEN

BEGINNING (°C) (ppt) (mg/1)
28 Apr 12.4 1.6 9.7
05 May 13.4 2.2 9.9
12 15.3 2.2 10.1
19 17.8 2.3 9.9
26 20.0 0.7 8.5
02 Jun 20.7 1.4 8.1
09 21.0 1.3 8.4
16 21.4 1.6 7.8
23 21.7 0.4 8.3
30 22.3 1.5 8.2
07 Jul 23.7 2.6 8.3
21 25.0 2.5 7.1
04 Aug 25.4 2.2 6.8
18 25.4 1.2 6.8
01 Sep 22.3 3.0 6.9
15 20.7 2.7 7.4
29 20.0 3.0 7.7
13 Oct 16.1 2.6 8.7
27 14.0 3.3 9.1
10 Nov 9.8 1.5 9.7
17 5.3 0.2 11.1
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The highest mean regional temperature (pooled over all dates) was found in the
Croton-Haverstraw region (Table 3-2), the lowest in the Albany region, but the
difference between the two values was less than 1.5°C. The upper estuary was
generally warmer than downriver areas during the spring, but was several
degrees colder in the fall (Figure 3-1), a pattern also observed in previous
years (Appendix D in Versar 1987).

Weekly mean temperatures in the BSS were highest in late July and August just
after the program started (Table 3-3). Temperatures fell rapidly in October
from 18.0°C during the week of 6 October to 7.2°C by mid-November. Temporal
patterns in the BSS temperature data were generally in agreement with LRS/FSS
measurements.

The highest mean regional temperature in the BSS (pooled over all dates) oc-
curred in the Indian Point region, the lowest in the Albany region (Table
3-4). Unlike the LRS/FSS, the difference in mean temperature among regions
was more than 3°C. The BSS, however, focuses primarily on the last weeks of
the LRS/FSS, when the upper estuary was several degrees colder than the lower
or middle estuary.

3.1.2 Salinity

Mean weekly salinity measured during the LRS/FSS water quality survey gener-
ally increased from late April through October (Table 3-1). The lowest mean
salinity in the estuary occurred during the week of 23 June, when the water
was fresh in all regions from Indian Point through Albany. The highest weekly
mean value, 3.3 ppt, occurred during the week of 27 October.

This salinity pattern can be explained in part by patterns of freshwater flow
(Tables 3-5 and 3-6). During April-May, mean flow was 512 m3/sec. Average
flow dropped by 38% in June-July (to 316 m3/sec) and by another 17% in August-
September (to 262 m3/sec). Flow nearly tripled (320-365 m3/sec) on 23 and 24
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TABLE 3-2

REGIONAL MEAN TEMPERATURE, SALINITY, AND
DISSOLVED OXYGEN VALUES (POOLED OVER ALL WEEKS) MEASURED
IN THE HUDSON RIVER WATER QUALITY SURVEY IN 1986

DISSOLVED
TEMPERATURE SALINITY OXYGEN
REGIONAL (°C) (ppt) (mg/1)
YK 18.5 9.0 7.7
TZ 19.0 4.5 8.5
CH 19.5 2.6 8.4
Ip 19.3 1.4 8.1
WP - 19.0 0.5 8.1
CwW 19.0 0.1 8.4
PK 18.7 0.0 8.4
HP 18.3 0.0 8.7
KG 18.3 0.0 9.2
SG 18.4 0.0 9.5
cs 18.3 0.0 9.1
AL 8.2 0.0 8.7

Note: See Figure 2-1 for explanation of regjon abbreviations.

3-2A



v —dH 4addn
Aionysy

ANd—dl 2IPPIN
IUlv_% JomMOoOT]
ajo(
- - N - ~ -~ [ - [ ) [ [ N — S (S ~ — - > N
~i (= ~ [ © [ - o - - ~ [} [ o © ~ S © S w [s5]
= = < < %23 [2) [%) > > N < o SN <« < . = = = = R
(o [ () [ [as] ™~ ™~ < < < < < < < < < = > R kS ©
< < - -~ o o R (=1 o —~ — = = = = = - ~ ~ ~ el
Q A i 1 1 L L I 1 1 1 e 1 X A 1 1 L _m
9
b
<
4]
Wil o
35
l
4}
G133
0
]
a
g1 c
C
-
[0}
L e
@)
N~
v
L
0¢

9861 Ul J8ALY UOSpNH 2y} Jo AsAuns
Aonb ue1om S5 4,/ a4y Ul paunsoauw aunjouadwal ubsw Apaam

1-€ 34NODI4

3-28



TABLE 3-3

WEEKLY MEAN TEMPERATURE, SALINITY, AND DISSOLVED OXYGEN
VALUES MEASURED IN THE HUDSON RIVER BSS IN 1986

DISSOLVED

WEEK TEMPERATURE SALINITY OXYGEN
BEGINNING (°C) (ppt) (ma/1)
14 Jul 24.6 2.5 8.5
28 25.5 1.5 7.0
11 Aug 25.8 1.2 8.7
25 24.0 0.9 8.6
08 Sep 22.2 2.5 8.1
22 20.2 2.4 7.8
06 Oct 18.0 1.8 8.9
20 15.3 0.7 9.5
03 Nov 12.0 2.8 9.5
17 7.2 1.0 11.0
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TABLE 3-4

REGIONAL MEAN TEMPERATURE, SALINITY, AND DISSOLVED
OXYGEN VALUES (POOLED OVER ALL WEEKS) MEASURED IN
THE_HUDSON RIVER BSS IN 1986

DISSOLVED
TEMPERATURE SALINITY OXYGEN
REGIONAL Q) {(ppt) (mg/1)
YK 20.2 8.1 7.6
TZ 19.8 4.3 9.0
CH 20.2 2.5 8.5
Ip 20.8 1.6 8.2
Wp 20.1 0.4 8.0
CW 19.9 0.2 9.5
PK 19.7 0.0 8.5
HP 18.6 0.0 8.8
KG 18.0 0.0 9.1
SG 18.2 0.0 9.6
CS 18.6 0.0 10.2
AL 17.3 0.0 9.0

Note: See Figure 2-1 for explanation of region abbreviations.
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TABLE 3-5

LONG-TERM (1918—1985) AND 1986 MEAN DAILY FRESHWATER
FLOW (m3/sec) RECORDED AT GREEN ISLAND, NEW YORK

FLOW (mJ/sec)

1986 [ONG-TERM LONG-TERM — LONG-TERM
MONTH _ AVERAGE AVERAGES MINIMUM MAXIMUM
Jan 308 371 91 961
Feb 358 361 86 885
Mar 1,011 639 178 1,595
Apr 683 881 290 1,461
May 342 546 137 1,156
Jun 404 277 92 839
Ju] 228 194 81 637
Aug 307 157 70 414
Sep 218 180 81 612
oct 337 240 72 854
Nov 545 354 93 929
Dec 524 401 123 948
Annual  439b 384

Average

aSimple mean of monthly means.
bMean of monthly means weighted by number of days/month.
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June, the period of lowest mean salinity, from its average of 118 m3/sec dur-
ing the previous week.

As might be anticipated, mean salinity was highest in the Yonkers region and
declined quickly with distance upriver (Table 3-2). The highest weekly mean
value in this region was 13.8 ppt (Appendix B). The region farthest upriver
that had a mean salinity greater than zero was Cornwall.

Similar to previous years, salinity in 1986 was consistently higher in the
lower estuary from May through October than in the middle and upper segments
for the same period (Figure 3-2). Mean salinity in the upper estuary remained
at or near zero throughout the study period.

The salinity patterns observed in the BSS were similar to those observed in
the LRS/FSS water quality survey. Mean salinity was highest in the Yonkers
region and decreased upstream (Table 3-4); mean weekly salinity never exceeded
0.5 ppt in any region north of Cornwall. Mean weekly salinities for the river
exceeded 0.7 ppt in all weeks, with a high value of 2.8 ppt in early November
(Table 3-3).

3.1.3 Dissolved Oxygen

DO values measured during the LRS/FSS water quality survey were highest in May
and November, with weekly mean values for the river exceeding 8 mg/1 until
mid-June (Tab]e 3-1). DO values were lowest in midsummer, with more than half
the weekly mean values falling below 7 mg/1 from early August through mid-Sep-
tember. DO values increased again in the fall.

This pattern of oxygen decline during summer has been observed in all previous
Year Class Reports (MMES 1986) and is primarily attributable to the higher
temperatures during the warmer months (Figure 3-3). The lowest weekly mean DO
value observed in 1986 is within the range of historical values. The highest
has been exceeded 1in many years, but these higher historical values were
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associated with earlier studies when sampling schedules extended into colder
months.

DO values were generally similar in the different segments of the river, vary-
ing by about 2 mg/1 (Figure 3-3), and were several milligrams per liter higher
at the end of the surveys (i.e., fall) than in midsummer, coincident with
Tower temperatures at that time. Percent oxygen saturation was higher in the
upper estuary than in the rest of the river in June, July, and August (Figure
3-4). Highest regional mean DO (pooled over all dates) occurred in the Sau-
gerties region, the lowest in Yonkers (Table 3-2).

DO patterns in the BSS were similar to those in the LRS/FSS: highest values
in the fall (Table 3-3) and no consistent regional longitudinal pattern (Table
3-4). DO values were generally about 1 mg/1 higher in the BSS than in the
LRS/FSS when regional/weekly means are compared. This is consistent with sim-
ilar comparisons made in previous years and may be related to diel changes in
oxygen; the BSS is conducted during the day (when oxygen concentrations are
expected to be highest), the LRS/FSS at night.

3.2 1987 SURVEY

3.2.1 Temperature

Mean water temperature meaSured during the LRS/FSS water quality survey gener-
ally increased from the beginning of sampling in April to the end of July and
then decreased from September until the program's end in early November (Table
3-7). Peak temperatures occurred during the week beginning 27 July when the
riverwide mean was 26.9°C and regional mean values were between 26.4 and
27.9°C (Appendix B). Lowest values occurred during the last week of sampling
when mean riverwide temperature was 9.5°C and regional temperatures ranged
from 8.9 to 10.1°C.

Lawler, Matusky & Skelly Engineers
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TABLE 3-7

WEEKLY MEAN TEMPERATURE, SALINITY, AND
DISSOLVED OXYGEN VALUES MEASURED IN
THE HUDSON RIVER LRS/FSS WATER QUALITY SURVEY IN 1987

DISSOLVED

WEEK TEMPERATURE SALINITY OXYGEN
BEGINNING (°C) (ppt) (mg/1)
13 Apr 9.5 1.1 10.7
20 12.08 0.08 10.14
27 11.4 1.8 9.5
04 May 12.1 1.2 9.4
11 14.4 2.9 8.7
18 16.0 2.6 9.0
25 17.4 2.7 8.7
01 Jun 19.9 2.6 9.0
08 19.7 3.5 7.8
15 21.7 2.9 7.6
22 22.8 3.3 6.8
29 23.2 3.1 6.7
06 Jul 23.9 3.4 7.6
13 25.8 2.8 7.7
27 26.9 3.3 8.3
10 Aug 25.3 3.3 6.5
24 24.4 3.7 6.7
07 Sep 22.5 2.7 6.8
21 20.0 1.9 7.3
05 Oct 15.4 1.0 9.6
19 12.5 2.9 9.8
02 Nov 10.9 0.3 10.3

dYonkers and Tappan Zee regions not sampled during this week.

3-4B



A comparison of 1987 temperature patterns with those of previous years (Appen-
dix D in Versar 1987) indicates that riverwide peak temperatures occurred
earlier than in most of the other years. In previous years peak values regu-
larly occurred in August except in 1975, 1976, 1979, and 1985.

The highest mean regional temperature (pooled over all dates) was found in the
Croton-Haverstraw region (Table 3-8), the lowest in the Kingston region, but
the difference between the two values was less than 1.6°C. The upper estuary
was generally warmer than downriver areas during the spring, but was several
degrees colder in the fall (Figure 3-5), a pattern also observed in previous
years (Appendix D in Versar 1987).

Weekly mean temperatures in the BSS were highest in late July and August
(Table 3-9). Temperatures fell rapidly in late September, from 18.9°C during
the week of 28 September to 7.4°C by early November. Temporal patterns in the
BSS temperature data were generally in agreement with LRS/FSS measurements.

The highest mean regional temperature in the BSS (pooled over all dates) oc-
curred in the Croton-Haverstraw region, the lowest in the Albany region (Table
3-10). Unlike the LRS/FSS, the difference in mean temperature among regions
was more than 2.5°C. The BSS, however, focuses primarily on the last weeks of
the LRS/FSS, when the upper estuary was several degrees colder than the lower
or middle estuary.

3.2.2 Salinity

Mean weekly salinity measured during the LRS/FSS water quality survey gener-
ally increased from April through August and decreased from September to Nov-
ember (Table 3-7). The lowest mean salinity in the estuary occurred during
the week of 2 November, when the water in all regions from Croton-Haverstraw
through Albany was fresh., The highest weekly mean value, 3.7 ppt, occurred
during the week of 24 August.

3-5
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TABLE 3-8

REGIONAL MEAN TEMPERATURE, SALINITY, AND
DISSOLVED OXYGEN VALUES (POOLED OVER ALL WEEKS) MEASURED
IN THE HUDSON RIVER LRS/FSS WATER QUALITY SURVEY IN 1987

DISSOLVED
TEMPERATURE SALINITY OXYGEN
REGIONAL (°c) (ppt) (mg/1})
YK 18.7 9.9 7.4
TZ 19.2 5.9 8.2
CH 19.7 3.8 8.2
IP 19.4 2.7 8.0
WP 18.9 1.3 8.4
- CW 18.9 0.5 8.7
PK 18.7 0.1 8.3
HP 18.6 0.0 8.4
KG 18.1 0.0 9.0
SG 18.2 0.0 9.1
cS 18.5 0.0 9.2
AL 18.6 0.0 8.5

Note: See Figure 2-1 for explanation of region abbreviations.
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FIGURE 3-5
Weekly mean temperature measured in the LRS/FSS water quality

survey of the Hudson River in 1987
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TABLE 3-9

WEEKLY MEAN TEMPERATURE, SALINITY, AND DISSOLVED OXYGEN
VALUES MEASURED IN THE HUDSON RIVER BSS IN 1987

DISSOLVED

WEEK TEMPERATURE SALINITY OXYGEN
BEGINNING {°C) (ppt) (mg/1)
22 Jun 24.8 3.1 8.5
06 Jul 24.2 2.2 8.0
20 27.6 2.1 8.4
03 Aug 27.2 2.8 8.3
17 27.7 2.7 9.3
31 23.0 3.0 7.9
14 Sep 22.5 1.4 8.3
28 18.9 1.0 8.7
12 Oct 13.0 0.3 10.6
26 12.0 1.8 10.2
09 Nov 7.4 0.4 12.2

3-5C



TABLE 3-10

REGIONAL MEAN TEMPERATURE, SALINITY, AND DISSOLVED
OXYGEN VALUES (POOLED OVER ALL WEEKS) MEASURED IN
THE HUDSON RIVER BSS IN 1987

DISSOLVED
TEMPERATURE SALINITY OXYGEN
REGIONAL (°C) (ppt) (mg/1)
YK 21.6 6.8 8.6
TZ 21.5 4.5 9.7
CH 22.0 3.1 9.4
IP 21.8 2.4 8.7
WP 20.3 0.7 8.2
CW 20.3 0.5 9.3
PK 20.4 0.0 8.7
HP 20.5 0.0 9.2
KG 20.0 0.0 9.7
sG 19.6 0.0 9.7
cs 20.0 0.0 9.8
AL 19.4 0.0 9.2

Note: See Figure 2-1 for explanation of region abbreviations.
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This salinity pattern can be explained in part by patterns of freshwater flow
(Tables 3-6 and 3-11). During April, mean flow was 897 m3/sec. Average flow
dropped by 83% in May-June (to 149 m3/sec) and by another 6% in July-August
(to 140 m3/sec). The flow then tripled to 403 m3/sec during September-Octo-
ber, which caused the salinity to decline over this two-month period.

As might be anticipated, mean salinity was highest in the Yonkers region and
declined quickly with distance upriver (Table 3-8). The highest weekly mean
value in this region was 13.5 ppt (Appendix B). The region farthest upriver
that had a mean salinity greater than zero was Poughkeepsie.

Similar to previous years, salinity in 1987 was consistently higher in the
lower estuary from May through October than in the middle and upper segments
for the same period (Figure 3-6). Mean salinity in the upper estuary remained
at or near zero throughout the study period.

The salinity patterns observed in the BSS were similar to those observed in
the LRS/FSS water quality survey. Mean salinity was highest in the Yonkers
region and decreased upstream (Table 3-10); mean weekly salinity never ex-
ceeded 0.5 ppt in any region north of Cornwall. Mean weekly salinities for
the river exceeded 0.3 ppt in all weeks, with a high value of 3.1 ppt in late
June (Table 3-9).

3.2.3 Dissolved Oxygen

DO values measured during the LRS/FSS water quality survey were highest in
April and November, with weekly mean values for the river exceeding 8 mg/1 un-
til early June (Table 3-7). DO values were lowest in midsummer, with more
than half of the weekly mean values falling below 7 mg/1 from late June
through mid-September. DO values increased again in the fall.

This pattern of oxygen decline during summer has been observed in all previous
Year Class Reports (MMES 1986) and is primarily attributable to the higher

3-6
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TABLE 3-11

LONG-TERM (1918 1986) AND 1987 MEAN DAILY FRESHWATER
FLOW (m3/sec) RECORDED AT GREEN ISLAND, NEW YORK

FLOW (m°/sec)

19873 LONG-TERM LONG-TERM LONG-TERM
MONTH AVERAGE AVERAGEP MINIMUM MAXIMUM
Jan 263 364 91 961
Feb 201 361 86 885
Mar 596 648 178 1,595
Apr 897 878 290 1,461
May 122 544 137 1,156
Jun 175 279 92 839
Jul 162 195 81 637
Aug 118 160 70 414
Sep 341 181 81 612
Oct 466 241 72 . 854
Nov 415 357 93 929
Dec 412 403 123 948
Annual 3473 384

Average

dprovisional data.
Mean of monthly means weighted by number of days/month.
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temperatures that occur during the warmer months (Figure 3-7). The lowest
weekly mean DO value observed in 1987 is within the range of historical
values. The highest has been exceeded in many years, but these higher histor-
jcal values were associated with earlier studies when sampling schedules ex-
tended into colder months.

DO values were generally similar in the different segments of the river, vary-
ing by about 1-3 mg/1 (Figure 3-7), and were several milligrams per liter
higher at the end of the surveys (i.e., fall) than in midsummer, coincident
with lower temperatures at that time. Percent oxygen saturation was usually
higher in the upper estuary than in the rest of the river in June, July, and
August (Figure 3-8). Highest regional mean DO (pooled over all dates) oc-
curred in the Coxsackie region, the lowest in Yonkers (Table 3-8).

DO patterns in the BSS were similar to those in the LRS/FSS: highest values in
the fall (Table 3-9) and no consistent longitudinal pattern (Table 3-10). DO
values were generally about 1 mg/1 higher in the BSS than in the LRS/FSS when
regional/weekly means are compared. This is consistent with similar compar-
isons made in previous years and may be related to diel changes in oxygen,
especially in the shore zone which has higher concentrations of rooted aquatic
growth; the BSS is conducted during the day (when oxygen concentrations are
expected to be highest), the LRS/FSS at night.

3.3 VARIABILITY AND PREDICTABILITY OF ENVIRONMENTAL PARAMETERS

3.3.1 Temperature

3.3.1.1 Temporal Patterns. One of the primary factors influencing reproduc-
tion, migration, distribution, growth, and survival of fishes in estuaries is
water temperature. To assess variability and predictability of water tempera-
ture in the Hudson River, the long-term records from the Poughkeepsie Water
Works (PWW), Tlocated just north of the City of Poughkeepsie, New York, at Rkm
122 (RM 76) were analyzed. Mean river temperatures from 1951 to 1987 were

3-7
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FIGURE 3-8
Weekly mean percent oxygen saturation measured in the LRS/FSS water quality

survey of the Hudson River in 1987

[A0Nzg
4309,
'13051
F120¢7,
4306
disg,
435y,
EEREA
rd3S/g
0y ¢
‘30Vpg
FINvy
RAAXY
'70P[g
v,
Tnrgy
L7np90
%ansg
anng
Narg,
N g,
LNOF[O
FAVWQZ
AVng
AVALy

—p——r

[¥dyy;
Lé/db’()g

120

NOILYHNLYS NIOAXO LINIDY3d

3-78

'HdV{‘[

60

Date

Lower YK—CH
- -~ Middle IP—PK
----ne--------Upper HP—-AL

Estuary



available for analysis. Although temperatures were recorded daily for most of
this period, beginning in June 1982 they were not recorded on weekends or
major holidays. To fill in the missing values, the temperature from the near-
est preceding day was substituted for the missing points.

Daily variability over the 37-year period of record (1951-1987) is summarized
in Figure 3-9 and detailed in Appendix C. Water temperatures cyclie on an
annual basis, with the low, averaging approximately 1.0°C, occurring in Jan-
vary and February, the high, averaging approximately 25°C, in August. From
April through June temperatures increase at an average rate of approximately
0.2°C per day; from mid-September through mid-December temperatures fall at
the same rate. On corresponding days over the 37-year period the daily Jan-
uary and February temperatures ranged from a low of 0°C to a high of 5°C;
August temperatures ranged from a low of 21.7°C to a high of 27.8°C.

The observed range in temperature variability suggests that if temperature was
the only factor controlling the timing of such biological processes as spawn-
ing or migration, then considerable year-to-year differences would be ex-
pected. For example, striped bass spawning typically occurs when spring tem-
peratures reach approximately 15°C (TI 1981). Therefore, spawning may be ex-
pected as early as 4 May or as late as 5 June. The actual periods of peak
spawning correspond closely to this range. TI (1981) cites the period of peak
spawning as from 6 May through 5 June during 1974-1979.

During the period of record the average annual temperature was 12.38°C (SD=
0.51). On the basis of values greater than + one standard deviation from the
mean, the years 1951, 1960, 1962, 1963, 1972, 1974, and 1976 were cooler than

average; 1957, 1959, 1964, 1968, 1983, 1984, and 1985 were warmer than average
(Figure 3-10).

To further quantify the predictability and variability of Hudson River water

temperatures, a Box-Jenkins (Box and Jenkins 1976) model was fit to weekly av-
erage temperatures (Figure 3-11). The water temperature series was found to

Lawler. Matusky & Skelly Engineers



WINWIXOWN  ——r alluadiad YINE e
9|UBIIRd YIOL WNWIUIN

030  AON 100 43S OD<. ne NAr AVN d3dvY 9vN 834 NV

! L _ 1 ] _ _ , _ _ _
AV

oveer? T

TMTY

(1861 =L GHL) S¥Iom 4910M a1sdaarybnod ~

UONDIIDA AlID(Q

JINLVIAdINHL JILVM - JHATd NOSANH
6-€ IHNOI

4
¥l
9l
8l
0¢
e
144
9¢
8C

(D) s4njousdws

3-8A



JeaA

/861 V861 I861 8l61 G/61 <¢/61L 6961 996F €961 0961 LS61  PS6l 1S61
1 L i 1 ! | L ! ] ' 1 | ] 1 | Il 1 | 1 [l | ) 1 | 1 1 L Il 1 ] 1 i | ] Il @@.O—.

— €211

1S°LL

8Lt

so'cl

gect

og9<¢cl

88'cl

— SL'El

— cb'El

oL'El
SHIOM 191BA Bisdaayybnod

FHNLVHIdNTL H3LVM HIAIH NOSANH
01-€ 34NOId

(D) aimesedwa] fenuuy abeleay
3-8B



09

GLbL GI61l GG6! Gyol

0ol

[’

i

91

8l

0¢

¢c

¥

9¢

8¢

(1861 —1G61) SHIOM I9IOM sisdaaxybnod

JyNLYEIdNTL J3LVM SETANES ZOmQDI
11-€ 34NOId

(D9 sunjodaduwal UD3N Asem

3-8C



be adequately modeled by a second-order autoregressive process (AR2) after
seasonal decomposition and removal of a linear trend. The dominant source of
variation in Hudson River water temperatures was the seasonal cycle, account-
ing for over 99% of the total variation (Table 3-12). Autocorrelation analy-
sis indicated a very high degree of correlation among observations at 52-week,
i.e., one-year, intervals. The weekly coefficients describing this seasonal
cycle are presented in Table 3-13.

The linear trend is described by the relationship xj = 12.15141 + 0.00026311,
where i is weeks since 1 January 1951. Although this component accounts for
only a small proportion of the total variance, less than 0.01%, it compares
favorably with other assessments of recent climatic trends. The coefficient
for this component, 0.0002631 per week, indicates that the average water tem-
perature has increased 0.51°C over the 37-year period. Hansen and Lebedeff
(1987) indicate an approximate 0.7°C rise in temperature over the last 100
years in the northern hemisphere. This equates to a rise of 0.007°C per year
compared to our estimate for the Hudson River estuary of 0.014°C per year.
(We emphasize that this analysis describes past trends. It is not intended to
be used as the basis for predicting future trends.)

After removal of the seasonal and linear trends, a significant amount of the
remaining variation was explained by the high degree of autocorrelation among
observations, i.e., higher than average temperatures during one week tend to
be followed by higher than average temperatures in subsequent weeks; lower
than average temperatures are followed by lower than average temperatures in
subsequent weeks. The autocorrelation function of the series indicated an
exponential dampening, with significant correlations at numerous lag periods;
the partial autocorrelation function indicated significant correlations at
only the first two lag periods, suggesting a second-order autoregressive
model. This conclusion was further supported by examination of the residual

mean sum of squares from various alternative models. The final maximum like-
1ihood solution was:

Lawler, Matusky & Skelly Engineers



TABLE 3-12

COEFFICIENT OF DETERMINATION (r2) AND CUMULATIVE VARIANCE
EXPLAINED FOR POUGHKEEPSIE WATER WORKS TEMPERATURE
(1951-1987) AND GREEN ISLAND FRESHWATER DISCHARGE

(1947-1987) TIME SERIES MODELS

STEP SOURCE ré VARIANCE EXPLAINED

Water Temperature

1 Seasonal cycle 0.9980 799.037
2 Linear trend 0.9980 799.058
3 AR2 0.9995 800.202

Freshwater Discharge

1 Seasonal cyclé 0.3739 799.037
2 Linear trend 0.3742 799.058
3 AR2 0.5776 A 800.202
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TABLE 3-13

SEASONAL COEFFICIENTS FOR WATER TEMPERATURE
AND FRESHWATER DISCHARGE MODELS

WEEK TEMPERATURE FLOW WEEK TEMPERATURE FLOW
1 -10.93 1690.7 27 10.47 -3651.8
2 -11.23 2897.4 28 11.19 -4055.0
3 -11.33 913.8 29 11.95 -3825.1
4 -11.45 -102.3 30 12.43 -4312.0
5 -11.46 919.5 31 12.73 -5558.5
6 -11.44 -521.7 32 12.78 -6177.6
7 -11.34 ~-337.9 33 12.47 -7503.7
8 -11.18 -617.1 34 12.18 -7595.8
9 -10.86 203.0 35 11.81 -7908.2
10 -10.63 511.4 36 11.32 -7843.2
11 -10.15 92.8 37 10.45 -7982.3
12 -9.51 1801.4 38 9.26 -7813.7
13 -8.12 3938.8 39 7.94 -7878.2
14 -6.69 7802.1 40 6.68 -7715.5
15 -5.69 7198.9 41 5.34 -7986.5
16 -4.15 16616.3 42 3.83 -7444.4
17 -2.51 13851.5 43 2.31 -6351.3
18 -0.92 15425.8 44 0.87 -6030.3
19 0.32 16509.1 45 -0.77 -5262.0
20 1.74 13446.2 46 -2.38 -4053.2
21 3.41 12270.2 47 - =3.93 -3079.9
22 4.89 7672.2 48 -5.61 -3055.2
23 6.23 7777 .8 49 -7.15 -2728.4
24 7.54 5209.2 50 -8.64 -90.0
25 8.68 1843.4 51 -9.82 100.9
26 9.63 -1293.6 52 -10.57 82.2
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Xt = 1.0395 x¢-.1 - 0.2376 xt-2 + Zt

where
Xt-1 = detrended and deseasonalized temperature at time t-1
Xt-2 = detrended and deseasonalized temperature at time t-2

Z¢ = random shock

The second-order autoregressive model successfully reduced the residual varia-
tion to randomness, or white noise (Portmanteau test x213 = 16.83, P>0.05).
The small size of the residual variance, 0.4388 (from an initial variance of
800.6413), indicates that average weekly water temperatures are highly pre-
dictable from the time-series model.

To determine periods of unusually high or low temperature, deviations from
weekly average temperatures were examined. A plot of smoothed (5-point moving
average) residuals indicates a'period of cooler than average temperatures dur-
ing the early to mid-1960s and late 1970s (Figure 3-12). Warmer than average
temperatures occurred during the mid- to late 1960s and mid-1980s.

Seasonal variability was examined from the standard deviations of the weekly
temperature residuals. A plot of these values (Figure 3-13) indicates that
variability is lowest, SD=0.4°C, during January and February (weeks 1-8).
Greatest variability, SD>1.3°C, occurred from April through early June (weeks
13-23) and again from late September through early December (weeks 39-49).
Peak variability, SD=1.8°C, occurred during early June. Temperatures are mod-
erately variable during the summer (weeks 24-38).

3.3.1.2 Spatial Patterns. Although the PWW data set provides a relatively
extensive temporal description of Hudson River water temperatures, it does so
for only a single location along the river's length. Since fish generally
have free access to most of the river below the Troy Dam, it is essential to
have an understanding of the predictability and variability throughout the
river. The most complete data set for riverwide temperatures is from the

3-10
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Hudson River Utilities (HRU) LRS, FSS, and BSS sampling programs conducted
from 1974 through 1987. The relationship between the PWW and the weekly aver-
age regional water temperature for the 12 regions of the HRU sampling program
was examined through regression and correlation analysis as well as through
graphical analysis.

Regression and correlation analysis results indicate a high degree of similar-
ity in temperature values between the 12 regions and the PWW. Correlation
coefficients are all positive and highly significant (P<0.001), ranging from a
high of 0.9762 for Hyde Park to a low of 0.9607 for Yonkers (Table 3-14).
Similarity in temperature between the PWW (Rkm 122; RM 76) and the Hyde Park
region (Rkm 124-137; RM 77-85) would be expected to be the greatest, based on
location. The least similarity in temperature would be expected for the
Yonkers region, based on the marine influence in the lower estuary. In fact,
correlation analysis indicates a high degree of similarity among all regions,
0.9286 to 0.9946 (Table 3-15), but a greater degree of similarity between
spatially proximal regions.

Further investigation of the regression results indicates a nearly consistent
decrease in intercepts and an increase in slopes of the regressions as one
moves upriver (Table 3-14). The slope of the relationship would be expected
to be 1.0 and the intercept 0.0 if the regional mean water temperature is the
same as the PWW temperature. As with the correlation coefficients, the PWW
temperatures most closely resemble those from the Hyde Park region. The Hyde
Park slope and intercept values of 0.994 and -0.334, respectively, come clos-
est to expected and are not statistically different from 1.0 and 0.0
(P>0.05).

The nearly consistent trends in slope and intercept values suggest a system-
atic departure of temperatures from the PWW temperatures. The nature of this
departure is evident in plots of the average weekly PWW temperature over the
period 1951-1987 compared to the average regional temperature over the period
1974-1987 (Figure 3-14). A1l regions appear to closely track the PWW temper-

3-11
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AVERAGE WEEKLY TEMPERATURE (T)
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FIGURE 3-14

AVERAGE WEEKLY TEMPERATURE VS. TIME
ALBANY REGION (1974—1987)
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atures from spring through July when freshwater inflow approaches its annual
minimum. Beginning in about mid-August, however, temperatures in upriver
regions begin to cool; regions farther downriver remain near the summer max-
imum temperature. This earlier cooling is due to the cooler temperatures in
the Adirondack Mountain headwaters and to the smaller cross-sectional area of
the northern river regions (Cooper et al. 1988) that results in a reduced
residence time. Thus, high-flow, low-temperature events, which become more
common in the fall, tend to rapidly drive warmer waters downstream out of the
regions above Hyde Park (Texas Instruments 1976). Regions downstream from
Hyde Park tend to have higher temperatures than at PWW during the late summer
and fall. Their larger cross-sectional areas cause a longer residence time,
which makes the southern regions less influenced by short-duration high-flow
events. Additionally, temperatures in lower regions are stabilized by the
intrusion of marine waters and to some extent by the heat discharged by gen-
erating stations between Rkm 68 and 107 (RM 42-55).

Regional variability was assessed from the deseasonalized data. This was ac-
complished by first computing the average regional temperature for each week,
then subtracting the weekly mean from each observation taken during that
week. The standard deviation of the residuals then yields a measure of vari-
ability without the influence of the seasonal cycle. The regional standard
deviations (Figure 3-15) were consistent with the observations in the previous
analysis; the more downriver regions, Yonkers through Kingston, tend to dis-
play less variability than do the upriver regions of Saugerties through
Albany. The larger volume and influence of marine waters stabilized the down-
river regions and reduced variability.

Plots of the residuals by region, Figures 3-16 and 3-17, suggest that spring
temperatures in 1974 and 1975, summer temperatures in 1983 and 1984, and fall
temperatures in 1980, 1981, and 1986 were cooler than average in all regions.
Temperatures during the fall of 1983 were 5 to 6°C warmer than average. Over-
all, however, water temperatures were within #2°C of the seasonal average
within each region.

3-12
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3.3.2 Freshwater Discharge

Predictability and variability of Hudson River freshwater discharge rates were
assessed from the records of two USGS gauging stations, Green Island and Wap-
pinger Creek. The Green Island gauging station (No. 01358000) is located on
the Hudson River at Green Island in Albany County, just upstream from the Troy
lock and dam, and 0.8 km (0.5 miles) downstream from the 5th branch Mohawk
River (42°45'08"N, 73°41'22"W). The drainage area monitored by this station
is approximately 20,953 km2 (8090 mi2). The accuracy of discharge records is
considered fair above 425 m3/sec (15,000 cfs) and poor below this level (Lumia
et al. 1984).

The Wappinger Creek station (No. 01372500) is located on Wappinger Creek, in
Dutchess County, New York (41°39'11"N, 73°52'23"W), approximately 213 m (700
ft) downstream from Red Oak Mill dam and 7.2 km (4.5 miles) northeast of the
Village of Wappingers Falls. The station gauges a drainage area of approxi-
mately 469 km2 (181 mi2) and has been in operation since August 1928. The
accuracy of the records is considered fair except for the winter period, which
is considered poor (Lumia et al. 1984). The Wappinger Creek station was
selected primarily because of its extensive temporal coverage. However, this
location is Tikely more indicative of discharges of the smaller drainage trib-
utaries along the length of the Hudson River (Table 3-16). These drainage
systems may demonstrate a more immediate response to precipitation than the
larger upriver dfainage area monitored by the Green Island station.

3.3.2.1 Temporal Patterns. Over the period 1947-1987 the peak daily dis-
charge rate measured at Green Island was 5125 m3/sec (181,000 cfs) recorded on
31 December 1948. The minimum daily discharge was 25 m3/sec (882 cfs) re-
corded on 2 September 1968. Over the period of record the daily average dis-
charge is approximately 391 m3/sec (13,800 cfs). Daily flows for the years
1974-1987 are presented in Appendix D.

3-13
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TABLE 3-16

FRESHWATER TRIBUTARIES TO THE HUDSON RIVER
BELOW TROY, NEW YORK

DRAINAGE MEAN
AREA FLOW
TRIBUTARY RIVER MILE (km) SHORE (mi2) (cfs)
Green Brook 16.0 ( 26) West
Crumkill Creek 24.0 ( 39) West
Sparkill Creek 24.5 ( 39) West
Croton River 34.0 ( 55) East 378
Cedar Pond Brook 39.0 ( 63) West
Peekskill Creek 44.0 ( 71) East
Popelopen Creek 47.0 ( 76) West
Arden Brook 51.0 ( 82) East
Indian Brook 53.0 ( 85) East
Foundry Brook 55.0 ( 89) East
Moodna Creek 58.0 ( 93) West
Fishkill Creek 60.0 ( 97) East
Wappinger Creek 67.0 (108) East 208 254
Casper Creek 70.0 (113) East
Maritje Kill 79.0 (127) East
Crum Elbow Creek 82.0 (132) East
Black Creek 84.0 (135) West
Indian Kill 85.0 (137) East
Fallsburg Creek 88.0 (142) East
Landsman Kill .89.0 (143) East
Rondout Crk.(+Wallkill R.) 92.0 (148) West 1197
Stony Creek 101.0 (163) East
Esopus Creek 103.0 (166) West 425 588
Post Creek 110.0 (177) West
Roeliff Jansen Kill 111.0 (179) East - 208
Foxes Creek 111.5 (179) East
Bargett Creek 112.0 (180) West
Dubois Creek 113.0 (182) West
Catskill Creek 113.0 (182) West 417
Mineral Spring Brook 113.0 (182) West
Corlaer Kill 115.5 (186) West
Murderers Creek 120.0 (193) West
Kinderhook Creek 122.0 (196) East 512
Coxsackie Creek 128.0 (206) West
Mill Creek 129.0 (208) East
Hannacroix Creek 132.5 (213) West
Coeymans Creek 134.5 (216) West
Schodack Creek 136.0 (219) East
Muitzes Kill 136.5 (220) East
Baker Creek 137.0 (220) West
Ylockie Kill 137.5 (221) East
Binnen Kill 138.0 (222) West
Moordener Kill 138.5 (223) East 33 38
Yioman Kill 139.0 (224) West
Vierda Kill 140.0 (225) East
Cooper Kill 142.5 (229) East
Papscanee Creek 143.0 (230) East
Island Creek 143.5 (231) West
Normans Kil1l 144.0 (232) West 168 145
Mill Creek 145.5 (234) East
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Daily average discharge values for Green Island from 1947 through 1987 are
displayed in Figure 3-18. Typically, discharges peak from late April to early
May, averaging approximately 850 m3/sec (30,000 cfs). Low flows, averaging
approximately 170 m3/sec (6000 cfs), prevail from July through September.
Flows increase in October and remain relatively constant at approximately 425
m3/sec (15,000 cfs) until April.

As with the PWW water temperature data, weekly average Green Island flow data
(Figure 3-19) were analyzed using the Box-Jenkins (Box and Jenkins 1976)
method. The time-series modeling procedure indicated that the data series re-
quired deseasonalization, linear trend removal, and a first-order autoregres-
sive component to reduce the data to white noise. The final model indicates
that the discharge patterns are far less predictable than water temperature;
the total explained variance was 57.76% for the flow data as compared to
99.95% for the temperature data. As with water temperature, autocorrelation
analysis indicated a high degree of correlation among observations separated
by 52 weeks, indicating an annual cycle. The weekly coefficients describing
this seasonal cycle, expressed as deviations from annual mean flow, are pre-
sented in Table 3-13. The linear trend is described by the relationship xj =
-377.6 + 0.354i. The positive slope suggests that flow has increased at an
average rate of 0.5 m3/sec (18 cfs) per year over the period of record.

After removal of the seasonal and linear trends, a significant amount of the

remaining variation was explained by a first-order autoregressive (AR1) proc-
ess:

Xt = 0.570x¢-1 + Zt

where

Xt-1 = detrended and deseasonalized flow at time t-1

Z¢ = random shock

This AR1 model successfully reduced the remaining variation to white noise
(Portmanteau test x21g = 22.81, P>0.05).

3-14
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To determine periods of unusual discharge rates, i.e., periods of abnormally
high or low flow rates, the residual flows, or deviations from weekly average
flows, were computed. These were obtained by calculating the mean flow over
the entire 41-year period for each week, then subtracting the weekly mean from
each observation during the given week (Figure 3-20). After smoothing (9-
point moving average), several distinct periods of high and low flow became
apparent (Figure 3-21). The most pronounced period was from approximately
1960 through 1970, a period of severe drought. This was followed, from 1972
through 1980, by a period of above-~average discharges. The period 1980-1987
has seen a return to drought conditions, but not of the same severity as the
1960-1970 period.

Cross-correlation analysis (Davis 1973) of weekly average water temperature
and discharge residuals indicates a significant, but weak, negative correla-
tion between the two series (Figure 3-22). The maximum correlation, r=-0.2686
(P<0.01), occurred when water temperature residuals led discharge residuals by
one week. This relationship indicates that, in general, higher than normal
temperatures are associated with lower than normal flows the following week,
while lower than normal temperatures (likely associated with precipitation)
are associated with higher than normal discharges the following week.

To determine if Green Island flows are indicative of flows in the lower Hudson
River similarity between Green Island and Wappinger Creek discharge records
was compared using cross-correlation analysis, with a +50-day lag period.
Over the period of record for the Wappinger Creek station the peak daily dis-
charge rate was 527 m3/sec (18,600 cfs) on 19 August 1955 and the minimum flow
was 0.025 m/sec (0.9 cfs) on 20 and 21 September 1964. The average discharge
was approximately 7.1 m3/sec- (250 cfs). The results of the correlation
analysis (Figure 3-23) indicate a relatively strong association between the
two series, with a maximum correlation, r=0.6397 (P<0.01), at the zero lag
period. This indicates that increases and decreases in flow are recorded at
the two stations at approximately the same time (at 1least within one

3-15
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day). However, it is also apparent that correlations at positive lag periods,
i.e., where Wappinger Creek records led Green Island records, tend to be
higher at corresponding lags than when Green Island records led Wappinger
Creek records. This suggests that the Green Island flows respond to change
more slowly than flows recorded at the Wappinger Creek station. This type of
response would be expected, considering the 45-fold larger drainage area
gauged by the Green Island station. The analysis suggests that the Wappinger
Creek flow information is not a good indicator of Hudson River flow patterns.

3.3.2.2 Seasonal Patterns. Seasonal patterns of variability were examined
from the standard deviations of the Green Island weekly flow residuals. A
plot of these values (Figure 3-24) indicates that the greatest variability
occurs from late March through late June (weeks 12-25); the least, from mid-
August through mid-October (weeks 33-42).

3.3.3 Salinity

The lower Hudson River is a partially stratified estuary (Abood 1974, 1977).
Less dense fresh water enters the estuary at the head and flows downstream
above the denser marine waters entering the mouth of the river. Tidally in-
duced turbulent eddies tend to mix the lighter fresh water downward and the
heavier salt water upward, with a net result of producing a gradient of in-
creasing salinity as one nears the mouth of the river. This mixing process
results in a two-layered circulation pattern with a net downstream flow of
fresh water near the surface and a net upstream flow of salt water near the
bottom. Generally, as freshwater flows increase, the magnitude of the tidal
velocity and the duration of the tidal phases decrease. The net result is a
decrease in marine intrusion.

Abood (1974, 1977) demonstrated a close relationship between flow and salin-
ity in the lower Hudson River. The position of the salt front, defined as the
0.1 ppt isosal, may be estimated from the relationships:

3-16
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where

Qr

3.3.3.1

[om r
i 1}

135 Q=038 for Q<27
= 1948 Q119 for Qp>27

location of 0.1 ppt isosal in miles from the Battery,
New York City

freshwater flow in the lower Hudson River measured
in 1000 cfs

Temporal Patterns.

The freshwater flow in the lower Hudson River in-
cludes the discharges from tributaries such as Kinderhook, Wallkill, Rondout,
Fishkill, and Wappinger creeks as well as that from the upper Hudson River

measured by the Green Island station.
ungauged, their contributions to total discharge must be estimated.

Since most of the these tributaries are

Abood et al. (1990, In prep.) estimated, via regression analysis, the follow-
ing contributions:

where

1.477 Qg1
1.600 Qg
1.319 Qg1
1.311 Qg1
1.356 Qg1
1.231 Qg1
1.228 Qg1
1.358 Qg1
1.237 Qg
1.569 Qg1
1.516 Qg
1.421 Qg1

for
for
for
for
for
for
for
for
for
for
for
for

January
February
March
April
May

June
July
August
September
October
November
December

QGI = Green Island flow in cfs

Abood (1974, 1977) also noted that a lag period of five to 10 days was re-
quired before changes in flow were reflected as changes in salt front posi-
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tion. More precisely, the lag period (t) was best described by the relation-
ship:

t = (256.14/Q5)0.4

Applying the relationships described by Abood (1974, 1977) to the average
Green Island flow during 1947-1987, the salt front typically resides within
the Tappan Zee to Poughkeepsie regions (Figure 3-25). During the spring high-
flow period the salt front is typically near Rkm 42 (RM 26); during the summer
lowflow period it typically moves upriver to a position near Rkm 105 (RM 65).
Estimated salt front positions for 1986 and 1987 are presented in Figures 3-26
and 3-27.

3.3.3.2 Spatial Patterns. Empirical measures of regional and seasonal
changes in salinity were determined from the combined LRS, FSS, and BSS physi-
cal-chemical parameter sampling programs over the period 1974-1987. Proce-
dures for determining salinity from conductivity are given in Section 2.6.1.

During the period 1974-1987 average salinity was highest in the most downriver
region, Yonkers, ranging from a low of near 0 to over 18 ppt. Average salin-
ity decreased regqularly in an upriver direction (Figures 3-28 through 3-31)
until, by the Poughkeepsie region, values greater than 0 ppt were rarely
recorded.

Variability, as measured by the standard deviations of the residual salinity,
i.e., the difference between the weekly salinity and the 1974-1987 average
salinity for that week, decreases in an upriver direction (Figure 3-32). In
the Yonkers region, the region of greatest variability, 95% of the observa-
tions fell within 7.4 ppt of the 1974-1987 weekly average; in the Poughkeepsie
region 95% of the observations fell within 0.4 ppt of this long-term average.

Over the season, regional salinity values reflect the diminished flows of the
summer months (Figure 3-33). In the Yonkers region salinity averaged approxi-
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SALINITY (ppt)
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FIGURE 3-28

SALINITY VS, TIME

YONKERS REGION (1974-1987)
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FIGURE 3-29
SALINITY VS. TIME

CROTCN~HAVERSTRAW REGION (1974-1987)
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FIGURE 3-30
SALINITY VS, TIME

WEST POINT REGION (1974-1987)
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mately 6 ppt in May and gradually increased to approximately 12 ppt in August
and September before decreasing to about 6 ppt in late November through
December. The Tappan Zee region displays a similar pattern, but at somewhat
Tower salinity values: spring salinity is near 3 ppt, peaks to approximately
7 ppt in the summer, then decreases to about 4 ppt in the fall. The same pat-
tern is repeated in all the upriver regions as far as Hyde Park, but at de-
creasing average salinity. Regions above Poughkeepsie are typically fresh
water, and therefore display no seasonal pattern in salinity.

The longitudinal relationship between freshwater inflow (average for preceding
week) and salinity, as measured by the Hudson River Utilities' program, is
evident in Figure 3-34. At flows near 793 m3/sec (28,000 cfs), near the
median spring flow, salinities in the Yonkers region average approximately 2
ppt and drop to less than 0.1 ppt by the Croton-Haverstraw region. At low
summer flows of 130 m3/sec (4600 cfs), salinities at Yonkers average approx-
imately 11 ppt and drop to less than 0.1 ppt by the Poughkeepsie region.

3.3.4 Dissolved Oxvygen

Dissolved oxygen is one of the most important factors in the survival of
nearly all aquatic organisms; the lower 1imit for normal respiration of aqua-
tic animals appears to be 1-2 mg/1 (Emery and Stevenson 1957). The concentra-
tion of DO is determined by the interaction of several biological and physical
processes: photosynthesis, tidal mixing, low temperatures, low salinity, and
high atmospheric pressure increase oxygen concentrations; respiration, micro-
bial decomposition of organic material, chemical oxidation, high temperatures,
high salinity, and low atmospheric pressure decrease oxygen concentrations.
The interaction among these factors typically results in a seasonal pattern of
highest DO concentrations during the winter and lowest during the summer and a
diel pattern of highest DO during daylight and lowest during darkness. In
highly stratified estuaries a gradient of decreasing DO with depth may develop
due to the reduced interchange between the turbulent mixing of enriched sur-
face fresh water and the more stagnant bottom seawater.
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Leslie et al. (1988), using DO as an indicator of pollution, reviewed Hudson
River trends in dissolved oxygen for the period 1967-1980. Two regions of lTow
DO were identified: Albany ( Rkm 193-242; RM 120-150) and New York City (Rkm
0-16; RM 0-10). In the Albany region, prior to 1974, summer DO levels were
below the New York State standard of 4 mg/l1 and even approached 0 mg/1 during
1970-1972. In 1974 two waste treatment plants came on line, which treated
approximately 80% of these cities' domestic wastes. Records of dissolved
oxygen at Glenmont, New York (Rkm 228; RM 142), indicate that DO Tlevels im-
proved after 1974. In the New York City area DO concentrations consistently
fell below 4 mg/1 during the summer for all surveys. However, the authors
noted that for most of the year DO in the New York City area is well above the
state standard and transient fish do frequent the area in the noncritical
months.

Analysis of the DO data collected in the LRS and FSS reveals similar find-
ings. Average regional DO values over the period 1974-1987 indicate lowest
average DO concentrations in the Albany region (Rkm 201-244; RM 125-152) and
the Yonkers region (Rkm 19-37; RM 12-23). Only the Yonkers region, however,
yielded summer DO values regularly below 4 mg/1 and then only prior to 1983
(Figures 3-35 and 3-36). Highest average DO concentrations were observed in
the regions from Kingston through Catskill.

Over the sampling year average DO concentrations were generally highest in
February and April and lowest in July through September. In the Yonkers
region peak DO concentrations averaged approximately 12 mg/1 and decreased to
about 5 mg/1 in the summer. Peak DO concentrations remained reiatively con-
stant at 12-13 mg/1 throughout the river. Summer DO values tended to increase
in an upriver direction from approximately 7 mg/1 in the Tappan Zee region to
about 8.5 mg/1 in the Catskill region before decreasing to about 6.5 mg/1 in
the Albany region (Figures 3-37 and 3-38).

Analysis of residual DO values, i.e., the difference between the average week-
1y DO concentration for the region over the period 1974-1987 and each indi-
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FIGURE 3-35
DISSOLVED OXYGEN VS. TIME

YONKERS REGION (1974-1987)
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FIGURE 3-36
DISSOLVED OXYGEN VS. TIME

KINGSTON REGION (1974-1987)
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FIGURE 3-37
AVERAGE WEEKLY DISSOLVED OXYGEN VS TIME

YONKERS REGION (1974-—1987)
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AVERAGE WEEKLY DISSOLVED OXYGEN VS TIME
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FIGURE 4-1a
PHYSICAL AND VEGETATIVE FEATURES OF
THE HUDSON RIVER ESTUARY
(RM 26 - 152)
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/ FIGURE 4-1b

THE HUDSON RIVER ESTUARY
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Egg abundance distribution was bimodal in 1984. The first cohort appeared to
contribute little to the juvenile population; this is 1likely due to mortaiity
of the early cohort. Cold water temperatures (Figure 8-1) and high freshwater
flows (Figure 8-2) during late May and early June 1984 were primarily respon-
sible for the mortality. Because the logistic model includes mean length data
prior to 1 June sampling, there is a possible discrepancy in growth rates
between the two models. The logistic equation was therefore recalculated
using only the larval mean lengths from collections after 1 June so as not to
include information on the nonrecruited cohorts. Using the new equation (K =
85.117706, R = 0.054522, A = 6.705854, r2 = 0.9353), it was determined that
the striped bass population reached a mean length of 30 and 60 mm (TL), re-
spectively, on 21 July and 18 August, the same dates as determined previously
using tlarval mean lengths from all sample collections (Figure 8-4); thus,
growth rates also remain the same.

Mean temperatures during peak egg, YSL, and PYSL abundance were within the
range observed in other years (Table 8-2). Compared to other years (1974-
1987), peak egg, YSL, and PYSL abundance occurred approximately two weeks
later in the season (Table 8-2). This resulted in a later growing season,
evidenced by the shift toward the right in the sigmoid growth curve as com-
pared to years 1985-1987 (Figure 8-5); growth achieved during the fall period
also appears to be smaller. However, larval and juvenile growth rates are
similar to striped bass 1985-1987 values (Table 8-1), which have earlier egg
abundance dates.

8.1.2 1985 Survey

8.1.2.1 Log-Linear Estimates. The striped bass population in 1985 reached
mean total lengths of 30 and 60 mm on 6 and 25 July, respectively (Table
8-1). These dates were estimated from the log-linear regression (In Y =
0.035909x + 1.011067, r2 = 0.9838) of striped bass mean lengths from the 15
and 29 July BSS and the 20 May LRS sampling periods (Figure 8-6). Because of
the small sample size in the 12 and 26 August BSS samples and the small number
of regression points, the 20 May LRS sample period, midpoint of peak striped

8-4
Lawler, Matusky & Skellv Engineers



29(0-G0

SS4

10-9¢

< SS9 a SHY1 m
910

deg—9| bny—~/0 unPr—gz
1 | | 1 | |

1dy—60

0O-unp AjUQ -eemeee
sSUNJ |y ———

— 001
— OlLl
— 0c¢l
— 0¢l
- Ovl
— 06l

7861

|2POW Yymod9 oi3sibo
— HLMOYD SSVH dUdIYLS

v-8 34NOIY

09l

(ww) yibus |oy10g

8-4A



*(9861) SIWW wosy pajdepyp

2°81 unp Lo - AeW G2 G°GT ReW 2 - KeW 81 2 ¥l Rew £1 - ReW 11 /861
0°12 unp g0 - unp 20 6°02 une 10 - Kew 92 6°L1 few g1 - AeW 21 9861
£°61 unp €0 - AeW g2 6°91 Rew 0z - AeW €1 G°GT KeW 0z - AeWw 90 G861
1°12 unp G2 - unp g1 0°61 ung /1 - ung 11 L1 unp 0T - unp v +861
L°12 ung 92 - unp €1 Z2°61 unp 61 - unp 90 9°¢l unp G0 - AeW 91 €861
81 une 60 - Aew 1¢ T°L1 unp 82 - AeW ¥2 T°L1 few gz - Aew vz 2861
0°81 unp €1 - unp 10 6°GT AeW 12 - Aen 81 6°GT KeWw 1z - AeW 81 1861
2°81 unp €1 - unp 20 AFA| AeW 0c - AeW [2 £°91 AeW 2z - Kew 61 0861
81 unp 20 - AeW /2 2°81 unp 20 - KeW 02 2°91 KeW 61 - AeW 90 6461
£°02 ung LT - ung 40 2°02 ung o1 - Aew 82 AL} ReW £z - KeW 12 g/61
£°61 unp 81 - AeW 62 0°L1 une 40 - KeW 22 9e°¥1 Kew 8z - AeW ST £/61
9°81 unp 61 - unp 90 A unp 21 - Aen o€ 0°ST unp G0 - AeW €2 9/61
9°02 ung 1 - unp 10 6°61 unp £0 - AeW G2 0°61 ReW 1€ - Aew 81 G/61
G512 unp gz - unp 60 §°/1 ung 80 - AeW 9z v°G1 ReW 62 - Rew 21 +v/61
FINLYEIdWIL QOId3d Avid FAINIVIIAWIL  QOId3d vid JANLVIIIWIL  GOI1Y3d Avad dvIA
NY3IW N3N NYIN
IVAYYT IVS-HT10A-150d JVAIYT IVS-A10A $993

$993 SSvE @3JIYLS 40 JINVANNGY NvId JO SAOIY¥Id GNY SNOIDIY NI (.2) IUNLVYIMWIL ¥ILVM Ny

e/86T-¥/61 "AYYNLSI ¥IAIY NOSANH "IVAYYT ONV

Z¢-8 374Vl

8-4B



Growth Rate (mm/day)

Total Length (mm)

1.5

FIGURE 8-5

STRIPED BASS GROWTH RATES
Logistic Model — 1984-1987

STRIPED BASS ESTIMATED MEAN LENGTH
Logistic Model — 1984—-1987

i
i
|

C5-Dec

——— 1984 e 1985 e 1986 e 1987

8-4C



Total Length (mm)

Total Length (mm)

160

FIGURE 8-6

STRIPED BASS GROWTH -

Log—linear Growth Model

1985

150 —
140 —
130
120 -
110
100

T T T T

19—-May 28~Jun 07-Aug 16—-Sep
Date

Logistic Growth Model

T
26-0ct

05-Dec

*

minimun & maximum

19-May 28-Jun 07-Aug 16—Sep

B RS o FSS v BSS

8-4D

T
26-0ct

05-Dec



vidual observation from the corresponding week, indicates that the middle
estuary regions are least variable in DO concentration (Figure 3-39). In the
regions from Indian Point through Hyde Park 95% of the DO values fell within
approximately 1.6 mg/1 of the weekly average. 1In the more variable Yonkers
and Albany regions 95% of the observations fell within 2.3 and 2.5 mg/1 of the
weekly average.

Reasonably accurate estimates of DO concentrations can be obtained from the
prevailing water temperature by using the equations given in Table 3-17. The
Towest correlation coefficient of -0.6615 was determined for the Saugerties
region while six of the 12 regions had correlation coefficient determinations
greater than -0.8. Comparison of the regressions indicates significant dif-
ferences (Fy11, 3154 = 38.01, P<0.01); therefore, a separate equation should
be used for each region.

3.3.5 pH

The pH of an aquatic system, a measure of hydrogen ion concentration, is an
important biological parameter since many internal bodily functions (primarily
respiration) are directly influenced by it (Odum 1971). Chemically, pH
controls the distribution of many trace metals through its effects on
solubility, adsorption, and complexation (Culberson and Sharp 1983). Though
pH is a critical parameter, biological populations exhibit a high tolerance to
naturally occurring pH conditions. Long~term lower Hudson River water quality
monitoring programs indicate a mean pH range between 6.4 and 8.2, with no
predictable temporal or spatial patterns evident (Cooper et al. 1988). The
lower Hudson River is well buffered (Moran and Limburg 1986; Cooper et al.
1988), which acts to stabilize the pH and minimize the potential damaging
effects to plants and animals of acid rain and point and nonpoint source dis-
charges.

In aquatic ecosystems the seasonal, diel, and spatial patterns of pH are often

directly correlated with carbon dioxide (CO2) and inversely correlated with DO

3-21
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through respiration and photosynthesis. During sunlight hours plants use COp
and produce oxygen; during periods of darkness respiration reverses the pro-
cess, using oxygen and producing CO2. The pH cycle closely follows the COp
concentration since COz reacts with water to form carbonic acid, which can
lower pH. Diel variations of 0.2 to 1.0 pH units have been recorded for bays
and lagoons (Emery and Stevenson 1957), areas subject to greater photosyn-
thetic activity; estuaries generally exhibit lower diel variability, approxi-
mately 0.05 pH units.

The Hudson River Utilities have recorded pH during a number of sampling pro-
grams, including the LRS, FSS, BSS, Interregional Trawl Survey, and Mark-
Recapture Program. It was recorded consistently, estuarywide, only during
1974-1978, however. Additionally, at least three different types of meters
(IL175 Portamatic, Hydrolab 6D, and Sergeant-Welch PBL) were used, although
usage was generally consistent within a program. Because of potential differ-
ences among meters and the difficulties in calibrating and maintaining them,
it is best not to mix data from programs utilizing different meters. For this
reason, and because they offer the most continuous data source, only the data
from the LRS and FSS programs were analyzed in detail {Appendix E).

Over the five-year period 1974-1978, pH averaged 7.33, but with significant
differences among years (ANOVA F4 g43 = 51.91, P<0.001) and among regions
(ANOVA F11,636 = 3.89, P<0.001) (Table 3-18). Average pH values by year for
the lower, middle, and upper estuary are given in Figures 3-40 through 3-44.
The year 1974 yielded the highest average pH value, 7.49; 1976, the lowest,
7.06. Although the overall mean for 1976 is biased by the lack of data from
the Hyde Park through Albany regions, pH measurements from the Yonkers through
Poughkeepsie regions were often ‘the lowest among the five years (Table 3-19).
Although the difference among years is highly significant, the actual differ-
ence among years is minimal, basically patternless, and probably does not re-
flect changes in the aquatic environment, but rather year-to-year variations
in the calibration of pH meters.
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3.3.6 Turbidity

Turbidity is a measure of the suspended material in the water column, such as
small colloidal particles, phytoplankton, algae, organic detritus, clays,
silts, and sands (Biggs et al. 1983). These materials are important in that
they affect geochemical processes (such as trace metal and pollutant trans-
port), the extent of the photic zone (the region of photosynthetic activity),
sedimentation rates, and visually related processes (such as feeding in fish).

The rate of introduction of suspended sediments into the estuary depends pri-
marily on the land usage around the watershed. Urbanization removes natural
vegetation, while construction of impervious surfaces, such as buildings,
parking lots, and roads, reduces natural ground absorptivity. The overall
result is a tendency for greater storm runoff, increased peak flows, and
higher erosion from surface land and streambanks (Lippson et al. 1979).
Storms and the resultant runoff also increase turbidity by resuspending bottom
sediments. The degree of resuspension is influenced by the types of sedi-
ments, circulation patterns, and settling characteristics of the material.
Typically, highest sediment loads are in the shallow, nearshore regions. Sed-
iment loads often increase in a downriver direction until regions of con-
centrated seawater are encountered. At high saline levels sediments tend to
be removed from the water column by flocculation (Emery and Stevenson 1957).

The Hudson River Utilities have recorded turbidity during a number of sampling
-programs, including the LRS, FSS, BSS, Interregicnal Trawl Survey, and Mark-
Recapture Program. However, it was recorded consistently, estuarywide, only
during 1974-1978 (Appendix F).

Over the five-year period 1974-1978, turbidity averaged 13.6 FTUs, but with
significant differences among years (ANOVA Fa,1107 = 17.06, P<0.001) and
among regions (ANOVA Fi; 1100 = 7.98, P<0.001) (Table 3-20). Average tur-
bidity values by year for the lower, middle, and upper estuary are given in
Figures 3-45 through 3-49. The year 1977 yielded the highest average turbid-
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ity value, 17.62 FTUs; 1975 yielded the lowest, 10.12 FTUs. The upper estu-
arine regions of Saugerties, Catskill, and Albany had the lowest average tur-
bidity values, 8.87, 9.44, and 6.23 FTUs, respectively; the lower estuarine
regions of Yonkers and Tappan Zee had the highest and third highest, 20.70 and
15.38 FTUs, respectively (Table 3-21).

Turbidity values at a given location in the river may be quite variable over
time because of tidal and weather conditions. Readings conducted at 3-hr
intervals near the Roseton Generating Station during 1986 and 1987 (EPRI 1988)
demonstrate fluctuations as great as 100 NTUs (Figures 3-50 and 3-51). The
greatest fluctuation occurred during 21-25 August 1986. These values were
preceded by a storm that deposited 5.0 ¢m (1.97 in.) of precipitation (record-
ed at West Point) between 17 and 24 August.

In 1986, near the Roseton Generating Station, EPRI (1988) made 56 turbidity
observations during the spring and 710 during the summer/fall period at both
surface and bottom locations. In general, the turbidity values were similar,
17.7, 17.7, 20.2, and 20.2 NTUs for spring surface, spring bottom, summer/fall
surface, and summer/fall bottom, respectively. No significant differences
were noted between surface and bottom readings. In 1987, 696 observations
were made during the summer/fall period. These values tended to be somewhat
lower than those recorded during 1986, and surface and bottom readings were
significantly different (paired t-test, tg,o5, 2695 =14.7, P<0.001), 11.8
and 13.6 NTUs, respectively.

3.4 ALLOCHTHONOUS DETRITAL INPUTS

3.4.1 Background

Allochthonous organic detritus or biodetritus is defined as nonliving organic
material imported from a neighboring area or system (Odum and de la Cruz
1963). Major sources to estuaries, such as the Hudson River, are discharges
from municipal treatment plants, urban runoff, and leaves and other terres-
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TABLE 3-21

(FTU) FOR HUDSON RIVER, 1974-1978
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FIGURE 3-50

DAILY MEAN TURBIDITY RECORDED DURING 1986 INTAKE BEHAVIORAL BARRIER
EVALUATION PROGRAM AT ROSETON GENERATING STATION
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FIGURE 3-51

DAILY MEAN TURBIDITY RECORDED DURING 1987 INTAKE BEHAVIORAL BARRIER
EVALUATION PROGRAM AT ROSETON GENERATING STATION
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trial vegetation. Some material of marine origin also enters the system with
tidal circulation and migratory fish populations (Durbin et al. 1979). De-
pending on the boundaries chosen, detritus originating in tributaries and
marshes can be categorized as either allochthonous or autochthonous (orig-
inating within the system). Because many Hudson River fish species utilize
the tributaries and marshes during at least part of their 1ife cycle, these
areas are considered part of the system for purposes of this report.

The role of organic detritus in aquatic ecosystems has been debated over the
years. Although in estuaries detrital biomass often exceeds algal standing
crop (Odum and de la Cruz 1867; Saunders 1972a; McFadden et al. 1978), its im-
portance in bioenergetics is not completely understood because detrital path-
ways are complex (Mann 1972; Saunders 1972b; Wetzel et al. 1972). In general,
detrital plant material is refractory (difficult to degrade) and not easily
utilized by higher organisms; it must first be broken down by microorganisms
to a more usable form. The results of a growing number of studies suggest
that detrital aggregates, composed of nonliving organic material and 1live
microorganisms, constitute an important food source for grazers (see, e.g.,
Rodina 1963; Odum 1968; Chervin 1976). The detritus per se is generally not
utilized by the grazers; rather, the microorganisms are digested and the
detrital particles egested only to be recolonized again (Mann 1972; Heinle et
al. 1977).

Much of the work on detritus in estuaries has been conducted in the mid-Atlan-
tic and southeastern United States (e.g., Heinle and Flemer 1975; Reimold et
al. 1975; Haines 1977; Heinle et al. 1977). Unlike these estuaries, which
have vast expanses of salt marshes containing Spartina spp. and other grasses
bordering them, the Hudson has relatively few, comparatively small marsh
areas. Those on the eastern shore have at best only restricted exchange with
the main stem of the Hudson River because of existing railroad banks along the
river's edge. As a result, these marshes may tend to accumulate more detritus
than they release (Goldhammer 1987). A major source of natural allochthonous
detritus is leaves and other terrestrial plant material (both dissolved and
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particulate) washing in from the tributaries. Even though the estuarine
portion of the river, from the Battery to the Federal Dam at Troy, has only
six major tributaries, natural allochthonous detrital inputs may be sub-
stantial (McFadden et al. 1978).

There are two major reasons to examine allocthonous detrital inputs to the
Hudson River estuary in conjunction with the fisheries data: (1) to determine
whether any trends between detrital inputs and recruitment of fish can be
identified, and (2) to determine the relative importance of detritus as a car-
bon source for Hudson River fish. Regarding the latter, since most Hudson
River fish species would not be expected to consume detritus directly, its
role in the Hudson River food web is most likely via zooplankton and benthic
invertebrates.

Recent studies (Summers and Rose 1987; Summers et al. 1987) have found rela-
tionships between measures of anthropogenic inputs and relative stock abun-
dance in five major northeast estuaries, including the Hudson River. Data
bases used ranged from about 40 to over 100 years in length, a period of suf-
ficient duration for obvious trends to have occurred. - Earlier studies (Heinle
et al. 1977; Ulanowicz et al. 1982) suggested a relationship between detritus
and striped bass year-class strength in the Maryland portion of the Chesapeake
Bay. Their hypothesis was that colder than average winters, and resultant ice
production in the tidal marshes, subsequently released larger than average
quantities of detrital plant material. This in turn resulted in greater pro-
duction of zooplankton, which serves as food for the early life stages of
striped bass and other fish.

3.4.2 Data Sources

This section examines existing data sources and discusses the feasibility of
developing an index of allochthonous detritus for the Hudson River estuary.
The years considered were 1974 through 1987. A review of the existing data
sources indicates that there is no suitable data base for all years; however,
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general seasonal and year-to-year trends are discussed. Recommendations for
further research are provided.

3.4.2.1 Anthropogenic Inputs. Anthropogenic inputs to the estuary are pri-
marily from municipal sewage treatment plants; useful measures of detrital in-
puts from these sources are biochemical oxygen demand (BOD) and total organic
carbon (T0C). Data on wastewater treatment plant flows alone are not con-
sidered satisfactory in evaluating organic inputs because many such plants
were upgraded to secondary treatment during the period, resulting in lower
concentrations of organics in the effluent. Unfortunately, there is no readi-
ly available summary of data for plants discharging to the study area. Data
would have to be extracted from discharge permit files maintained by the New
York State Department of Environmental Conservation (NYSDEC). The Interstate
Sanitation Commission (ISC) provides average and design flows for each per-
mitted STP within their jurisdictional area but, as mentioned above, flow data
alone are not a good measure of allochthonous detrital inputs.

Mueller et al. (1982) summarized wastewater loads discharged to the Hudson-
Raritan estuary for the periods 1970-1974 and 1979-1980 to estimate pollutant
loads to the New York Bight. Their data included conventional pollutants and
nutrients from industrial and municipal plants in the New York City area,

northern New Jersey, and New York State as far north as Poughkeepsie. Perti-
nent data are shown below:

TOTAL DISCHARGE TO THE DISCHARGE TO THE

HUDSON-RARITAN ESTUARY HUDSON RIVER
PARAMETER 1970-1974  1979-1980 1970-1974 1979-1980
Flow (m3/sec) 118 127 17 18
BOD (metric 1000 731 150 110
tons/day)
TOC (metric 700 698 105 105
tons/day)
3-27
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Comparison of the two periods indicated that wastewater flows increased by
about 7%, BOD decreased by about 27%, and TOC remained relatively constant.
As shown above, the contribution of plants discharging to the Hudson River was
calculated as only 14-15% of the total load to the Bight; of that, a sig-
nificant portion was from plants located in Manhattan, downriver of the study
area for this report.

Using data from two New York City plants, Mueller et al. (1982) found seasonal
variability to range from about 0.5 to 1.6 times the average annual BOD load
at the Port Richmond plant and from about 0.75 to 1.20 times at the 26th Ward
Plant. At the Port Richmond plant BOD load was lowest in summer and fall; the
opposite occurred at the 26th Ward Plant, making prediction of seasonal cycles
of sewage-derived detrital inputs difficult without data on the performance of
all plants discharging to the river.

Summers et al. (1987) used sewage loading as a measure of anthropogenic influ-
ences on year-class strength of selected fish species in five northeast estu-
aries. Two measures of sewage loading were computed: flow in millions of
gallons per day (MGD) and BOD expressed as MGD equivalents. For the Hudson
River estuary values were plotted as yearly averages for all plants discharg-
ing to the Hudson River downstream of the Bear Mountain Bridge, the East
River, and Upper New York Bay from 1929 to 1982 (Figure 3-52). As this figure
illustrates, there has been a linear increase in both sewage flow and BOD
since 1929, but BOD has increased at a much slower rate. Between 1974 and
1982, there was little difference among years in BOD Toading even though sew-
age flow increased substantially. The most probable reason is the increase in
wastewater treatment and the concurrent reduction in discharge of raw or pri-
mary treated waste.

3.4.2.2 Watershed Inputs. Runoff from both developed and undeveloped areas
contributes to the organic detrital load to the Hudson River estuary. It is
Tikely that urban runoff has increased over time as a result of continuing
development within the watershed; however, no data are available to quantify
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Tong-term trends. The Water Quality Management Studies conducted during the
1970s under Section 208 of the Clean Water Act provided some estimates of in-
puts from urban runoff, but data were coliected for only a short time. Using
data from these studies, Mueller et al. (1982) estimated an average BOD load
of 190 metric tons/day to the Hudson-Raritan estuary from urban runoff; of
this quantity, 11 metric tons/day originated in the mid-Hudson area (Pough-
keepsie to the Bear Mountain Bridge) and the remainder from Bear Mountain
south to the Narrows.

Seasonal trends in allochthonous detrital inputs from the Hudson River water-
shed follow rainfall patterns, and therefore are generally correlated to
freshwater flow at Green Island (Cooper et al. 1988). On a shorter time
scale, inputs vary with the intensity and duration of each storm and with the
interval since the last storm. 1In urban areas materials tend to accumulate on
streets, parking areas, roofs, etc., during dry periods, and their mobiliza-
tion generally follows a "first flush" characteristic. This means that the
highest concentrations are discharged early during a storm, decreasing to
background (concentration in rainwater) if the precipitation period is of suf-
ficient duration (Stenstrom et al. 1984),

Using USGS data from two Hudson River and four tributary gauging stations,
Gladden et al. (1988) found a direct relationship between daily volume dis-
charged and daily total organic carbon export when both parameters were stan-
dardized for watershed area. This means that in a typical year largest inputs
are expected during late winter and spring and the lowest input during summer,
except in the event of major storms such as hurricanes.

McFadden et al. (1978) estimated allochthonous detrital inputs as part of an
energy budget for the Hudson River. For the segment of the Hudson River above
the Federal Dam at Troy, limited USGS data on TOC from the Green Island gaug-
ing station were used as an estimate of terrestrial inputs. For the tidal
portion of the river, estimates from a hardwood forest in New Hampshire were
scaled to estimate detrital input to the 1lower Hudson River watershed.
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Anthropogenic inputs to the tidal portion of the river were developed from BOD
loads discharged by municipal and industrial point sources; nonpoint source
discharges were not considered. Marine inputs were calculated from estimated
losses of striped bass eggs that were then multiplied by six to approximate
detrital inputs for six anadromous species. No contributions from marine
plankton or mortality of adult anadromous fish were included. All values were
converted to caloric equivalents. The results indicated that 97.6% of the
energy inputs to the Hudson River were from terrestial inputs to the Tower
watershed, 1.34% from human sources, 0.76% from the upper watershed, and less
than 0.01% from marine inputs. Even though the values presented may be biased
because of conversion factors and the limited data on which some estimates
were made (e.g., marine inputs), results clearly show a major contribution
from allocthonous detrital inputs. Unfortunately, there is no readily avail-
able way to accurately predict year-to-year variations or long-term trends
from these data.

Gladden et al. (1988) also found watershed inputs to be the principal source
of allochthonous detrital inputs to the estuary. Using their data, approxi-
mately 84% (112,561 metric tons/year) of the total allochthonous carbon inputs
originate from the watershed and 16% (21,026 metric tons/year) are from sew-
age. No marine inputs were considered. No attempt to make a direct com-
parison of the percent contribution from various sdurces between McFadden et
al. (1978) and Gladden et al. (1988) is warranted because (1) the units used
in the two studies differed (calories vs total organic carbon, respectively),
(2) the estimation methods used were different, and (3) potential sources of
allochthonous detritus were not consistent.

3.4.2.3 Impingement Debris Characterization. Impingement collections at Cen-
tral Hudson Gas & Electric Corporation's Roseton and Danskammer Point Generat-
ing Stations have included records of debris from 1982 through the present.
Only data from 1982 and 1983 are available in a readily usable format. The
usefulness of the Roseton and Danskammer Point debris information as an index
of allochthonous input is limited because the debris collected is a mixture of
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macrophytes produced in the Hudson (autochthonous), leaves and other terres-
trial plant matter (allochthonous), and filamentous algae. It is not clear
whether the algae (primarily a blue-green) originates in the river, the trib-
utaries, or the marshes. Microscopic observations suggest that the algae is
alive (LMS, unpub. data); therefore, it is questionable whether it should be
considered as detritus at all.

In spite of its shortcomings as a measure of allochthonous detritus, the im-
pingement debris data do provide useful information on seasonal and spatial
variations in macroscopic detrital inputs. As shown in Figures 3-53 and 3-54,
there are several distinct peaks in concentrations over a yearly cycle and
distinct differences between the two plants. Peaks occur at both plants dur-
ing the spring high-flow period. At Danskammer Point peaks also occur during
late summer and winter. At Roseton a peak occurred during November-December
1982, but not during 1983. The late summer influx evident at Danskammer Point
did not occur at Roseton, and overall concentrations were lower. Differences
between the two plants are attributed to intake location. Danskammer Point's
intake is located on the southern edge of Danskammer Cove, and the circulation
patterns are such that during ebb tide debris flowing downriver is caught in
‘the intake. Roseton's intake, on the other hand, is located on a relatively
straight stretch of the river and is oriented parallel to the flow.

The debris collected was grossly categorized as aquatic vegetation, algae,
leaves, sticks, twigs, and nonbiological materials such as paper and plastic.
Quantities of the latter always represented a small fraction (Tess than 10%)
of the total. Leaves, twigs, and sticks are the only materials collected that
are definitely of allochthonous origin, and they appeared mostly during the
spring high-flow period and from fall into early winter. The summer peak
noted at Danskammer Point consisted primarily of aquatic macrophytes such as
Vallsenaria sp. and Trappa natans that had broken off or had been uprooted.
Except for the summer peak at Danskammer Point there was a rough correspon-
dence between impingement debris concentrations and freshwater flow measured
at Green Island (Figures 3-53 and 3-54).
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3.4.2.4 Marine Inputs. Detrital material of marine origin enters the estuary
through both active and passive means. Migratory fish actively swim up the
Hudson, deposit metabolic wastes and reproductive products, and suffer mor-
tality. Depending on the estuary, the latter can have major impacts on energy
pathways. Durbin et al. (1979), for example, found that the annual mortality
of spawning alewives, and to a lesser extent excretion by these fish, in-
creased phytoplankton and invertebrate productivity in Pauacaco Pond, Rhode
Island. In the reach of the Hudson River under consideration in this report
detrital inputs from anadromous fish entering the estuary occur primarily in
late winter and spring.

Passive inputs entering the estuary from the New York Bight apex with the two-
layered circulation include fine particulate matter, zooplankton, and phyto-
plankton. The plankton contribute to the detrital pool via excretory products
and death. Since up to 90% of the nutrients that the phytoplankton in the
apex utilize for growth originate in the estuary (Malone 1977), it was again
unclear whether to categorize this source as autochthonous or allochthonous.
This source of detrital inputs was probably greatest during the summer months
when plankton turnover rates and saltwater intrusion were greatest. However,

it was also possible that most zooplankton were consumed prior to becoming
detritus.

3.4.3 Recommendations

As illustrated by the discussion above, the existing data base was limited in
terms of developing an index of allochthonous detrital inputs for the Hudson
River that would be meaningful with respect to the Utility fishery data base.
Anthropogenic inputs were dominated by sewage inputs, especially when New York
City plants were included, and, based on data from 1975-1982 (Figure 3-52), no
substantial changes in BOD or TOC loading appear to have occurred over the
time span of the Hudson River fishery data base considered in this report.
Year-to-year varijability in anthropogenic inputs was not expected to be as
great as the variability of terrestial inputs, which were influenced by pre-
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cipitation patterns. Therefore, LMS does not recommend pursuing development
of an index of anthropogenic inputs at this time.

No 1long-term direct measures of natural allochthonous detrital inputs are
available. An index of watershed inputs could be developed based on discharge
volumes using a relationship similar to the one presented by Gladden et al.
(1988). This index would not include any marine inputs. The utility of a
detrital index based on flow is questionable because various aspects of Hudson
River fish population dynamics are influenced either directly or indirectly by
flow. The difficulty is in trying to separate the influence of a flow-based
detrital index from flow's direct influence on distribution and indirect ef-
fect on estimates of abundance and growth.

Although an index of allochthonous detrital inputs might prove useful for com-
parison to the fishery data, initial efforts should be directed toward quanti-
fying detrital pathways in the Hudson River food web. Some subjects that
should be addressed before any research to develop an index of allochthonus
detrital inputs is funded include (1) the role of Hudson River marshes in the
energy cycle; (2) the extent of marine inputs that will be most important in
the Tower reaches of the estuary; and (3) most important, the extent to which
detrital carbon inputs from various sources are utilized either directly or
indirectly by Hudson River fish populations. Some research directed at the
marshes has been sponsored by NYSDEC, the Hudson River Foundation, and the
National Oceanic and Atmospheric Administration. To date the effort has
focused on carbon exchange in Tivioli Bay, one of the four National Estuarine
Sanctuaries on the Hudson River (Goldhammer 1987). Utilization of detrital
carbon is best studied using stable carbon isotope measurements (see, for
example, Haines and Montague [1979] and Hackney and Haines [1980]), which, to
our knowledge, have not been taken for the Hudson River. Once the role of
biodetritus in the food web has been determined, the need for an index, its
form, and the utility of the existing data base can be better established.
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CHAPTER 4

SPATIOTEMPORAL DISTRIBUTION OF SELECTED SPECIES
OF HUDSON RIVER ESTUARY FISHES

4.1 SPECIES COMPOSITION

During the 12 years of the Year Class study 133 fish species have been re-
corded (Table 4-1). The yearly mean of 79 species collected refliects resident
cold, cool, and warm freshwater species; resident estuarine species; and
migratory marine fishes captured in the various regions of the estuary. The
species composition represents a variety of 1ife history groups, although most
of the fish species are present only as adults.

4.1.1 1986 Study

During the 1986 Hudson River study 82 fish species were recorded, including
five new species - grubby, American sand lance, fat sieeper, striped burrfish,
and orangespotted filefish (Table 4-1). Some species caught in 1986, such as
falifish, silver hake, northern pike, and Atlantic herring, had not been re-
ported for several years. Fish species reported in most recent years of the
study but absent from the 1986 1list include chain and redfin pickerel, wall-
eye, creek chub, and northern stargazer.

The 1986 species composition represents a variety of taxa from 63 genera and
38 families. Twenty-seven of the 82 species were taken in all three sampling
programs, 35 species in only one (Table 4-2).

4,1.2 1987 Study

During the 1987 Hudson River study 75 fish species were recorded, including
one new species - margined madtom (Table 4-1). Some species caught in 1987,
such as northern hog sucker, central mudminnow, and Atlantic cod, had not been
reported for several years. Fish species typically reported in recent years
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SPECIES COMPOSITION OF FISH COLLECTED
IN EACH OF THE HUDSON RIVER YEAR CLASS

TABLE 4-2 (Page 1 of 2)

SURVEYS DURING 1986

TAXON

BEACH SEINE

FALL SHOALS

LONG RIVER

Alewife

Bay anchovy
American shad
Bluefish

Bluegill

Brown bullhead
Pumpkinseed

Black crappie

Carp

American eel
Goldfish

Golden shiner
Hogchoker
Tessellated darter
Banded killifish
Emerald shiner
Largemouth bass
Mummichog

Atlantic menhaden
Minnow unidentified
Blueback herring
White sucker
Atlantic silverside
Rainbow smelt
Smallmouth bhass
Shortnose sturgeon
Spottail shiner
Atlantic sturgeon
Striped bass

Fourspine stickleback

Atlantic tomcod
To be identified
White catfish
White perch
Yellow perch
Satinfin shiner
Rock bass
Northern pipefish
Redbreast sunfish
Atlantic needlefish
Crevalle jack
Silvery minnow
Fall fish
Weakfish

Lookdown

Alosa sp.

Fathead minnow

Cyprinidae unidentified

Morone sp.
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TABLE 4-2 (Page 2 of 2)

SPECIES COMPOSITION OF FISH COLLECTED
IN EACH OF THE HUDSON RIVER YEAR CLASS
SURVEYS DURING 1986

TAXON BEACH SEINE FALL SHOALS LONG RIVER

Tautog X

Striped cusk-eel

Northern kingfish X

Spot X

Moonfish

Acipenser sp.

Winter flounder

Tidewater silverside

Gizzard shad

Silver hake

Striped muliet

Threespine stickleback

Butterfish

White crappie

Northern pike

Silver perch

Northern puffer

Centrarchidae unidentified

Spotfin shiner

Grubby

Rough silverside

Summer flounder

Striped searobin

Northern searobin

Atlantic croaker

Hickory shad

Atlantic herring X

Conger eel X

White mullet X

Channel catfish

Naked goby X

Windowpane

Spotted hake

American sand lance

Fat sleeper X

Fourspot flounder X

Gobiidae-gobies

Fundulus sp.

Myoxocephalus sp.

Cottid unidentified

Atherinidae sp.

Bothidae unidentified

Cunner

Sciaenidae

Gadidae

Gray snapper X

Striped burrfish X

Gasterosteidae un- X
identified

Orangespotted filefish X

> > > >xX > X
> >x > > XX
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XXX X XK X XK XX

XXX
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but absent in 1987 include satinfin shiner and fourspot flounder. Chain
pickerel, redfin pickerel, northern stargazer, and creek chub were absent from
the collections.

The 1987 species composition represents a variety of taxa from 61 genera and
36 families. Twenty-five of the 75 species were collected in all three sam-
pling programs, 35 species in only one (Table 4-3).

4.2 MICRODISTRIBUTION PATTERNS

In a seasonally unstable environment the survival of any species is dependent
on mechanisms that allow it to adapt physiological functions to changes in
that environment. An essential factor for species survival is successful re-
production. In temperate teleosts reproduction is timed to ensure that the
young hatch and commence feeding at the season most conducive to their sur-
vival. Light and temperature variations, primarily, cue seasonal gonad devel-
opment in teleosts, although the relative importance of these and other envi-
ronmental triggers differs among various fish species (de Vlaming 1975;
Billard and Breton 1979). Although the timing of final egg maturation and
ovulation is synchronized with photoperiod, some species also have strict sub-
strate requirements for spawning. For example, goldfish and northern pike
require the presence of aquatic vegetation for spawning (Fabricius 1850;
Stacey et al. 1979). No experimental information was found regarding the role
of vegetation in timing of ovulation in other teleosts that utilize vegetation
as a spawning substrate. The selection of the microhabitat where reproductive
activities are to occur is important in maximizing offspring survival.

Changing physical and chemical ‘parameters of the environment can affect the
microdistribution patterns of certain taxa and 1ife stages, and optimal growth
and survival are affected by these habitat variables. Microdistribution pat-
terns may be related to river morphometry or other physical features, such as
tributaries, meanders, or unusual meteorological events. McFadden et al.
(1978) were the first to examine microdistribution patterns for Hudson River
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SPECIES COMPOSITION OF FISH COLLECTED
IN EACH OF THE HUDSON RIVER YEAR CLASS
SURVEYS DURING 1987

TABLE 4-3 (Page 1 of 2)

TAXON

BEACH SEINE

FALL SHOALS

LONG RIVER

Alewife

Bay anchovy
American shad
Bluefish

Bluegill

Brown bullhead
Pumpkinseed

Black crappie

Carp

American eel
Goldfish

Golden shiner
Hogchoker
Tessellated darter
Banded killifish
Emerald shiner
Largemouth bass
Mummichog

Atlantic menhaden
Blueback herring
White sucker
Atlantic silverside
Rainbow smelt
Smalimouth bass
Shortnose sturgeon
Spottail shiner
Atlantic sturgeon
Striped bass
Fourspine stickleback
Atlantic tomcod

To be identified
White catfish
White perch

Yellow perch

Rock bass

Northern pipefish
Redbreast sunfish
Atlantic needlefish
Crevalle jack
Silvery minnow
Weakfish

Lookdown

Alosa sp.

Northern hog sucker

Cyprinidae unidentified

Morone sp.
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TABLE 4-3 (Page 2 of 2)

SPECIES COMPOSITION OF FISH COLLECTED IN EACH OF THE HUDSON
RIVER YEAR CLASS SURVEYS DURING 1987

TAXON BEACH SEINE FALL SHOALS LONG RIVER

Tautog X
Striped cusk-eel
Spot X
Moonfish
Acipenser sp.
Winter flounder
Tidewater silverside
Gizzard shad
Striped muilet
Threespine stickleback
Butterfish
White crappie
Northern pike
Northern puffer
Blacknose dace
Centrachidae unidentified
Spotfin shiner
Unidentifiable X
Central mudminnow
Rough silverside
Summer flounder
Striped searobin
Northern searobin
Atlantic croaker
Atlantic herring
Conger eel
Walleye
Channel catfish
Naked goby X
Windowpane X
Spotted hake
Triglidae unidentified
American sand lance
Gobiidae-gobies
Fundulus sp.
Myoxocephalus sp.
Cottid unidentified
Pleuronectid unidentified
Atherinidae sp.
Bothidae unidentified
Speckled worm eel
Sciaenidae
Gadidae
Gray snapper X
Atlantic cod
Percidae unidentified
Gasterosteidae un-
identified
Tetraodonidae X
(puffer family)
Margined madtom X
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striped bass. They reported life-stage-specific distribution patterns related
to currents and depth.

Changes in temperature, salinity, and dissolved oxygen may also be important
in determining the microdistribution of certain teleosts. Hudson River white
perch distributions are hypothesized to be influenced by temperature and
salinity gradients (LMS 1988). Physiologically, white perch temperature and
salinity preferences are dependent on whether the fish has been exposed to
rising (spring) or declining (fall) ambient temperatures (Meldrim and Gift
1971). Higher temperatures are preferred when ambient temperatures are de-
clining. In summer, preferred temperatures are widely available in the river
and have 1ittle influence on distribution. In the fall, however, with de-
creasing temperatures, white perch tend to seek the warmer water available in
the lower estuary. The extent of their downriver movement appears blocked at
some point by high salinities. Major white perch concentrations seem to occur
near the salt front. '

The Hudson River conditions that affect the microdistribution patterns for
the different life history stages of striped bass, white perch, and American
shad are discussed in the following sections. Morphometric and physical fea-
tures of the river that may affect fish microdistribution, including the loca-
tions of shallow areas, major tributaries, and vegetated areas (NAI 1987), are
illustrated in Figures 4-1a through 4-1g. Many other components of the micro-
habitat not addressed here may influence fish distribution patterns. For
example, although the cover provided by vegetation is important to fish sur-
vival, an index of values in the Hudson River is not available. Other habitat
characteristics associated with areas of increased vegetation, including tem-
peratures, current velocity, and food availability, were not measured. Sub-
strate types as well as areas of cover other than vegetation (rock piles, old
pilings, log debris) may also affect microdistribution. While Carlson (1986)
stated that offshore fish aggregations were most diverse around rock piles
associated with navigation markers and least diverse in the main channet,

Lawler, Matusky & Skelly Engineers



FIGURE 4-1a
PHYSICAL AND VEGETATIVE FEATURES OF
THE HUDSON RIVER ESTUARY
(RM 26 - 152)
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FIGURE 4-1b

PHYSICAL AND VEGETATIVE FEATURES OF
THE HUDSON RIVER ESTUARY
(RM 26 - 152)

NEWBURGH-BEACON
BRIDGE

NEWBURGH BEACON

CORNWALL ON
THE HUDSON

CORNWALL
BAY

CONSTITUTION
MARSH

Aquatic vegetation
BEAR MOUNTAIN

BRIDGE
Scale in Nautical Miles

T°

Border of shallow depths
(<10 feet at mean Jow water)

4-3B



RAILROAD
BRIDGE

MID-HUDSON
BRIDGE

0 2
[}

| o

Scale in Nautical Miles

FIGURE 4-1c

PHYSICAL AND VEGETATIVE FEATURES OF
THE HUDSON RIVER ESTUARY
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microdistributional abundances cannot be determined for the rock pile cover
sites due to their limited occurrence in the areas sampled during this study.

4.3 STRIPED BASS

The striped bass, Morone saxatilis (Walbaum), is an anadromous species with an
Atlantic coast distribution from the St. Lawrence River south to northern
Florida and into the northern Gulf of Mexico. Striped bass were introduced to
the Pacific coast and are now prevalent from Canada to Mexico in the Pacific
Ocean as well as in many freshwater reservoirs (Bailey 1975).

Adult striped bass enter the Hudson River estuary in late winter through early
spring and spawn in May and June. Spawning generally occurs upstream of the
salt front between the Croton-Haverstraw and West Point regions (RM 34-55),
but may extend throughout the estuary. Spawning usually occurs within 25
miles of the salt front in tidal river systems (Tresselt 1952). 1In 1986 and
1987 striped bass spawned in two main locations within the Hudson River estu-
ary. The downriver region is centered at Cornwall Bay (RM 52-65). The
largest concentrations of viable eggs were collected in the immediate vicinity
of the bay (RM 57-59) during both the 1986 and the 1987 ichthyoplankton sam-
pling programs (Figure 4-2). This area of the river has large shallow flats
(Figure 4-1b) with seasonally abundant vegetative mats. Another area of dense
egg collections, between the Poughkeepsie and Kingston regions (RM 76-30)
(Figure 4-2), has more deep areas with limited shoals (Figures 4-1c and
4-1d). Most adults return to the ocean after spawning, although some remain
in the estuary for a time. The distance that striped bass travel from the
mouth of the Hudson River is related to size, with smaller fish moving shorter
distances (Waldman 1988). A majority of the striped bass that move out of the
Hudson River generally remain within an area ranging from Sandy Hook, New
Jersey, to both shores of Long Island and the Connecticut and Rhode Island
coastlines (Waldman 1988).

Striped bass YOY move downriver during the summer to feed in nursery areas
located in the higher salinity waters (McFadden et al. 1978). With decreasing
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fall water temperatures the juveniles move either to the lower estuary or into
adjacent bays and sounds to overwinter before migrating out to sea. Hudson
River striped bass constitute roughly 10 to 50% of Atlantic coastal stocks,
depending on the year (Van Winkle and Kumar 1982).

Female striped bass, which mature between ages 4 and 9, spawn their eggs near
the surface in generally turbid areas of moderately high current or tidal flow
(Rogers et al. 1982). Spawning grounds in the Hudson River are typically
characterized by sand or mud substrates (Wang and Kernehan 1979); incubation
time is usually two to three days, depending on water temperature (Rogers et
al. 1977). Currents move the yolk-sac larvae (YSL) downstream since they are
unable to swim (Mansueti 1958). After approximately one week they have ab-
sorbed available yolk supplies and feed actively on small zooplankton. At the
Juvenile 1ife stage, reached after somewhat less than 30 days in the river
(McFadden et al. 1978), they are described by Boynton et al. (1981) as being
nonselective feeders, traveling in schools along the river shores where
stronger currents are located.

Historically, striped bass made up an important commercial fishery in the Hud-
son River, but high polychlorinated biphenyl (PCB) 1levels resulted in its
closing. Adult striped bass weighing 10 kg or more still attract an active
recreational fishery.

4.3.1 1986 Study

4.3.1.1 Eggs. Striped bass eggs were already present when the Longitudinal
River Survey (LRS) began during the last week of April 1986 (Figure 4-3). The
mean water temperature for the four middle regions of the estuary had reached
12.8°C, the minimum associated with previous peak striped bass spawning ac-
tivity (TI 1981), and this may have initiated the early spawning (DiNardo et
al. 1985). The 1.1 to 2.2°C mean rise observed in spawning areas between the
first and second weeks of the LRS may have induced spawning, as reflected in
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the peak egg abundance during the third sampling week. During the LRS eggs
were collected between the Indian Point and Albany regions (RM 34-152).

The single temporal peak in egg abundance occurred in mid-May (Figure 4-4)
when weekly regional mean water temperatures in the middle estuary ranged from
14.7 to 16.0°C. This unimodal peak is consistent with that observed in most
other years (1976 and 1984 were bimodal). As in 1985 (Versar 1987), peak 1986
egg abundance took place farther upstream than historical records indicate
(Figure 4-5), possibly due to sharply decreasing freshwater inflows prior to
peak spawning activity. From the West Point through Kingston regions (RM
47-93) egg densities were greater than 50/1000 m3 during the sampling week
initiated on 12 May (Figure 4-3). No eggs were found south of the Indian
Point region. Eggs were collected through the end of the 1986 survey in early
July when river temperatures had just exceeded 22°C, considered the maximum
temperature for striped bass spawning activity in the estuary (TI 1981).

4.3.1.2 Yolk-Sac Larvae. Striped bass YSL, initially collected during the
first week of May in 1986, continued to be caught throughout the survey (Fig-
ure 4-6). Collections revealed YSL in all regions north of the Yonkers region
(RM 24-152). Densities exceeded 100/1000 m3 from the Indian Point through
Kingston regions (RM 34-93) from 12 May through 2 June (Figure 4-5); these
densities occurred earlier than historical accounts (Figure 4-4). Peak egg
densities in the Hyde Park region resulted in similar peaks in the YSL density
during the same week and the following week. Geographical distribution was
similar to the long-term mean (Figure 4-5). A YSL density peak in the West
Point region is likely because of the displacement of larvae from lower areas
of the Cornwall region where egg densities were high during the week of 12
May. The temporal shift between 1ife stage peaks reflects an incubation time

of two to three days for striped bass in the Hudson River (Rogers et al.
1977).

Weekly mean temperature and salinity in the middie estuary ranged from 15.1 to
19.9°C and from 0.03 to 0.69 ppt, respectively, during peak YSL abundance from
the 12 May through the 26 May sampling period. These values closely match

4-6
Lawler, Matusky & Skelly Engineers



the 15-18°C temperatures (Rogers et al. 1977) and the 0-1 ppt salinity at 18°C
(Turner and Farley 1971) ranges reported as optimal conditions for growth and
survival of striped bass early l1ife stages. Hatching success of over 80% and
survival following hatching in excess of 65% have been shown by Morgan et al.
(1981) at these temperatures in laboratory tests. Above-normal freshwater
flow (Figure 4-7) may have caused the observed downriver shift of YSL during
the last week of May.

4,3.1.3 Post Yolk-Sac Larvae. Striped bass PYSL, first collected during the
week of 12 May 1986, were collected through the end of the LRS (Figure 4-8).
Peak mean regional densities in excess of 500/1000 m3 occurred during the
weeks of 27 May and 2 June from the Indian Point through Cornwall regions {(RM
39-61). A one-week difference between peak YSL and peak PYSL densities corre-
sponds to the approximate developmental time from YSL to PYSL (Setzler et al.
1980).

Density estimates were greatest from late May to early June (Figure 4-4),
similar to patterns reported in 1975 and between 1977 and 1982. Peak PYSL
densities were roughly one week 1later than those reported in 1985 (Versar
1987), but eariier than the long-term average. Striped bass PYSL density
estimates were greatest in mid- to late June in 1974, 1976, 1983, and 1984.

Geographically, PYSL densities were greatest from the Indian Point region
north through Cornwall Bay. This follows historical records in that more than
60% of striped bass PYSL were collected south of the Poughkeepsie region (Fig-
ure 4-5). High PYSL densities in the middle estuary reflect high YSL den-
sities earlier in the season (previous one to two weeks). Higher-than-average
freshwater flow rates during this period 1ikely moved the YSL downstream
through areas of typically high currents. Mean densities never exceeded
50/1000 m3 north of the Kingston region or in the Yonkers region.

4.3.1.4 Young-of-Year. Juvenile striped bass were first collected during
the LRS in mid-June (Figure 4-89), with a temporal peak in the last sampling
week in June (Figure 4-4), This collection time, similar to that of 1985, is

4-7
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FIGURE 4-4
TEMPORAL INDEX FOR STRIPED BASS EGGS, YOLK-SAC LARVAE,
POST YOLK-SAC LARVAE, AND YOUNG-OF-YEAR COLLECTED IN

THE LONGITUDINAL RIVER SURVEY, 1986
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FIGURE 4-5

GEOGRAPHICAL DISTRIBUTION OF STRIPED BASS EGGS,
YOLK-SAC LARVAE, AND POST YOLK-SAC LARVAE COLLECTED IN
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one of the earliest dates on which juveniles have historically been taken.
YOY striped bass were collected in every sampling period of both the Fall
Shoals Survey (FSS) (Figure 4-10) and the Beach Seine Survey (BSS) (Figure
4-11) o

Striped bass YOY concentrations from the Croton-Haverstraw through Cornwall
regions (RM 34-61) in late June and early July reflect peak PYSL abundance in
the same regions during late May and early June. Declining YOY catches in
upriver sections from September through the end of both the FSS and the BSS
suggest the movement of juvenile striped bass to deeper channel water or down-
river overwintering grounds. This seasonal migration has been reported in
previous Year Class Reports as well, e.g., TI (1981) and NAI (1985a). The
1986 FSS further substantiates this migration, with peak monthly density esti-
mates in the Croton-Haverstraw region from mid-September through late Octo-
ber. The geographical distribution index for the BSS is similar to that of
historical records, with peak shore area catches in the Croton-Haverstraw
region (Figure 4-12).

4.3.1.5 Yearling and Older Fish. VYearling and older striped bass were col-
lected throughout the LRS (Figure 4-13), FSS (Figure 4-14), and BSS (Figure
4-15) in 1986 except for the weeks beginning on 29 April and 12 May during the
LRS. There are no apparent temporal distribution trends, and regional weekly
densities are never in excess of 1/1000 m3.

Yearling or older striped bass were collected throughout the estuary, but no
distribution gradient was apparent from data collected during either the LRS
or the BSS. The FSS samples suggested peak regional densities from the Tappan
Zee through Croton-Haverstraw regions (RM 24-38), probably the result of the
migration of yearling and older fish into areas of increased salinity.

4.3.2 1987 Study

4.3.2.1 Eggs. Striped bass eggs were first collected in late April during
the LRS (Figure 4-16) and were no longer found after the 22 June sampling

4-8
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FIGURE 4-12

GEOGRAPHICAL DISTRIBUTION OF YOUNG-OF-YEAR STRIPED BASS

COLLECTED IN THE BEACH SEINE SURVEY, 1986
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week. As in 1984, bimodal temporal distribution was observed; the largest
peak, in mid-May, was followed by a peak of lesser abundance in mid-June (Fig-
ure 4-17). Egg densities higher than 1/1000 m3 were observed during the first
week in May when water temperatures reached the minimum 12°C required for
spawning activity. Average temperatures were 14.4 and 19.7°C during the first
and second peak densities, respectively. No eggs were collected after temper-
atures rose above 22.8°C.

Striped bass eggs were collected in every region except Croton-Haverstraw dur-
ing the 1987 LRS. Greatest densities were estimated to occur in the Cornwall
and Hyde Park regions. Long-term average geographical indices indicate peak
occurrence in the West Point region, downstream from the 1987 peak in the
Cornwall region (Figure 4-18). Only trace densities were observed in the
Tower estuary. The numbers of eggs sampled here were low, probably because of
minimal spawning in these regions. Given that egg duration is two days at
16.7-17.2°C (Mansueti 1958), river currents could not carry viable eggs to the
Tappan Zee and Yonkers regions from the middle regions of the estuary before
hatching would occur.

4.3.2.2 Yolk-Sac lLarvae. First collected in late April 1987, YSL were col-
lected through the end of June (Figure 4-19), peaking in mid- and late May
(Figure 4-17), roughly one to two weeks after peak egg abundance (one week
later than in 1986). Although the 1987 egg collections indicated a second
spawning peak in June, no corresponding peak was observed in YSL densities.
Peak YSL densities shifted slightly downriver from regions having peak egg
abundance (Figure 4-18). This apparent difference between spatial distri-
bution of eggs and larvae has been suggested in previous years (TI 1981). YSL
catches from the Cornwall through Hyde Park regions were in general approx-
imately five times higher in 1987 than in 1986.

YSL were collected in greatest numbers in the same areas or approximately 3
miles downriver from where large egg numbers were collected during 1986 and
1987 ichthyoplankton sampling efforts (Figure 4-20). YSL are dispersed
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FIGURE 4-18
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FIGURE 4-20

LONGITUDINAL RIVER FREQUENCY DISTRIBUTION BY RIVER MILE

Striped Bass — Yolk Sac Larvae (>250/1000m3) — 1986
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throughout the water column at night, but are concentrated at the bottom dur-
ing daylight, according to McFadden et al. {1978), who reported no consistent
lateral or longitudinal distribution owing to differential tidal stage, bottom
configuration, or shoreline irregularities. Most 1986 and 1987 YSL collec-
tions were made with the Tucker trawl during sampling efforts in the upper
half of the water column.

4.3.2.3 Post Yolk-Sac Larvae. The greatest PYSL abundance during 1987 took
ptace from late May through mid-June in the LRS, with peak density estimated
for the first week of June (Figure 4-21). This peak occurred roughly two
weeks after the YSL peak (Figure 4-17), corresponding to yolk-sac absorption
time. PYSL were collected in trace numbers as early as the 11 May sampling
week and were present through the end of the sampling program.

PYSL were collected throughout the estuary in 1987, with greatest occurrence
in the middle estuarine regions; peak weekly density was estimated in the
Poughkeepsie region. The geographical distribution was upriver from the long-
term mean location (Figure 4-18). Collection abundances were approximately
twice as high in 1987 than in 1986. PYSL were collected in abundance from
the Poughkeepsie region south to Peekskill Bay, with the greatest individual
sample density recorded in the West Point area (Figure 4-22).

4.3.2.4 Young-of-Year. In 1987, YOY striped bass were first collected in the
LRS sampling week of 22 June (Figure 4-23). The greatest densities were col-
lected during the last sampling week, 6 July, of the LRS (Figure 4-17). FSS
and BSS temporal distribution patterns indicate that the greatest abundance of
YOY occurred in late August and early September, with most YOY collected from
the shore zone. YOY striped bass were collected biweekly in the FSS (Figure
4-24) and BSS (Figure 4-25) in most regions of the estuary during every col-
lection period.

Striped bass generally move shoreward and downstream of the spawning area to
shallow-water nursery areas in the lower portion of the river in summer
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(McFadden et al. 1978). Previous Year Class Reports have reported movement of
juvenile striped bass from the offshore strata into the shore zone (NAI 1985b)
or to downriver shoal areas (TI 1981). The BSS spatial distribution pattern
indicates that the greatest densities occurred in the lower estuarine regions
of the Croton-Haverstraw and Tappan Zee regions (Figure 4-26). Decreasing
shoal densities in the lower estuary during late August coincided with in-
creasing densities in the same regions in the shore-zone sampling. These
results suggest that YOY striped bass move from deeper shoal areas to the
shore-zone locations. This movement was followed by an offshore shift in 1986
and 1987 when regional water temperatures dropped to approximately 21°C.
Nearly all juveniles sampled during the FSS were caught in the shoal strata
with the beam trawl, suggesting that YOY striped bass stay close to the shai-
low areas. Similar differences between shoal and shore zones can be observed
if sampling bias is present, i.e., if smaller juvenile fish early in the grow-
ing season are not retained by the mesh used in the beach seine (1.9-c¢m wing
mesh stretch; 0.9-cm bag mesh stretch) (Section 8.1). Increasing swim speed
late in the season may increase juvenile avoidance of the FSS sampling gears,

reducing catch efficiency and leading to an underestimation of sample abun-
dance. '

Based on tagging studies, McFadden et al. (1978) reported that declining juve-
nile abundance in riverwide collections in 1late October and early November
reflected the movement of these fish to lower river locations, adjacent bays,
or Long Island Sound. Marked declines in juvenile catches from the estuary in
late summer 1987 are consistent with these findings. This spatial distri-
bution shift coincides with declining estuary temperatures.

4,3.2.5 Yearling and Older Fish. Striped bass yearling (members of the 1986
year class) and older fish were collected throughout the 1987 LRS (Figure
4-27), FSS (Figure 4-28), and BSS (Figure 4-29). 1In general, the temporal
distribution did not change throughout the sampling period. The greatest den-
sities were observed in the middle and lower regions of the estuary, pri-
marily in the Croton-Haverstraw and Tappan Zee regions. All upriver stations
recorded sporadic catches of low density. Migration out of the Hudson River

4-11
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is suggested by the near absence of yearling and older striped bass from
regions north of the Tappan Zee region in the BSS and FSS in late fall and in-
creasing appearance in the Yonkers region.

4.4 WHITE PERCH

White perch, Morone americana (Gmelin), are endemic to the coastal rivers and
estuaries of North America, occurring from Nova Scotia to South Carolina
(Scott and Crossman 1973). They have invaded the lower Great Lakes and have
been introduced into many inland reservoirs (Woolcott 1962; Scott and Christie
1963). Except for landlocked freshwater populations, this euryhaline species
is considered semi-anadromous since it exhibits seasonal spawning migrations,
but it is Timited to estuary regions in its overall distribution. White perch
are found in the Hudson River from the Battery at Manhattan to the Troy Dam at
Albany (RM 0-152) (TI 1981). They are most common in brackish waters, but may
be found in areas with salinity concentrations ranging from 0 to 30 ppt (NAI
1985b).

White perch are prolific spawners that deposit demersal adhesive eggs over
shoals and in estuary tributaries (Bath and 0'Connor 1982). Holsapple and
Foster (1975) reported that the relationship of Hudson River white perch
length to egg production was curvilinear; the number of ova produced ranged
from 33,000 to 185,000 for 3- to 8-year-old females. Spawning usually occurs
upriver in areas of fresh water, but may occur in saline areas up to 5 ppt
(Hardy 1978). During the fall the adults move downriver to overwintering
grounds (LMS 1987). Offshore movement to deepwater overwintering areas from
Yonkers to Indian Point (RM 12-46) is reported by Texas Instruments (1981).

During 1986 and 1987 egg densities over 1000/1000 m3 were usually associated
with areas of aquatic vegetation (Figures 4-1a - 4-1g). Egg densities greater
than 250/1000 m3 were found in vegetated shallows as far downriver as ConHook
(RM 49) and Constitution Marsh (RM 54) during 1986 (Figure 4-30). Consistent-
1y large egg catches were made between Cold Spring and Danskammer Point (RM

4-12
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55-66), an area with extensive vegetative floating mats, primarily of water
chestnut (Figure 4-1b). Similarly large catches (over 1000/1000 m3) were made
throughout the Hyde Park and Kingston regions (RM 77-93) in 1986; 1large
catches were scattered in the regions in 1987.

Another river area of large spawning activity is between Esopus Creek (RM 103)
and Catskill Creek (RM 113), two large tributaries of the Hudson River (Figure
4-1e). This area of the river has extensive vegetated shallows, with water
depths less than 3 ft at mean low tide. Five ichthyoplankton collections in
this area produced large egg densities, including three over 10,000/1000 m3,
during a period of sudden high freshwater flow. These high collection den-
sities may in part reflect dislodgement from adjacent tributaries. Large egg
numbers were also observed between RM 123 and 130, an area of large vegetated
shallows with numerous bays and tributaries. All white perch spawning areas
were located upriver from the salt front.

Larval and juvenile white perch feed on cladocerans, copepods, and amphipods
(Marcy 1976; Elrod et al. 1981). Adults are predatory, relying on inverte-
brates such as Gammarus, annelids, bryozoans, and various crustaceans (de
Sylva et al. 1962; Moore et al. 1975) and increasing amounts of fish and fish
eggs (Elrod et al. 1981). No major fishery exists for white perch in the Hud-
son River even though it is the most abundant predatory fish within the estu-
ary. The Chesapeake and Delaware bays, however, support an important commer-
cial fishery of white perch (IA 1984).

4.4.1 1986 Study

4,4.1.1 Eggs. White perch eggs were caught during every week of the 1986 LRS
program (Figure 4-31), with the greatest densities appearing in the first sam-
pling period in the Catskill region when the weekly mean water temperature was
14.3°C. Hardy (1978) reported that white perch spawning generally begins as
water temperatures reach 14.0°C; however, peak white perch spawning has oc-

4-13
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curred in the Hudson River estuary at a temperature of 13°C (NAI 1985a). It
is possible that spawning activity began prior to the first LRS sampling date
on 29 April.

Temporally, a bimodel density pattern was observed (Figure 4-32). Examination
of individual samples revealed that adults were caught in ichthyoplankton gear
during April sampling efforts. Ripe females caught in the sampling gear could
have released eggs into the collection nets, resulting in biased density esti-
mates for April. However, it is possible that peak egg estimates at this time
reflect actual spawning activity since the most abundant sample (29,163/1000
m3) did not contain any adult white perch.

The second abundance peak that occurred three weeks later in the Catskill and
Saugerties regions could be explained in two ways. White perch eggs are de-
mersal and highly adhesive, with low vulnerability to LRS sampling tech-
niques. As stated previously, above-average freshwater flows (Figure 4-7)
during this period may have dislodged the eggs, which increased collection
densities. White perch egg standing crop has been found to be correlated to
freshwater flows (NAI 1985a); therefore, densities reported may be related in
part to the magnitude of freshwater flow. Along with increased dislodgement,
there may have been an increase in spawning activity. Spawning and egg devel-
opment are influenced by increases in water temperature combined with 1low
salinity (Morgan and Rasin 1982). During the week before the May egg abun-
dance peak, mean water temperatures rose from 16.9 to 19.4°C in the Catskill
region. Klauda et al. (1988) reported peak egg deposition to occur at 16 to
20°C in the Hudson River. Peak YSL abundance in early May reflects the April
peak egg densities; a lower YSL peak in late May-early June may reflect the
mid-May egg density peak.

White perch eggs were found in every region north of Yonkers during the 1986
LRS, with mean weekly densities in late April to early June exceeding 100/
1000 m3 throughout the estuary north of the Indian Point region (Figure
4-31). Catches in the lower estuary took place during high freshwater flow in
late May when recorded salinities dropped to 1.7 ppt. These salinities are
within the 2 ppt reported to be the 1imit of preferential spawning conditions
4-14
Lawler, Matusky & Skelly Engineers
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(Mansueti 1961; TI 1981). Peak egg abundance was located in the Catskill
region (RM 77-124) (Figure 4-33); geographical distribution patterns were con-
sistent with long-term trends.

4.4.1.2 Yolk-Sac Larvae. White perch YSL were already present in most of the
upper and middle estuary when the 1986 LRS program began (week of 29 April)
(Figure 4-34). The greatest larval abundance was observed during the first
week of May (Figure 4-32), one week after the first egg abundance peak, when
the weekly mean temperature was 14.7°C. Morgan and Rasin (1982) reported tem-
peratures of 14.1°C as being optimal for egg hatching. The temporal peak
reported is two weeks earlier than the historic mean peak date (Figure 4-32).
YSL continued to be collected in decreasing densities through the last sam-
pling period in June. No YSL were collected after the 30 June samp1ing
period. This pattern of YSL density suggests that the peak egg density in
April reflects peak egg deposition.

White perch YSL were collected in every region of the estuary during the 1986
LRS program (Figure 4-34). Sample densities of larvae exceeding 750/1000 m3
were collected between the Poughkeepsie and Catskill regions (RM 62-124), with
peak weekly abundance occurring in the Saugerties region (RM 94-106). YSL
were collected primarily from the Hyde Park through Catskill regions during
the LRS sampling program (Figure 4-33). A small proportion of the larvae were
found downriver as far as the Yonkers region, possibly as a result of being
carried downstream with the late May increase in freshwater river flow.

4.4.1.3 Post Yolk-Sac Larvae. White perch PYSL were first collected in the
week of 5 May during the 1986 LRS program (Figure 4-35). Peak regional PYSL
density in excess of 5000/1000° m3 was measured during the 12 May sampling
week; samples in excess of 100/1000 m3 were collected during the final sam-
Pling week. Peak PYSL abundance followed the YSL peak by one week (Figure
4-32); the time period required for yolk absorption is four to 13 days (Hardy
1978). The 1986 peak in post yolk-sac abundance was two weeks earlier than in
past surveys.

4-15
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FIGURE 4-33
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Post yolk-sac larvae were collected in every region of the estuary, with
greatest abundance between the Poughkeepsie and Saugerties regions (RM
62-106). The distribution pattern is similar to that for the YSL except that
PYSL appear to be shifted downriver by one region (Figure 4-33). This shift
is likely due to the planktonic nature of the larvae, which allows transport
with river flows. This is further exemplified by the downriver shift in PYSL
density in late May following the increased freshwater river flow that peaked
on 23 May (Figure 3-35). ’

4.4.1.4 Young-of-Year. White perch YOY were first collected during the 16
June 1986 sampling week from the West Point through Kingston regions (RM
47-93) (Figure 4-36). This first encounter followed the peak density of PYSL
by approximately five weeks (Figure 4-32). The time lapse between peak PYSL
abundance and the appearance of YOY corresponds to life stage developmental
requirements of about five weeks (Mansueti 1961).

White perch YOY were collected in every sampling period of both the FSS (Fig-
ure 4-37) and BSS (Figure 4-38) programs in 1986; greater average densities
were collected by the FSS. In late July and early August white perch YOY were
most abundant in the middle and upper estuary BSS samples, the FSS samples
having greatest densities in the middle estuary. As river temperatures
dropped in late September and early October, YOY fish were collected in de-
creasing numbers from the shore zone, especially in the upper and middle estu-
ary. In late October and throughout November greater YOY densities were
caught by FSS sampling gear in the lower half of the estuary; peak densities
were from the Indian Point through Cornwall regions (RM 39-61). Downriver
movement is suggested because of the declining upriver fall shore-zone densi-
ties without corresponding increases in adjacent shoal densities; also, fall
shoal densities in the lower half of the estuary increase during this time.
This downriver movement is 1likely linked to the downriver shift in the salt
front during this time period (Figure 3-39) (LMS 1987). Similar results were
observed in the white perch stock assessment program conducted from September
to December (LMS 1987, 1988). YOY densities were higher in the middle and
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upper estuary (West Point-Saugerties regions, RM 54-107) than in the Tlower
estuary (Piermont-Bowline Point regions, RM 26-37). Catches decreased mark-
edly from the upper and middle estuary regions starting in early to mid-
November.

The historic BSS geographical distribution peaks from the Croton-Haverstraw to
the West Point region (Figure 4-40); a similar pattern was observed in 1986.
This is a downriver shift from the PYSL distribution (Figure 4-33), again
indicating a downriver movement.

4.4,1.5 Yearling and Older Fish. Yearling and older white perch were col-
lected during every sampling period of the 1986 LRS (Figure 4-41), FSS (Figure
4-42), and BSS (Fiqure 4-43) programs in almost all regions of the estuary.
The 1986 LRS suggests a shift in yearling and older fish abundance from the
Croton-Haverstraw through West Point areas north to the middle and upper estu-
ary in mid-May. This movement 1ikely corresponds to the upriver shift in the
salt front (Figure 4-39) during this time (see Section 3.4.3).

No temporal distribution peak was apparent in 1986, and there was a slight
increase in abundance in the FSS samples collected in October. Shore-zone
catches were generally greatest in July and August; the peak beach seine
catch, however, was during early November in the Indian Point region.

Both the FSS and BSS results indicate that yearling and older white perch were
most abundant in the lower and upper estuary regions in 1986, with peak abun-
dances in the Tappan Zee, Croton-Haverstraw, Kingston, and Saugerties regions;
most catches were from the bottom strata. In the FSS in late September to
early November highest densities were observed in the upper estuary; similar
results were observed in the white perch stock assessment program (LMS 1987).
Decreasing BSS sample densities in October and November coincided with in-
creasing FSS sample densities, which suggests offshore movement. The lack of
decreasing densities in the FSS is likely the result of the temporal extent of
the program; a decline in yearling and adult white perch densities starting in
November was observed from other trawl samples in the white perch stock as-
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FIGURE 4-40

GEOGRAPHICAL DISTRIBUTION OF YOUNG-OF-YEAR WHITE PERCH

COLLECTED IN THE BEACH SEINE SURVEY, 1986
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sessment program (LMS 1987). As with the YOY, a slight increase in lower
estuary abundance as upper estuary catches decrease probably indicates that
yearling and older white perch are moving downriver with the salt front.

4.4.2 1987 Study

4.4.2.1 [Eags. Eggs were collected for the first time during the 20 April
sampling week of the 1987 LRS and continued to be collected throughout the
sampling program (Figure 4-44). White perch eggs may have been present during
the previous week, but none of the stations in the middle estuary were sam-
pled. Greatest egg densities occurred in May and peaked during the sampling
weeks of 11 and 18 May (Figure 4-45). The large estimated density for the
Kingston region during the 18 May sampling period suggests that other than
normal sampling conditions prevailed. Low egg densities located both tempo-
rally and spatially adjacent to this sample and no corresponding YSL abundance
suggest the likelihood of an overestimation. The possibility of capturing
large adhesive egg masses could result in an unrealistic representation of
spatial and temporal distributions. Examination of the 18 May field data
revealed that there were coincidental catches of ripe females during 75% of
the Kingston region samples that were greater than 1000/1000 m3, which may
have resulted in the exudation of eggs. Eggs collected by this method would
bias the sample, resulting in an overestimation of regional density. All
potentially affected samples were taken in the shoal stratum from RM 92 and 93
where white perch spawning is known to occur.

Eggs were collected in 1987 from all regions in the estuary. The highest den-
sities were noted from the Cornwall region north (RM 56-152). Discounting the
Kingston region estimate, density peaks were sampled in the Poughkeepsie and
Catskill regions (Figure 4-46), which are downriver of the historic pattern of
peak occurrence in the upper estuary. Throughout the LRS program, egg den-
sities of less than 10/1000 m3 were estimated for regions south of Indian
Point.
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FIGURE 4-45

TEMPORAL INDEX FOR WHITE PERCH EGGS, YOLK-SAC LARVAE,

ks
S
.
L
[N

EY
%
w k)
T N,
Z ] Ne,
m i 4
= g!
m 2 kY
K
Q%
Oo K
x .
i "
> > ik
{1
o— w ¥ 8 xmnz_szOmZWh ® °
0]
Z i
5
o= Y
>
0 3 A
Z= ~ |4
M,w s
S E A\
xc O
<8 i, A\
M - . %////%W/////////w
2 MY,
= AL
> N,
» \
O S
o. —
e 3 & e °

X3ONI TYHOdWIL

DATE

DATE

White Perch

young —of —year

White Perch
post yolk —sac larvae

8

A LA
“

Ve

5

5

5

kY

kY

\

1y

N,

NN
MNNY
MMM
AN,
A\ »
%%y

N

8

0

8 e
230N TYHOJW31

DATE

DATE

LEGEND

4-18B

Bars represent index values for 1987,
Lines represent average for 1974-1986.



FIGURE 4-46

GEOGRAPHICAL DISTRIBUTION OF WHITE PERCH EGGS,
YOLK-SAC LARVAE, AND POST YOLK-SAC LARVAE COLLECTED IN
THE LONGITUDINAL RIVER SURVEY, 1987
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4.4.2.2 Yolk-Sac larvae. YSL were first sampled during the 20 April 1987
sampling week and were present in LRS samples through the end of June (Figure
4-47). Greatest occurrence was during May, with peak density estimated for
the 11 May sampling week, one week earlier than the historic average period
(Figure 4-45).

YSL were found only at trace levels (<10/1000 m3) below the West Point region
(RM 12-46). Greatest abundance was distributed between the Poughkeepsie and
Catskill regions (RM 62-124), with peak density estimated in the Kingston
region (Figure 4-46). This peak is downriver from the historic peak. YSL
densities were downstream from the areas of dense egg collections. Based on
comparisons between peak egg location and large larval densities, net movement

of YSL appeared to be roughly 4-5 miles downstream in 1986 and 1987 (Figures
4-30 and 4-48).

4.4.2.3 Post Yolk-Sac Larvae. PYSL first appeared in late April 1987 and
were still present at the end of the LRS in early July (Figure 4-49). Peak
densities were collected from mid-May through early June, in densities greater
than 500/1000 m3 until late June. Peak temporal distribution was during the 1

June sampling week, one week earlier than the recorded long-term mean (Figure
4-45)0

White perch PYSL were most abundant in the middle and upper estuary. Only
trace numbers (<10/1000 m3) were generally collected below the West Point
region (RM 12-55). Greatest density estimates were from the Poughkeepsie
through Saugerties regions (RM 62-106). Peak regional density was in the Hyde
Park region (Figure 4-46). This spatial distribution is slightly downriver
from that of the YSL (Figure 4-50), Throughout June 1987 there was an in-
crease in upper estuary PYSL abundance, suggesting movement of larvae out of
larger tributaries in the northern regions. Low tidal effects in this area
would 1imit possible upriver movements.
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FREQUENCY

LONGITUDINAL RIVER FREQUENCY DISTRIBUTION BY RIVER MILE
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FIGURE 4-48

White Perch — Yolk Sac Larvae (>250/1000m3) ~ 1986
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LONGITUDINAL RIVER FREQUENCY DISTRIBUTION BY RIVER MILE
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FIGURE 4-50

White Perch — Post Yolk Sac Larvae (>2000/1000m3) — 1986
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4.4.2.4 Young-of-Year. White perch YOY were first collected during the 1987
LRS sampling week of 22 June (Figure 4-51). This was approximately five to
six weeks after PYSL were starting to be observed. The highest YOY densities
were observed in the 6 July sampling week, the last week of the survey (Figure
4-45), YOY were collected in all biweekly samples during the FSS (Figure
4-52) and BSS (Figure 4-53). Greatest densities were recorded in early Novem-
ber in the FSS and in mid-August in the BSS.

The BSS catches were relatively constant from the start of the program in mid-
June through early August, increased slightly, and then essentially disap-
peared from the samples in October; catches were evenly distributed from the
Croton-Haverstraw through Catskill regions (RM 34-124), with slight peaks in
the West Point and Catskill regions (Figure 4-54). FSS collections in 1987
suggest that white perch YOY were abundant in regions north of West Point
throughout the sampling program; a similar density distribution was observed
in the white perch stock assessment program (LMS 1988). Greatest densities
were observed in these regions during October and November. Lower estuary FSS
sampling did not have white perch YOY densities above 1/1000 m3 in any region
downstream of Indian Point until early October. At this time fewer YOY were
caught in beach seine samples, whereas the concurrent shoal sampiing efforts
caught larger numbers of white perch YOY. This suggests that offshore move-
ment occurs at this time; regional shore-zone temperatures throughout the
study area dropped below 20°C (Appendix B) at this time. Increasing density
in the lower estuary in October and November, accompanied by decreases in
shore-zone density and increases in bottom density, has been noted in previous
years as well (TI 1981; Battelle 1983; NAI 1985%a). Peak density occurred in
the Hyde Park region during the 19 October sampling period of the FSS. De-
creases in YOY white perch densities were observed in the white perch stock
assessment program starting in November (LMS 1988); because of the temporal
extent of the FSS this decline was not observed. The 1987 distributional
shifts further substantiate the hypothesis that juveniles move offshore as
temperatures decline.
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4.4.2.5 Yearling and Older Fish. In 1987 yearling and older white perch were
collected in every sampling period of the LRS (Figure 4-55), FSS (Figure
4-56), and BSS (Figure 4-57) programs in almost all regions of the estuary.
The 1987 LRS distribution pattern suggests that there was an upriver shift
similar to that reported for 1986 in late April and early May, which also
corresponds to the salt front advancing upriver. LRS and FSS density esti-
mates for regions north of West Point indicate that abundance peaks occurred
in mid-May to early June and in late August to early September. After Septem-
ber, abundances in the middle and upper regions tended to decrease; a similar
decrease in yearling and older fish was observed at this time in the white
perch stock assessment program (LMS 1988).

In the BSS the highest densities of yearling and older fish occurred between
the Tappan Zee and Indian Point regions (RM 24-46). VYearling and older white
perch were concentrated in the shore zone of the lower estuary until mid-Sep-
tember when water temperatures in the shore zone declined (Appendix B). As
lower estuary BSS catches declined, deeper water FSS samples increased in
abundance. In the FSS increasing yearling-and-older density in the lower
estuary also coincides with decreasing upper estuary density, suggesting that
both downriver and offshore movements occur, as reported in past years (TI
1981). '

Abundances of yearling and older white perch in the bottom strata north of
the Poughkeepsie region increased throughout July and August during the 1986
and 1987 FSS. Peak bottom strata catches for both years occurred in early
October and early September, respectively. Coincident with a decrease in bot-
tom catches following these peaks is an increase in channel strata catches in
late October and earily November. This shift suggests that yearling and older
white perch not only move from the upriver bottom strata to lower estuarine
overwintering areas, but that they also shift from the bottom strata to chan-
nel strata in the upper and middle estuary. Similar abundance shifts between

strata in the upper and middle estuaries occur with Juvenile white perch pop-
ulations. ’
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4.5 ATLANTIC TOMCOD

The Atlantic tomcod, Microgadus tomcod (Walbaum), an anadromous euryhaline
species of the family Gadidae, inhabits the Atlantic coast from Canada to
Virginia (Peterson et al. 1980). In the Hudson they occur as far upriver as
the Saugerties region, but are uncommon above the Kingston region. Adult
tomcod enter the estuary in November to spawn over sand or gravel bottoms in
fresh water; fertilization is limited to salinities of less than 2 ppt (Booth
1967). Demersal adhesive eggs, deposited between December and February, have
an incubation time of about 24 days at 6°C. Upon hatching, the buoyant larvae
drift downstream to waters with higher salinity where larval development oc-
curs (Peterson et al. 1980). VYolk-sac absorption occurs in four to five
days. As salinity decreases in the middle estuary toward fall, juvenile
tomcod move downriver to the lower estuary and adjacent coastal areas.

4.5.1 1986 Study

4.5.1.1 Eggs. Atlantic tomcod eggs were not present during the 1986 LRS pro-
grams. This is not surprising as tomcod spawn in the winter and the temporal
extent of the LRS does not cover this time period. Limited seasonal sampling
dates also did not facilitate egg collection. ' -

4.5.1.2 Yolk-Sac Larvae. No Atlantic tomcod YSL were present in the 1986
sampling program; in previous years, however, when the LRS started in March,
YSL were collected through early April (Battelle 1983).

4.5.1.3 Post Yolk-Sac larvae. In 1986 Atlantic tomcod PYSL were collected
from the first sampling week (29 April) of the LRS through mid-May (Figure
4-58). In previous years maximum abundance has occurred in early to mid-
April. The initial LRS sampling week in 1986 may have been preceded by peak
larval densities. Larval abundance diminished by mid-May of the sampling
schedule. PYSL were found mainly from the Yonkers region to the West Point
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region (RM 12-55), with trace numbers (<4/1000 m3) found as far upriver as
the Albany region.

4.5.1.4 Young-of-Year. Juvenile tomcod were present in the Hudson River at
the initiation of the 1986 LRS (Figure 4-59), FSS (Figure 4-60), and BSS (Fig-
ure 4-61), and continued to be collected throughout the sampling period of
each program. In all three programs YOY were caught mainly in the lower estu-
ary, in greatest numbers in the West Point, Indian Point, and Yonkers
regions. Peak abundance occurred in May in the Indian Point and West Point
regions. In the LRS and FSS catches were highest in the early part of the
programs and declined with time. As FSS Atlantic tomcod YOY densities de-
clined, shore-zone catches increased. Peak geographical distribution occurred
in the Tappan Zee region (Figure 4-62).

4.5.1.5 Yearling and Older Fish. Combining the 1986 LRS (Figure 4-63), FSS
(Figure 4-64), and BSS (Figure 4-65), yearling and older Atlantic tomcod were
caught from May through the end of November. In the BSS Atlantic tomcod were
collected only in trace numbers (<0.1/haul), and solely from the Tappan Zee
region between late August and the end of the program in November (Figure
4-65). The FSS program collected yearling and older tomcod with increasing
abundance during October and November, mainly in the Tappan Zee and Yonkers
regions, probably because of adults moving into the estuary to spawn. Region-
al abundances were greatest in the 1lower estuary; however, trace numbers

(<0.1/1000 m3) were sampled in the FSS program as far upriver as the Catskill
region,

4.5.2 1987 Study

4.5.2.1 Eggs. As in the 1986 LRS study, no Atlantic tomcod eggs were col-
lected during the 1987 LRS because of the temporal extent of the program.
Also, Timited seasonal sampling dates did not facilitate egg coliection.
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4.5.2.2 Yolk-Sac Larvae. No Atlantic tomcod YSL were present during the 1987
sampling program; in previous years, however, when the LRS started in March,
YSL were collected through early April (Battelle 1983).

4.5.2.3 Post Yolk-Sac Larvae. PYSL were present in large numbers (>250/
1000 m3) in mid-April 1987, when the LRS program began (Figure 4-66); the den-
sities remained high until May. Tomcod PYSL catches were limited mainly to
the Yonkers and Tappan Zee regions. They were collected, however, as far
upriver as the Poughkeepsie region. Peak densities occurred in the Yonkers
region during mid- and late April, probably at or later than their peak abun-
dance as reported in previous years.

4.5.2.4 Young-of-Year. Atlantic tomcod YOY were first collected during the
1987 LRS sampling week of 20 April (Figure 4-67) and were present in catches
through the end of the FSS (Figure 4-68) and BSS (Figure 4-69) in November.
Greatest densities occurred in the LRS from late April through eartly June;
peak densities were estimated to have occurred during mid-May. In the FSS
Atlantic tomcod YOY densities declined steadily throughout the sampling
period. After August, mean regional densities were always less than 10/1000
m3. Beach seine collections were sporadic and of low density, reflecting a
deeper water preference by juveniles.

In the LRS Atlantic tomcod were found mainly from the Yonkers through Cornwall
regions, but some YOY were collected in all regions. Densities of 1/1000 m3
or more wére typically limited to regions where mean salinity was greater than
1 ppt. Peak YOY density occurred in the Yonkers region. Juveniles were col-
lected north of the West Point region on only one occasion during the BSS.
The BSS geographical distribution pattern observed was similar to that of pre-
vious Year Class Reports (Figure 4-70).

4.5.2.5 Yearling and Older Fish. VYearling and older Atlantic tomcod were
collected in every sampling period of the 1987 LRS (Figure 4-71) and FSS (Fig-
ure 4-72) programs. Temporal distribution was nearly evenly distributed
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FIGURE 4-70

GEOGRAPHICAL DISTRIBUTION OF YOUNG-OF-YEAR ATLANTIC TOMCOD

COLLECTED IN THE BEACH SEINE SURVEY, 1987
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throughout the LRS, with only a slight peak in late April. Beach seine
catches were recorded from late August through the final sampling week of the
BSS (Figure 4-73); all but one catch was made at the Tappan Zee region. As in
the 1986 FSS and BSS, yearling and older Atlantic tomcod densities increased
in late fall, probably as a result of fish moving upriver to spawn.

Spatial distribution was limited primarily to the Yonkers and Tappan Zee re-
gions, with greatest densities estimated in the bottom strata. Yearling and
older tomcod abundance increased upriver through the Poughkeepsie region dur-
ing June and July and appeared to be limited to waters with salinities greater
than 1 ppt. The increasing occurrence of tomcod in freshwater portions of the
estuary throughout September and October 1ikely reflects upriver movement re-
lated to spawning.

4.6 AMERICAN SHAD

The range of the American shad, Alosa sapidissima (Wilson), an anadromous
fish belonging to the herring family Clupeidae, extends from Newfoundland to
Florida. Spawning occurs in the spring in freshwater tributaries of coastal
rivers. American shad are found throughout the Hudson River estuary. Their
migration is impeded by the Federal Dam at Troy, New York (Sheppard 1976).

American shad generally spawn in flat, shallow areas or in river channels
where sand and/or gravel substrates are present. Water depths are usually 3
to 30 ft, with currents from <1 to >3 fps (Walburg and Nichols 1967). Spawn-
ing was observed by Chittenden (1969) in waters as shallow as 6 to 12 in.
Smith (1907) concluded that although flats are the typical spawning location,
egg deposition could also occur elsewhere. Spawning in the Hudson River
occurs in tributaries as well as in river flats, primarily from the Hyde Park
to Catskill regions (RM 77-124) when water temperatures are from 7 to 14°C (TI
1981). American shad spawning locations in 1986 and 1987, as inferred from
coincidental targe egg densities (>10/1000 m3), were scattered upriver from
Kingston (RM 92), with greatest abundance between Coxsackie and the Binmnen
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Kill (RM 125-136) (Figure 4-74). During 1987 large egg densities were also
found from RM 139 to 142, with densities from 100 to 1000/1000 m3 collected
upriver to Albany (RM 151). No spawning areas were indicated in these upper
reaches of the estuary in 1986, probably because the sampling effort began
after spawning events had occurred. Egg collections in 1987 first occurred in
the Catskill and Albany regions (RM 107-151), when mean regional weekly water
temperatures were 13.0 and 12.5°C, respectively. During the initial 1986 sam-
pling week the temperatures were already above 14°C in these same regions.
Walburg and Nichols (1967) reported that American shad can spawn at water tem-
peratures from 8 to 26°C, but that most spawning occurs from 12 to 21°C. Most
of the river areas where eggs were collected in large density (>10/1000 m3)
were adjécent to shallow flats and bays or were near large river tributaries
(Figures 4-1b to 4-1g). Mansueti and Kolb (1953) noted that at suitable water
temperatures American shad will spawn wherever they are in the river.

The eggs of American shad are demersal and nonadhesive, with each female typi-
cally laying over 50,000 (Leggett 19638). After spawning, those adult shad
that survive return to the ocean to spend summers in the Gulf of Maine (Scott
and Crossman 1973). In many rivers north of Chesapeake Bay, adults may return
to spawn as many as five times, with spawning first occurring at age 3 or 4
(Leggett and Carscadden 1978). Mansueti and Hardy (1967) reported incubation
time from two days at 27°C to 17 days at 12°C. Larvae are no longer dependent
on their yolk-sac after five days at 17°C (Mansueti and Hardy 1967) and feed
throughout the summer on copepods, terrestrial insects, and certain cladoc-
erans (Domermuth and Reed 1980). As fall river temperatures decline, the
juvenile shad migrate out of the estuary and remain in the ocean until mature
(approximately three to five years). Adult shad are commercially harvested
each spring, primarily from the lower river through RM 144 (Kahnle and Brandt
1984)., Sport harvest has not been assessed in the Hudson, but is relatively
popular and occurs in the same reach.
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!lll’l'lllll‘l'u"'JllIM.—JJll“uTJullW—“ !l'l"““‘r"""r"""ﬂ""
30 35 40 45 50 55 60 65 70 7% 80 85 90 95 100105110115120125130135140145150
RIVER MILE
American Shad — Eggs (>10/1000m3) ~ 1987

.
-
lll I LJMl I

30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110115120125130135140145 150

g = ?, ® =

- _ @ o K Z e
s = 5 o o 03 @y = < x o]
2 ) z Ex W 328 329 Tx Yx ¢ Vg a
o> X > > ae fake] Qy » U 0% @ (=
>0 g juiga) ay € 38 8\.. 0593 Q&) g oC 5\
o0 oo om =15} 2 Us Jo 36 a5 £ WO 2
= o O = S Q o -

4-26A



4.6.1 1986 Study

4.6.1.1 Eggs. In 1986 American shad eggs were most abundant in the Hudson
River estuary during the first week of sampling (29 April through 4 May).
Extensive concentrations were located in the Catskill and Albany regions (Fig-
ure 4-75). Previous Year Class Reports have reported peak egg density for
shad in early to mid-May. The late April peak abundance in 1986 was also
reported in the 1978 Year Class Report when a bimodal peak was observed (T1
1980). Shad eggs were caught in all regions north of the Indian Point region,
with mean regional density estimates exceeding 10/1000 m3 from the Kingston to
the Albany region (RM 86-151). Similar spatial distribution and peak density
were reported in previous Year Class Reports from 1979 through 1984 with the
exception of 1982.

Peak spawning temperatures have been reported from several shad spawning
rivers: 16 and 17°C for Virginia streams (Massman 1952), approximately 18°C
for Canadian waters (Scott and Crossman 1973), and peaks of 22°C in 1967 and
14.8°C in 1968 in the Tlower Connecticut River (Marcy 1976). The recorded
water temperature of 14 to 15°C during the initial sampling run, when program
egg densities were highest in the upper estuary, approximates those recorded
by Marcy (1976) for the Connecticut River. Spawning likely started prior to
the initial sampling run since American shad can spawn at temperatures as cold
as 8°C (Walburg and Nichols 1967).

In 1986 American shad eggs were collected in the upper estuary until the end
of June when water temperatures were 23°C. Egg densities above 10/1000 m3,
however, were not collected from any sample region after water temperatures
rose above 21°C. All of the high egg densities in both 1986 and 1987 were
sampled during shoal sampling efforts; most were collected with the epibenthic
sled. In plankton sampling by Massman (1952) American shad eggs were six
times more abundant in bottom than surface collections. A slight bimodal tem-
poral distribution of egg densities was noticeable in the upper estuary. The
first peak, which occurred during the initial sampling run, was followed by a
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Tower peak toward the end of May. The second peak corresponds to a period of
above-normal water flow (Figure 4-7); therefore, the high densities observed
may represent increased egg vulnerability to the sampling gear rather than a
second spawning peak. '

4.6.1.2 Yolk-Sac lLarvae. 1In 1986 YSL were already present in the estuary
when the LRS was initiated and were collected throughout the sampling program
(Figure 4-76). Greatest abundances occurred from early May through early
June. Peak YSL abundance followed the first peak in egg density by about one
week. YSL were concentrated in the Albany and Catskill regions, with trace
numbers sampled as far downriver as the Poughkeepsie region. This is the
typical spatial distribution pattern reported in most previous years (TI 1981;
Battelle 1983; NAI 1985a; Versar 1987). In 1984 shad YSL were sampled at den-
sities exceeding 100/1000 m3 as far south as the Indian Point region. This
occurred during periods of above-average freshwater flow.

4.6.1.3 Post Yolk-Sac Larvae. American shad PYSL were present in the 1986
LRS beginning in mid-May and were collected throughout the sampling program
(Figure 4-77). Peak abundance was estimated during early June, with densities
tapering off throughout the month.

Greatest densities were estimated for the Catskill region during the 2 June
sampling week. As in most previous years, PYSL abundance was spread through-
out the upper estuary, with catches occurring as far south as the Croton-
Haverstraw region. The presence of larvae in the lower estuary in early June
was 1likely the result of downstream dispersion caused by the above-average
flow in late May.

4.6.1.4 Young-of-Year. YOY were first collected during the seventh sampling
week (9 June) of the LRS 1986 (Figure 4-78) and were present in every sample
run of the FSS (Figure 4-79) and BSS (Figure 4-80) programs. Peak density
occurred during the last week of June and the first week of July from the
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LRS. Beach seine collections had greatest densities from the beginning of the
program in mid-July through early September.

Throughout most of the sampling program YOY American shad were in greatest
densities from the Poughkeepsie region through the Catskill region (RM
62-124). During beach seine collections most YOY catches were made from the
Saugerties region through the Albany region (Figure 4-81). Downriver move-
ments became apparent in October and November. During this period upper estu-
ary densities declined as abundance increased in the lower estuary. American
shad YOY move downriver in the Hudson River (TI 1980, 1981), as evidenced by
the 1986 Croton-Haverstraw region collections in mid-June and increasing lower
estuary abundance beginning in mid-July. Only trace numbers were collected in
the middie and upper estuary in November.

4.6.1.5 Yearling and Older Fish. Yearling and older American shad were col-
lected during the initial sampie week (29 April) of the 1986 LRS (Figure 4-82)
and were caught sporadically in low numbers throughout the program. The FSS
(Figure 4-83) and BSS (Figure 4-84) sampling programs had trace yearling and
older shad catches in September and October, with the greatest occurrence in
late September. No spatial distribution pattern was apparent from FSS and BSS
program sampies. LRS ‘data revealed that most yearling ‘and older shad were
caught from the Yonkers through Cornwall regions (RM 12-61). Abundance esti-
mates 1likely reflect yearling abundance, as the sampling programs were not
designed to sample adult fish.

4.6.2 1987 Study

4.6.2.1 Eggs. American shad eggs were already present during the initial LRS
sampling week of 14 April 1987 (Figure 4-85) when the upper estuary tempera-
ture was 10.0°C. As in the previous year, egg deposition may have begun
before the program began. Ichthyoplankton samples continued to contain shad
eggs through mid-June.
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Almost all egg deposition was limited to fresh water, with only trace numbers
(<10/1000 m3) collected downriver from Hyde Park (RM 77) (Figure 4-74).
Greatest concentrations were estimated for regions north of Kingston, with
peak densities collected in the Albany region. Shad eggs were collected as
far downriver as the Indian Point region. Spatial distribution of eggs in
1987 was similar to that of most previous years. The period of peak egg abun-
dance in late April was earlier than that reported in previous Year Class
Reports.

4,6,2.2 Yolk-Sac Larvae. Shad YSL were collected from late April through
mid-June in 1987 (Figure 4-86), with greatest abundance during the 11 May sam-
pling week, two weeks after peak egg density. The spatial distribution for
YSL was similar to the 1987 shad egg distribution; peak densities were esti-
mated from the Albany region. YSL collection was limited to regions north of
Cornwall, unlike previously reported spatial patterns that included catches
from all estuary regions. Lafge downriver concentrations in 1984 were attrib-
uted to particularly large freshwater inflows to the Hudson River (MMES
1986). The absence of YSL in the lower half of the estuary in 1987 could be a
reflection of the lower-than-normal freshwater inflows to the Hudson River
during the spring (Figure 4-87).

American shad YSL do not appear to move far from spawning locations (Figure
4-88). Almost all samples with densities greater than 10/1000 m3 were taken
in the shoal strata. Vertical distribution varied substantially between sam-
pling years.

4.6.2.3 Post Yolk-Sac Larvae. PYSL were first present in LRS samples during
the first week of May 1987 (Figure 4-89). Greatest abundance was from the 18
May sampling week through the 22 June sampling week. Peak temporal distribu-
tion was during the week of 8 June, one week later than the 1986 PYSL peak.

Little passive movement appears to have occurred during early life stages.
PYSL spatial distribution thus reflects egg distribution. Greatest 1larval

4-30

Lawler, Matusky & Skelly Engineers

emm



98-¥ 3HNOI

L1861 ¥ 18 JHIT4RYS
880 PALLIS T S S 1 LT X S 1.1 51 S— R ] LI I 1 1.1 T ¢ 13 1.1 1 LBAYALL LBAYMND  (BASNLT  [9¥gVOL  {RudyHl
[ 000 0970 \\ 000 oo (1) 090 \ 0eo 00°0 on e (1287 00°0 (L]
v L Lt JoLy Ly Y w\\\ s L/ L/ L/ Ls s/
900 0o [1] 20 0 000 00 [0 0070 00°0 000 00 / 000 g0 ¢
Lt s Yy Y s Y Y, Lt (s L h\\\\ L Lt "
\
0070 000 8670 e / XM 000 090 00°0 a0 ¢0°0 00°0 000
L LS L/ s/ LJ L/ L/t L/ (L L/ L/ LS o
/ /
(1 00 ¢ 0o 080 000 [} 9070 00" 0 e go'o 1) 000
L Y Lt L/ Lt L/ L L L Y L LSt .
4079 [ 2] e 118 e [ ] [1) e [ [ e 900 \
s Lt Lt Lt Lt L/ Lt ) Lt Lt v L \\ "
/
1] 00°¢ 10t (1] [ 1) [ L} [ ) 000 000 1) [ ] 000
Ly Lt L/ L LSt Lt L/ Lt L Lt Y Lt “
(14 900 0070 00°¢ e ©we e ) e e (1] [ 1A%}
LS Lt L L 7 Y 7 Y L LS s Y y
(1] [ 18] (1] [ 18] L1 %0 " " s 8¢ ¢ " g0 e
L LS L L/ LSt Yavj V) - Y 7 Vv L e
[1:28] (10} [N ] (1 LI ] (18] [L IS (11 1208 3] (748 11 ge e (108 ]
L/t Lt LSt Lt Ly o 7 - Vi Vi) 7 s L/ "
(128 (18} (1 0] "o 19 it e ot {3 30 14 Hi3R1 ] $1°0 00°0 [ 108
L Y L 7 v ~ V=) V) - @w Y/ v Y .
000 (1] (1] o [ 31 1228 14 sl 1 1} L1 N3y L1 1 st 000 000
L Lt LS 7 Yavg Vi) Vi) = 2] %W mw Lt L/ 0

v0°0 000 00t e 901 019 we IR IR 9568 37581 000 0
Y (.t YA 7 7 ® 7 ® @ L/ L/ W
“P 03 14RY5 K013 38
»l:wx_n JAY 40 L¥YHD WG9

QS KYITEIY 401 154 30 1118
AIAMNS MAATY DNOT L2861

4-30A



1nr ne NP AVIN dav g

— 00001

— 0000¢

JOVH3AY 861 —/LV6lL - 0000%

=

— 0000¥%

— 0000S

— 00009

—

— 00004

L8611
— 00008

— 00006

—

000001
(L8611 —/¥61) ANYISI NIFH9O

ANLL "SA MOTd ATIVA ADVIIAV
28~ 3HNOU

4-30B

(S40) MO14



FREQUENCY

FREQUENCY

LONGITUDINAL RIVER FREQUENCY DISTRIBUTION BY RIVER MILE

22

20

18

22

20

(]

FIGURE 4-88

American Shad — Yolk Sac Larvae (>20/1000m3) — 1986
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densities (>500/1000 m3) were restricted to the Saugerties, Catskill, and
Albany regions, with peak weekly density estimated in the Albany region. Shad
PYSL larvae were collected downriver to the Indian Point region. No weekly
density over 10/1000 m3 was estimated for regions south of the Poughkeepsie
region. Downstream movement from the upper to middle estuary regions became
apparent in mid-June. Greater numbers of PYSL were caught during 1986 than
1987, and individual collection densities greater than 50/1000 m3 extended
downstream to Peekskill Bay (Figure 4-90).

American shad PYSL were found in greater densities in the shoal strata than in
the deeper channel and bottom areas during both the 1986 and 1987 sampling
programs. Large numbers were collected near Coxsackie (RM 125), Catskill (RM
113), Inhocht Bay (RM 109-110), and "The Flat" (RM 95) (Figure 4-89). These
areas all have adjacent shallow flats that are usually vegetated (Figures
4-1d to 4-1f). Sample densities greater than 100/1000 m3 were more common
with the Tucker trawl than the epibenthic sled; however, no vertical distribu-
tion pattern was apparent.

4.6.2.4 Young-of-Year. American shad YOY were first collected during the 8
June 1987 LRS sampliing week (Figure 4-91) and were present in every subsequent
sample of the LRS and every biweekly sample of the FSS (Figure 4-92) and BSS
(Figure 4-93) programs. Temporal distribution patterns based on estimated
regional densities suggest peak occurrence from early July through September.

Spatial distribution patterns in 1987 suggest the greatest occurrence of
American shad YOY in the Catskill and Albany regions. The geographical dis-
tribution during the BSS was greatest in the Hyde Park, Catskill, and Albany
regions (Figure 4-94). BSS catches indicate that YOY shad are in greater con-
centrations in the shore zone than in the FSS sample stratum. Upper estuary
shore-zone samples showed peak shad YOY abundance in late August, with no
density estimates exceeding 10/1000 m3 sampled after the 28 September sampling
week. Mean temperatures associated with the upper estuary BSS dropped from
17.4 to 11.0°C between the 28 September and 13 October sampling weeks. Watson

4-31
Lawler, Matusky & Skelly Engineers



FIGURE 4-90

LONGITUDINAL RIVER FREQUENCY DISTRIBUTION BY RIVER MILE

American Shad — Post Yolk-Sac Larvae (>50/1000m3) — 1986
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FIGURE 4-94

GEOGRAPHICAL DISTRIBUTION OF YOUNG-OF-YEAR AMERICAN SHAD

COLLECTED IN THE BEACH SEINE SURVEY, 1987
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(1968) reported that shad YOY migration started when temperatures dropped
below 18.3°C and was essentially complete as temperatures dropped below
10.0°C. Juvenile American shad densities in the upper half of the estuary
began to decline in September in response to apparent downriver migration.
The mean regional shore-zone temperature during the week when most shad ap-
peared to leave the upper half of the estuary was 18.9 and 17.6°C during 1986
and 1987, respectively. No upper estuary catches were recorded following the
13 October sampling week, suggesting that the shad YOY had migrated down-
river. The lack of FSS density increases in the middle and lower estuary in
early October suggests that shad disperse downriver but remain in the shal-
lower areas, evidenced from increased shore-zone densities in these areas.
Decreasing catches in the lower regions of the estuary as the temperature
dropped below 10°C in mid-November reflect juvenile emigration from the estu-
ary.

4.6.2.5 Yearling and Older Fish. Yearling and older American shad were first
collected during the 1987 LRS sampling week of 4 May, with peak river abun-
dance estimated during mid-May (Figure 4-95). Sporadic occurrences were re-
ported for June and July in all sampling programs. The final collection oc-
curred during the late July FSS sampling (Figures 4-96 and 4-97). Spatial
distribution indicates that individuals were scattered throughout the estuary,

and no conclusion could be drawn regarding either spatial or temporal distri-
bution trends.

4,7 UNIDENTIFIED CLUPEIDS, Alosa spp.

River herrings, blueback herring (Alosa aestivalis) and alewife (A. pseudo-
harengus), are anadromous clupeids that are difficult to distinguish before
they reach a juvenile total length of 35 to 40 mm (TI 1981). For this reason
early life stages of these two species are considered together. A third
anadromous clupeid, American shad, is presented separately in Section 4.6.
American shad are easily distinguished from other river herring early life
stages because of their size.
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Both blueback herring and alewife enter rivers and estuaries along the Atlan-
tic Coast in spring to spawn in brackish or freshwater areas. Both species
spawn in the tributaries of the Hudson River estuary. Alewife prefer ponds
and slow-moving streams; blueback herring spawn in deeper, faster waters.
Alewife and blueback herring spawning runs overlap to some extent, allowing
peak egg abundance for each species to be jdentified based on spawning sub-
strate, water depth, and temperature at time of spawning. Alewife spawning
occurs first at temperatures near 13°C (Tyus 1974), followed by blueback her-
ring which may not spawn until temperatures exceed 20°C (Loesch and Lund
1977). Both species are repeat spawners; adults return to the sea following
spawning and juveniles usually migrate out of the estuary as water tempera-
tures decrease in the fall. Alewife and blueback herring eggs, YSL, and PYSL
are presented and discussed together in Section 4.7.1. YOY and yearling and

older stages are presented separately by river herring species in subsequent
sections.

4.7.1 1986 Study

4,7.1.1 Eggs. Alosa spp. peak egg abundance occurred in 1986 during the ini-
tial sampling week of 29 April when water temperatures were about 12°C. A
minor second peak occurred in mid-May at water temperatures of 17 to 19°C
(Figure 4-98). This bimodal peak may be the result of separate spawning peri-
ods for the two species. Water temperatures of 12°C and 17 to 19°C correspond
to spawning temperatures favored by the alewife (Tyus 1974) and blueback her-
ring (Loesch and Lund 1977), respectively, suggesting sequential spawning
peaks. This bimodal abundance pattern could also be explained by an increase
in gear selectivity during mid-May due to above-normal freshwater flows that
increase larval vulnerability to the sampling techniques. Eggs were collected

in the upper estuary through the final sampling week (7 July) of the LRS
program.
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River herring eggs were determined to be at densities in excess of 100/1000 m3
from the Hyde Park region through the Albany region during 1986, with peak
density in the Catskill region.

4.7.1.2 Yolk-Sac Larvae. River herring YSL were collected from late April
through mid-June in 1986, with peak abundance in early May and again in early
June (Figure 4-99). The first YSL peak occurred about one week after the
first egg abundance peak. The second YSL peak occurred two weeks after the
second peak in egg density, and was located in the Albany region, one region
upstream of the peak egg location. This peak further suggests that increased
vulnerability due to high freshwater flow may have caused the minor egg abun-
dance peak since no directly corresponding larval peak was apparent. In-
creased flow in the Hudson River tributaries of the Mohawk River drainage may
have shifted larvae downstream into the estuary, resulting in a density in-
crease in the Albany region.

4.7.1.3 Post Yolk-Sac Larvae. River herring PYSL were identified in 1986
estuary collections from the onset of the LRS through the final sampling week
of 7 July (Figure 4-100). Peak abundance occurred during the third week of
May, with the majority of larvae collected between mid-May and mid-June. PYSL
estimated densities exceeded 200/1000 m3 during all LRS collections following
the initial sampling week.

PYSL were collected in every region of the estuary, with greatest abundance
between the Hyde Park and Catskill regions (RM 77-124). Peak density was
estimated to be in the Saugerties region, one region downriver from peak YSL
abundance. No bimodality was evident, although a spatial shift in peak re-
gional density from the Saugerties to the Hyde Park region was apparent in
late May. The downriver shift is 1likely a reflection of increased river
flow. Increases in PYSL density in the Catskill and Saugerties regions fol-
lowing the period of high flow is 1ikely the result of larval movement upriver
or from tributaries of the upper estuary. River herring PYSL were collected
in trace numbers as far south as the Tappan Zee and Yonkers regions.
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4.7.1.4 Early Young-of-Year. Early river herring YOY were collected during
the last week of May in the 1986 LRS and were most abundant during the final
sampling week in June (Figure 4-101). Greatest abundance of unidentified
river herring YOY occurred from the Poughkeepsie through Catskill regions (RM
62-124) 1in late June, with peak density estimated at Hyde Park. Downriver
movement was apparent, with trace numbers caught as far south as the Indian
Point region. The FSS caught unidentified river herring YOY from late July
through early September, with spatial distribution limited to estuary regions
north of the Poughkeepsie region (Figure 4-102).

4.7.2 1987 Study

4.7.2.1 Eggs. River herring eggs were present in the upper estuary when the
1987 LRS sampling began (Figure 4-103) and continued to be collected through
mid-June. A single temporal density peak from early to mid-May suggests that
only one spawning event occurred; sequential spawning by alewife and blueback
herring was not apparent. Eggs were concentrated in the upper estuary re-
gions, with peak density estimated in the Kingston region. Average water tem-
perature in the upper estuary during this period was approximately 14.5°C.
River herring eggs were sampled as far downriver as the Tappan Zee region;
mean density never exceeded 15/1000 m3 anywhere south of the Poughkeepsie
region.

Temporal distribution of eggs in the upper estuary varied with geographical
region during 1987. The Albany and Catskill regions had egg density estimates
in excess of 500/1000 m3 from the 20 April through 1 June sampling weeks.
Estimated egg densities over 500/1000 m3 were sampled from the first week in
May through the 18 May sampling week in the Saugerties and Kingston regions.

4.7.2.2 Yolk-Sac Larvae. River herring YSL were collected during all but the
last sampling week of the 1987 LRS (Figure 4-104), with peak regional densi-
ties during the week of 11 May. The YSL density peak occurred one week after
the peak in egg abundance in the upper estuary. Previous Year Class Reports
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have also recorded YSL peaks one week after the egg abundance peak (NAI
1985a,b; MMES 1986; Versar 1987). Most river herring YSL were collected from
the Albany region, with estimated larval density over 100/1000 m3 in all re-
gions downriver to the Poughkeepsie region (RM 62-152). Eggs were collected
in every region except Yonkers during different sampling weeks through the end
of June. No eggs were collected in samples south of the Poughkeepsie region
after the 1 June sampling week.

Temporal distributions in the upper estuary during 1987 varied with geograph-
ical region in a manner similar to the pattern described for river herring
eggs. Larval densities over 1000/1000 m3 were estimated for the Albany region
from late April through early June. Similar densities in the Saugerties,
Kingston, and Hyde Park regions were limited to the sampling week of 11 May,
the period of peak estuary abundance.

4.7.2.3 Post Yolk-Sac Larvae. River herring PYSL were captured during every
sampling week of the 1987 LRS, with peak density estimated in late May and
early June (Figure 4-105). This temporal peak tends to follow peak abundances
of river herring egg and YSL in the upper estuary. Between late April and
late June river herring PYSL were collected during every sampling week in
regions north of Croton-Haverstraw. PYSL were present during at least two
sampling weeks in all regions sampled during 1987. Greatest density estimates
(>1000/1000 m3) were determined for regions north of Poughkeepsie from mid-May
through the end of the LRS sampling program. PYSL densities in excess of
10,000/1000 m3 were found in the regions of the upper estuary from the last
week in May through the second week of June.

4.7.2.4 Early Young-of-Year. Early river herring YOY were first collected
during mid-May of the 1987 LRS (Figure 4-106). Greatest abundance of uniden-
“tified river herring YOY occurred from the Kingston region through the Albany
region (RM 86-152) during the 6 July sampiing period; peak density occurred in
the Albany region. Trace levels were evident in all regions downriver of Hyde
Park with the exception of Yonkers. The FSS caught unidentified river herring
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YOY from mid-July through early September (Figure 4-107). Densities estimated
at greater than 10/1000 m3 were observed in the Poughkeepsie through Catskill
regions (RM 62-124) during the first FSS sampling period. No early YOY were
collected after the 24 August sampling period.

4.8 BLUEBACK HERRING

Blueback herring (Alosa aestivalis) are anadromous clupeidae, occurring from
Nova Scotia to Florida (Bigelow and Schroeder 1953). As noted previously,
blueback herring spawning takes place in the spring, following that of the
alewife. In the Hudson River estuary most spent adults return to sea from
mid-June to mid-August (TI 1981). Blueback herring eggs are demersal and
somewhat adhesive, hatching in three to four days at 20 to 21°C (Jones et al.
1978). Juveniles begin to leave the estuary in mid-October as water tempera-
tures rapidly decrease (TI 1981).

4.8.1 1986 Study

4.8.1.1 Young-of-Year (>35 to 40 mm). Identifiable blueback herring YOY (>35
to 40 mm) were first collected during the 23 June 1986 LRS sampling week (Fig-
ure 4-108) and were caught in every sampling week of the FSS (Figure 4-109)
and BSS (Figure 4-110) programs. Shore-zone collections diminished in Septem-
ber as water temperatures decreased. The estimated density of blueback her-
ring YOY was highest from the July LRS through the mid-September FSS samples
in the Poughkeepsie through Catskill regions (RM 62-124). Peak density was
estimated to be in the Kingston and Poughkeepsie regions for the LRS and FSS
programs, respectively. YOY began to emigrate from the Hudson River nursery
grounds in mid-October, apparently triggered when upper and middle estuary
temperatures dropped 4 to 5°C to about 14 to 16°C. Large estimated YOY den-
sities were found in the middle estuary during the FSS sampling weeks of 13
and 27 October. No YOY were captured north of the Croton-Haverstraw area dur-
ing the 23 November sampling week of the FSS program.
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4.8.1.2 Yearling and Older Fish. Yearling and older blueback herring were
caught sporadically in very low numbers in all 1986 sampling programs from
late April through late October in sampling regions south of the Catskill
area (Figures 4-111, 4-112, and 4-113). No suggestions of temporal or spatial
distribution could be made from available catch data.

4.8.2 1987 Study

4.8.2.1 Young-of-Year. The 1987 LRS first identified blueback herring YOY
during the 22 June sampling week (Figure 4-114). The FSS collected blueback
herring YOY during every sampling week, with temporal distribution patterns
suggesting that greatest abundance occurred in late September (Figure 4-115).
BSS temporal distribution patterns were similar to FSS patterns, with collec-
tions occurring in all but the initial sampling week (Figure 4-116).

Spatial distribution patterns for both the FSS and BSS suggest greatest abun-
dance between the Poughkeepsie region and the Albany region, with peak densi-
ties estimated for the Poughkeepsie and Hyde Park regions. An increase in
lower estuary abundance coinciding with an upriver decline in both the FSS and

BSS is associated with fall emigration from the estuary beginning in late Sep-
tember.

4.8.2.2 Yearling and Older Fish. Yearling and older blueback herring were
caught from the initial 1987 LRS sampling week (Figure 4-117) through the last
October sample of the FSS (Figure 4-118). Greatest occurrence was in early
and mid-May, presumably a reflection of spawning activity and the associated
movement of yearling with the older fish. Most of the yearling and older
blueback herring were collected in the upper estuary, with peak occurrence in
the Albany region. No apparent downstream movement followed the upper estuary
peak. Only sporadic collections of very low numbers occurred in subsequent
sampies. There were only sporadic collections of low numbers in the BSS

(Figure 4-119), which indicated no apparent spatial or temporal distribution
trends.
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4.9 ALEWIFE

The alewife (Alosa pseudoharenqus) is an anadromous fish inhabiting coastal
waters from Newfoundland to South Carolina (Winters et al. 1973). Spawning
occurs during the spring, with adults apparently emigrating from the estuary
by mid-June (TI 1981). The demersal and semi-adhesive alewife eggs have a
six-day incubation period at 15°C (Mansueti and Hardy 1967). Juveniles begin
moving out of the estuary in the summer and are nearly absent by fall (Bigelow
and Schroeder 1953).

4.9.1 1986 Study

4,9.1.1 Young-of-Year (>35 to 40 mm). Identifiable alewife YOY, first col-
lTected in the 16 June sampling week of the 1986 LRS (Figure 4-120), were
caught in every sampling week of the FSS (Figure 4-121) and the BSS (Figure
4-122) programs. Shore-zone catches from the BSS were greatest during July,
with lower estuary catches occurring throughout the program. Greatest abun-
dance in the estuary occurred during late June and early July in the LRS and
during late October in the FSS.

High estimated densities were determined for the Hyde Park through Saugerties
regions from late June through mid-October when rapidly decreasing water tem-
peratures caused alewife YOY to move out of the estuary. Peak middle estuary
densities occurred in late October, with no YOY caught above the regions of
the lower estuary during the 23 November FSS sampling week.

4.9.1.2. Yearling and Older Fish. Yearling and older alewife were collected
during every sampling week of the 1986 LRS (Figure 4-123) and FSS (Figure 4-
124} from 29 April through the week of 23 November. Shore-zone catches made
during the BSS (Figure 4-125) were limited to trace abundances in late July
and late August in the Tlower estuary. Catches were evenly distributed
throughout the LRS and FSS programs, with a peak riverwide abundance in late

4-39
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May. At this time catches were recorded from the Yonkers region through the
Catskill region, with highest estimated densities in the upper estuary.

Yearling and older alewife were collected in every region of the estuary in
1986. Upper and middle estuary regional densities were greatest during late
May through early June and again in September. Lower estuary regional densi-
ties were consistent through May and June, but dropped off through August and
September. A downriver distribution shift through October is apparent from
FSS samples; catches were restricted to the lower estuary during November sam-

pling.
4.9.2 1987 Study

4.9.2.1 Young-of-Year. Alewife YOY wére first identified in 1987 LRS samples
during the week of 15 June (Figure 4-126) and continued to be present through-
out the program. All biweekly samples of the FSS (Figure 4-127) and BSS (Fig-
ure 4-128) yielded alewife YOY in various regions of the estuary. Temporal
density patterns revealed peak density estimates from late June through late
July, limited mainly to the region between Hyde Park and Catskill (RM 77-124).

The general pattern of YOY distribution suggested by the 1987 FSS and BSS in-
dicates a shift in YOY abundance from deeper waters into the shore zone for
alewife between the Hyde Park and Catskill regions. Peak FSS densities in
these regions in July fell to only trace collections in early September. Dur-
ing this same period a coincidental increase in shore-zone catches appeared
from the Hyde Park region through the Saugerties region. BSS catches remained
relatively constant in all regions from early August through late September,
with dispersion to offshore or downriver areas suggested by declining catches
beginning in late September. After mid-October no juvenile alewife were
caught in the BSS north of the Croton-Haverstraw region. Lower estuary re-
gional density estimates were greatest in October and November FSS sampling as
juveniles emigrated from the estuary.
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4,9.2.2 Yearling and Older Fish. Yearling and older alewife were first col-
Tected during the 27 April sampling week of the 1987 LRS program (Figure 4-
129). Peak density estimates from late April through mid-May suggest that
yearling alewife followed mature fish up into the estuary during the spawning
run. Upper estuary densities associated with spawning were suggested from
mid-May through June, with peak occurrence during the 11 May sampling week,
This peak corresponds to a period of high Alosa spp. egg abundance in the same
regions. Yearling and older alewife were caught during every sampling week
from late April through late October in the LRS and FSS (Figure 4-130) pro-
grams; only sporadic trace numbers were collected after May.

High density in the lower estuary in late April, followed by a shift to the
uppér estuary, reflects upriver movements of alewife. Spatial distribution
patterns suggest declining upper estuafy abundance beginning in late August;
alewife were collected only in areas south of the Poughkeepsie region during
October. Abundance in the shore zone was minimal, with trace catches occur-
ring in the Tappan Zee, Croton-Haverstraw, and Kingston regions during the BSS
(Figure 4-131).

4.10 BAY ANCHOVY

The bay anchovy, Anchoa mitchilli (Valenciennes), is found primarily in Atlan-
tic Coast estuaries from Maine south to the Yucatan peninsula of Mexico. This
species moves from brackish water to salt water, apparently related to spawn-
ing and maturation. Many important estuarine fish such as striped bass, blue-
fish, and white perch rely heavily on bay anchovies as forage (NAI 1985a).

Spawning typically occurs over an extended period from May to September when
water temperatures are from 15 to 30°C (Wang and Kernehan 1979). In the Hud-
son River, spawning is generally believed to be greatest from the Tappan Zee
region south to the Narrows, particularly in the Yonkers region (Dovel 1981:
TI 1981). Peak spawning occurs in July at salinities greater than 10 ppt.
The larval fish sink to the denser saline waters and are moved upstream by
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flood tides to areas of lower salinity. The larvae remain between the Tappan
Zee and Indian Point regions to feed (Dovel 1981). YOY move downstream out of
the nursery area in early fall to overwinter at higher salinities. Mature
fish return to low salinity waters as far north as Poughkeepsie (RM 62) to
feed before moving to the higher salinity spawning areas.

4.10.1 1986 Study

4,10.1.1 Eggs. Bay anchovy eggs were collected during the 1986 LRS from the
12 May sampling week through the end of the program (Figure 4-132). Regional
egg densities in excess of 2500/1000 m3 were sampled during every collection
period beginning with the week of 2 June when peak egg abundance occurred.
SpaWning activities were almost entirely limited to the lower estuary, which
had mean weekly salinities greater than 1 ppt. High egg density was sampled
from the Tappan Zee and Yonkers regions, with peak abundance in the Yonkers
region and probably farther south. Egg abundance in excess of 10/1000 m3 was
sampled in all regions of the lower estuary where salinities were over 3 ppt
during the 1last LRS sampling period. Bay anchovy eggs were sampled as far
north as the Hyde Park region during 1986, upriver of the salt front.

4.10.1.2 Yolk-Sac larvae. Bay anchovy YSL were first collected during the
1986 LRS sampling week of 9 June (Figure 4-133) and were not captured again
until the final week of the program. Peak density occurred during the last
sampling run in the Yonkers region, with YSL collected as far north as the
Indian Point region (RM 46).

4.10.1.3 Post Yolk-Sac Larvae. Bay anchovy PYSL first appeared in June 1986
and greatest densities were sampled during the final two weekly collections of
the LRS program (Figure 4-134). PYSL were located between the Yonkers and
Indian Point regions (RM 12-46) at densities in excess of 500/1000 m3, with
peak abundance sampled in the Indian Point region. Trace numbers were col-
lected as far north as the Kingston region.
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4.10.1.4 Young-of-Year. Juvenile bay anchovy were taken initially in the
last two sampling weeks of the 1986 LRS program (Figure 4-135). YOY were
present during every sampling week of the FSS (Figure 4-136) and the BSS (Fig-
ure 4-137) programs. Trace numbers were collected from the Yonkers through
West Point regions (RM 12-55) in the shore zone, with the greatest geograph-
ical distribution in the Yonkers region (Figure 4-138). The FSS revealed
juvenile densities in excess of 10/1000 m3 in regions south of Kingston, with
the greatest abundance in the lower estuary. Juvenile abundance in the middle
estuary peaked in early September and decreased as water temperatures fell
below 20°C. Peak densities in the lower estuary occurred in late September
and early October, with collections dropping off to just a trace by the final
FSS sampling period; none were caught during the final two BSS sampling
periods. - Emigration of juvenile anchovy from the estuary began in October:
only trace densities were determined in the lower estuary by mid-November.

4.10.1.5 Yearling and Older Fish. Yearling and older bay anchovy were first
collected in 1986 during the initial sampling week of the LRS program in late
April (Figure 4-139). Highest densities were caught from late May through the
end of the LRS in early July and remained high until early August in the FSS
(Figuré'4—140) program. Yearling and older bay anchovy were present in the
Tower estuary until early November. By this time most had returned to higher
salinity waters located south of the Yonkers region. Peak density occurred
during the first week of June in the LRS. The shore zone sampled in the BSS
revealed only trace levels of yearling or older bay anchovy, with no evidence
of fish after October (Figure 4-141). Yearling and older fish were collected
as far upriver as the Saugerties region; most were limited to the high saline
waters of the lower estuary. Peak abundance occurred in the Yonkers region.

4,10.2 1987 Study

4.10.2.1 Eggs. Bay anchovy eggs were first collected in 1987 LRS samples in
early May; peak densities occurred during the third and fourth sampling weeks
of June (Figure 4-142), Egg densities over 1000/1000 m3 were observed from
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4.10.1.4 Young-of-Year. Juvenile bay anchovy were taken initially in the
last two sampling weeks of the 1986 LRS program (Figure 4-135). YOY were
present during every sampling week of the FSS (Figure 4-136) and the BSS (Fig-
ure 4-137) programs. Trace numbers were collected from the Yonkers through
West Point regions (RM 12-55) in the shore zone, with the greatest geograph-
jcal distribution in the Yonkers region (Figure 4-138). The FSS revealed
juvenile densities in excess of 10/1000 m3 in regions south of Kingston, with
the greatest abundance in the lower estuary. Juvenile abundance in the middle
estuary peaked in early September and decreased as water temperatures fell
below 20°C. Peak densities in the lower estuary occurred in late September
and early October, with collections dropping off to just a trace by the final
FSS sampling period; none were caught during the final two BSS sampling
periods. . Emigration of juvenile anchovy from the estuary began in October;
only trace densities were determined in the lower estuary by mid-November.

4.10.1.5 Yearling and Older Fish. Yearling and older bay anchovy were first
collected in 1986 during the initial sampling week of the LRS program in late
April (Figure 4-139). Highest densities were caught from late May through the
end of the LRS in early July and remained high until early August in the FSS
(Figuré'4—140) program. Yearling and older bay anchovy were present in the
lower estuary until early November. By this time most had returned to higher
salinity waters located south of the Yonkers region. Peak density occurred
during the first week of June in the LRS. The shore zone sampled in the BSS
revealed only trace levels of yearling or older bay anchovy, with no evidence
of fish after October (Figure 4-141). Yearling and older fish were collected
- as far upriver as the Saugerties region; most were 1imited to the high saline
waters of the lower estuary. Peak abundance occurred in the Yonkers region.

4.10.2 1987 Study

4.10.2.1 Egas. Bay anchovy eggs were first collected in 1987 LRS samples in
early May; peak densities occurred during the third and fourth sampling weeks
of June (Figure 4-142). Egg densities over 1000/1000 m3 were observed from
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FIGURE 4-138

GEOGRAPHICAL DISTRIBUTION OF YOUNG-OF-YEAR BAY ANCHOVY

COLLECTED IN THE BEACH SEINE SURVEY, 1986
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the second sampling week of June through the first sampiing week of July in
the Yonkers and Tappan Zee regions. Elevated salinity levels in the Tower
regions of the estuary were associated with densities in excess of 1000/1000
m3 as far upriver as Indian Point. Peak occurrence was in the Yonkers re-
gion. Bay anchovy eggs were collected in every region of the estuary except
Catskill during the June and July sampling weeks.

4,10.2.2 Yolk-Sac Larvae. Bay anchovy YSL were first collected during the
second sampling week of June and were present until the end of the LRS program
(Figure 4-143). Greatest abundance occurred from the second week of June
through the 22 June sampling week, mainly in the lower estuary. Peak YSL den-
sity was estimated in the Yonkers region during the 22 June sampling week;
howéver, actual peak occurrence may have been downstream in unsampled areas of
the estuary. No YSL were sampled uprivér from the West Point region.

4,10.2.3 Post Yolk-Sac Larvae. Bay anchovy PYSL were first collected during
the 1987 LRS in late May; larval density estimates exceeding 1000/1000 m3 were
collected from mid-June through the end of the sampling program (Figure 4-
144). A peak in temporal abundance occurred during the final LRS sampling
week, two weeks after the YSL abundance peak. Collections included bay
anchovy larvae from every region of the estuary except Saugerties and Cats-
kill. Greatest occurrence was in the lower estuary, with peak estimated den-
sities in the Indian Point region. Spatial distribution comparisons between
YSL and PYSL suggest an upriver movement of larvae to lower salinity nursery
areas.

4,10.2.4 Young-of-Year. Juvenile bay anchovy were not collected during the
1987 LRS but were present in all collection periods of the FSS (Figure 4-145)
and BSS (Figure 4-146) programs. FSS weekly juvenile density estimates ex-
ceeded 100/1000 m3 from 13 July through the 5 October sampling week, with peak
temporal abundance occurring in early September. Although beach zone collec-
tjons were sporadic, an abundance peak corresponding with that of the FSS was
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observed. Yearling and older bay anchovy were present only in the Yonkers
region in November samples, probably a result of their fall seaward migration.

YOY catches in 1987 were made in all sampling regions, with greatest densities
(>100/1000 m3) occurring from the Yonkers region north through the Poughkeep-
sie region (RM 12-76). Peak occurrence was in the Yonkers region for both the
FSS and BSS programs (Figure 4-147).

4.10.2.5 Yearling and Older Fish. VYearling and older bay anchovy were first
collected during the first 1987 LRS sampling week of May (Figure 4-148) and
remained present in catches throughout the LRS, FSS, and BSS (Figures 4-149
and 4-150) programs. Sample densities greater than 10/1000 m3 were estimated
from 26 May through the 24 August sampling period of the FSS, with greatest
occurrence during the 22 June sampling week,

Yearling and older fish were collected almost entirely in the lower estuary,
with trace numbers sampled as far upriver as the Catskill region. Peak occur-
rence was in the Yonkers and Tappan Zee regions. Trace numbers were caught in
the middle estuary when the salt front moved upriver in July and August.
Decreaéing salinities and temperatures through September and October may have
caused yearling and older bay anchovy to migrate to the sea; November catches
were limited to the Yonkers region.

4.11 WEAKFISH

The weakfish, Cynoscion regalis (Bloch and Schneider), is a euryhaline'species
important both commercially and recreationally. Its coastal range is from
Nova Scotia to Florida, with greatest concentrations from Long Island Sound to
Chesapeake Bay (Colton et al. 1979). In the Hudson River weakfish are found

upriver to Hyde Park (RM 86), with greatest abundances in the lower reaches of
the estuary (RM 0-55).
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FIGURE 4-147
COLLECTED IN THE BEACH SEINE SURVEY, 1987
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Spawning occurs in coastal waters and estuaries from April to August when
water temperatures are from 15 to 21°C and salinities range from 28 to 31 ppt
(Lippson and Moran 1974). The Hudson River appears to be near the northern
1imit of their spawning range (Colton et al. 1979). After spawning, adult
weakfish move off the Virginia-Carolina coast to overwinter (Yetman et al.
1985).

Weakfish eggs are pelagic and buoyant (Lippson and Moran 1974), but when
hatched the larvae sink to the bottom and are carried upstream by denser bot-
tom currents (Thomas 1971). YOY fish remain in the brackish environment of
the deeper shoals and channel waters until cooler fall temperatures cause them
to leave the estuaries. The YOY weakfish then move south to join the adults
in the overwintering areas. No eggs or YSL have ever been collected during
LRS sampling efforts. '

4.11.1 1986 Study

4,11.1.1 Post Yolk-Sac Larvae. Weakfish PYSL were first samp1ed during early
June 1986 in the Yonkers region. Peak abundances occurred during the last
week of the LRS (Figure 4-151). At this time densities in excess of 10/1000
m3 were present in the lower estuary, with peak occurrence in the Indian
Point region.

4.11.1.2 Young-of-Year. Weakfish YOY were caught only in the FSS (Figure
4-152) and BSS (Figure 4-153) programs in 1986. Earliest collections occurred
during the initial sampling period of the FSS, with peak abundance during the
2 September sampling week. Shore-zone sampling in the BSS caught only trace
densities of juvenile weakfish from late July through late September, almost
exclusively in the Yonkers region.

FSS samples revealed a sharp increase in densities between late July and early
August in the lower estuary, peaking in the Yonkers region in early September,
followed by steady declines throughout the Tlower estuary. This pattern of
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weakfish abundance has been reported in previous years (Battelle 1983; NAI
1985a,b; MMES 1986). Juveniles were caught as far upriver as the Cornwall
region during periods when the salt front was far upstream. No juvenile weak-
fish were captured in the estuary during the final FSS sampling.

4.11.1.3 Yearling and Older Fish. No yearling or older weakfish were col-
lected during the 1986 LRS and BSS programs. FS33 sampling caught yearling or
older weakfish during the sampling weeks of 15 September and 13 October (Fig-
ure 4-154). Collections occurred in the Yonkers and Tappan Zee regions, with
peak density in the Yonkers region during the 15 September sampling week.
Most yearling and older weakfish presumably were located farther south, re-
flecting their high salinity requirements. Gear avoidance is likely as year-
ling énd older weakfish are powerful swimmers. This could be one reason for
the low catch records in the sampling prdgrams.

4,11.2 1987 Study

4.11.2.1 Post Yolk-Sac Larve. Weakfish PYSL were first sampled during mid-
June 1987 when the lower estuary temperature was 21.8°C, and remained present
in all subsequent LRS sampling weeks (Figure 4-155). In the lower estuary
peak temporal occurrence was during the 15 June sampling week. Spatial dis-
tribution was limited to the lower estuary, with a slight upriver shift occur-
ring in late June-early July.

4.11.2.2 Young-of-Year. Juvenile weakfish were initially collected in 1987
during the LRS sampling week of 29 June (Figure 4-156); fish remained present
in all sampling periods of the FSS program (Figure 4-157). No weakfish were
collected in the shore-zone samples of the BSS. Sharp density increases re-
ported during 1986 and in previous years were not apparent; however, peak
abundance occurred in early September in the Yonkers region, as noted in the
past. During the August period of higher salinity in the middle estuary juve-
nile weakfish were collected as far north as the Cornwall region. Lower estu-
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ary catches declined during October and November as fish emigrated from the
estuary.

4.11.2.3 Yearling and Older Fish. Yearling and older weakfish were caught
during two sampling periods of the 1987 FSS (Figure 4-158); 1986 records were
similar. Catches occurred during the sampling periods of 10 August and 8
September and were reported from the Croton-Haverstraw, Tappan Zee, and
Yonkers regions. Most weakfish were likely located farther south in areas of
higher salinity.

4.12 WHITE CATFISH

The White catfish, Ictalurus catus, is a resident freshwater species found in
coastal rivers along most of the east coast of the United States (Trautman
1957). Although adult white catfish will tolerate brackish waters with salin-
ity up to 14 ppt (Kendall and Schwartz 1968), spawning is restricted to water
with salinity less than 2 ppt (Perry and Avault 1968).

Spawning occurs in late spring or early summer, with large shore and shoal
catchés of adults in June and July, possibly related to spawning activities
(TTI 1981). Generally found in deep-water areas, the adult white catfish lays
adhesive eggs in prepared nests found in the shallower shoal and shore zones,
remaining there to provide parental care. No spatiotemporal distribution
information is available for prejuvenile stages of white catfish because of
the invulnerability of eggs and larvae to LRS sampling gear. Because of high
downriver salinities it is probable that spawning occurs only in the middle
and upper regions of the estuary or in the tributaries. No eggs or larvae
were collected during the 1986 or 1987 sampling programs.

Juvenile white catfish are found from the Poughkeepsie region north to the
upper limit of the estuary at the Troy Dam from late July through early Au-
gust. After moving into the deeper river strata during September and October,
the yearling and older catfish migrate downstream to overwintering grounds
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when upper estuary temperatures drop to 14 to 15°C (NAI 1985b). Mansueti
(1950) and Schmidt (1971) reported similar fall movements to deeper waters
with changing water temperatures. White catfish are bottom dwellers, feeding
on vegetation and benthic invertebrates as well as small vertebrates.

4.12.1 1986 Study

4.12.1.1 Young-of-Year. White catfish YOY were collected in 1986 from the
initial FSS sampling period on 21 July through the 10 November collection
period (Figure 4-159). Temporal distribution data for white catfish YOY were
not sufficient to establish population trends; however, peak regional density
was recorded in the West Point region during the 10 November sampling week.
YOY were collected primarily north of the Cornwall region, with greatest den-
sities found from the Saugerties region‘to the Federal Dam at Troy, New York
(RM 94-152). The deep-water habitat of white catfish was apparent since only
two shore-zone samples revealed juveniles during the BSS program (Figure
4-160). Beach seine catches were made only in the Tappan Zee region.

4,12.1.2 Yearling and Older Fish. Yearling and older whitehcatfish were
caught'from the first sampling week (29 April) of the 1986 LRS (Figure 4-161)
through the final collection period (23 November) of the FSS (Figure 4-162).
Highest regional densities were collected during the May and June LRS sampling
periods from regions upriver of West Point. Yearling or older white catfish

were caught in all Hudson River estuary regions during both the LRS and the
FSS.

The BSS program collected limited numbers of yearling or older white catfish;
spatial distribution patterns were evident, however, with captures made con-
sistently in the Tappan Zee region during all but the final sampling week
(Figure 4-163). A similar spatial distribution pattern was apparent from the
FSS, with consistent catches made throughout the survey in the Tappan Zee and
Croton-Haverstraw regions. Another area of abundance appears to be Catskill
from mid-May through mid-October.
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4.12.2 1987 Study

4,12.2.1 Young-of-Year. Juvenile white catfish were collected during the 29
June and 6 July 1987 LRS sampling weeks (Figure 4-164) and during every col-
lection period of the FSS program (Figure 4-165). In the FSS peak occurrence
took place during the initial collection week; density estimates were greater
than 1/1000 m3 from late June through September. YOY were collected primarily
in the upper estuary, with greatest densities in the Catskill and Albany re-
gions (RM 107-152). Catches were made in all regions except Yonkers and were
limited to shoal and bottom strata.

4.12.2.2 Yearling and Older Fish. Yearling and older white catfish, first
collected during the 1987 LRS samplingAweek of 20 April (Figure 4-166), re-
mained in samples through the final FSS collection period beginning on 10
November (Figure 4-167). A temporal distribution peak occurred in early
June. No spatial distribution pattern was apparent from the LRS and FSS pro-
grams; collections occurred at every region. The 1987 BSS had peak catches
from the Tappan Zee through the Indian Point region; trace numbers were caught
in all other regions except Yonkers, Poughkeepsie, and Kingston where no
catches were made (Figure 4-168). As in 1986, consistent catches were made in
the Tappan Zee region from May through November.

4.13 SPOTTAIL SHINER

Spottail shiner, Notropis hudsonius (Clinton), occurs in freshwater rivers and
lakes from Canada south to Georgia on the east coast of the United States, and
extends west to Iowa and Missouri (Scott and Crossman 1973). A small midwater
schooling fish, the spottail shiner is omnivorous, feeding on algae, insects,
small crustaceans, water mites, eggs, and small fish larvae. They are an

important forage source for the many piscivorous fish found throughout their
range.
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In the Hudson River estuary the spottail shiner is restricted to the upriver
regions, preferring areas of low turbidity away from strong currents (Pflieger
1975). Adults move from the overwintering shoal and bottom strata of the mid-
dle and upper estuary to shore-zone areas of the upper estuary to spawn during
June and July (Werner 1980), typically preferring habitats with sand or gravel
substrates. Spawning takes place over sandy bottoms and at the mouth of trib-
utaries where the fish assemble in large aggregations (Smith 1985a). After
spawning, the adults return to offshore areas, with juveniles following in
September to overwinter.

4.13.1 1986 Study

4.13.1.1 Young-of-Year. dJuvenile spottail shiner were first collected in the
1986 LRS during the second week of June and then remained absent from catches
until the week of 7 July (Figure 4-169). Spottail shiner YOY were found in
every sampling period of the FSS and BSS programs (Figures 4-170 and 4-171),
with peak abundance from mid-July through early August. Catches were recorded
from the Croton-Haverstraw region to the Federal Dam at Troy, New York (RM
34-152), with greatest abundance in the middle estuary. Previous Year Class
Reports have reported geographic distribution peaks to occur commonly in the
upper estuary. The more southern 1986 peaks appear to coincide with above-
normal freshwater flow rates in June and July (Figure 4-7).

4.13.1.2 Yearling and Older Fish. VYearling and older spottail shiner were
first co1iected during the last week of May in the 1986 LRS program (Figure
4-172) and were present in every succeeding sample period, including all bi-
weekly samples collected during the FSS and BSS (Figures 4-173 and 4-174) pro-
grams. Peak abundance occurred in early September, with monthly mean regional
densities in excess of 5/1000 m3 every month from June through November. The
abundance pattern was sporadic, with no apparent density trends.

Spottail shiner were collected in every region except Yonkers. Highest re-
gional densities were concentrated in freshwater areas north of Poughkeepsie.

4-51

Lawler, Matusky & Skelly Engineers

-

=

[



691-+ 34NoOI4

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

ooooooo

T ETET T ETTETET AT

JELEELEE BB R
[E/E BB BB E B
[E/E B B BB BB BT
[E/E B B R BB
[B/ 5B B B YR
JE/E BB B R BB
[E/E B B BB RSB
[E/E BB B R R B E
[ELE BB BB E R
[E/E BB BB B
t\\\\\\\\\\ﬁ\g_ ,,,,,,,,,,

BINIHS TIVI104S ¥0S KGL 40 AFPSHIQ
- AJAUNS AAAIY DNOT 9961

4~51A



SEAQNEL 9BAONO)  984d0fl  9RIJOfY  99d3ISET  98d4IS6Y  984ISTO  949AVElI  9RIAYID

SETETE T T
L2 BB BB
[T EE ST e
Ve AT T
AT E AT AT
ICTCTETATETETTA
VEETETETETATETETAA
SETEE e e e e
SR T e e
AT
SETETE e 2555
Iy

YINIHS VIVII0dS ¥0J 404 30 ALISNIQ
0 AHAYNS STVOHS TTVY 9861

4-51B



LLL-¥ 3HNDIH

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

\\\\\\\s\\i
[5/5/5 /5755555
57575757575/ 57555
[3/8/8/%/5/5 3537/

..u\\\\\\\\@\

CrLrrnE

/5/5/8/8/ 8"/ "

fAM
s @@@\m @\@

\@ =/5/5/5/8/8/5 \@\u\

Ik /=/5/ 8/ 8/ 8/2/5/

h;>z:.n mz_mw IU«Q@ @@9 :

4-51C



¢il-v¥ 3HNOHI4

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

SETE T T T
T T AT,
T AT
eI
T AT
TN
T TN,
AT
[3/5/5/5/i/3/5/7/7/7/7/
VT8 . P T
oY e rs N
S

BINBME LIV P04 RO M08 40 ApI¢NYY
0 ATANNS MIAR DNOT 9861 A

4-51D



€.1-¥ 3HNOIS

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo

VETETETETATETUTETE 5/

T AT,

S /e

[T E e/ E e T
VT ATATETETY
[EE e T B E ]
T AT
T AT AT ATT AT

T
\&x?x\\\\:u
\{\i\\\\\i?

n\i\ \a\a\ﬁ\m\m\

$INIHS VIVLL0JS 904 104K 40 AL1SHIQ
- ATAMNS STVYOHS 11V 9861 .

4-51E



5/ 0/

9840

vii-v 3HNOIS

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

VETETETETET T ETATEY,

[ESE B BB B BB

xx\\\\\\\\\

[B/5/5 \ \a\a\.\a a\

VTV

/ =

(2 1)

\m\ \a& \m\

/2]

ngmw@xg_ff
EIRIER

§S ¥0Jg 0¥ 40 LINR/RY
. >m>mDm.mz_mm Io<mm @@mﬂ S

4-51F



Peak abundance in the upper estuary during June presumably corresponds with
adult spawning activity. As observed in past Year Class Reports, the upriver
concentration of spottail shiners was more pronounced in the FSS than in the
BSS. This is likely because of vulnerability differences between gears or a
preference for the inshore areas sampled by the BSS.

4.13.2 1987 Study

4.13.2.1 Young-of-Year. Spottail shiner YOY were first sampled during the
1987 LRS sampling week of 29 June (Figure 4-175) and were present in every
collection period throughout the FSS (Figure 4-176) and BSS (Figure 4-177)
programs. Greatest BSS abundance occurred during the two-week sampling period
following 17 August. Captures in the FSS catches from the Albany region were
restricted to the bottom strata because channel and shoal stratum are too
Timited to be sampled. Shore-zone catches were extensive in all regions from
Poughkeepsie to Albany (RM 62-152), with greatest densities in the Hyde Park
and Albany regions. Juvenile densities over 10/1000 m3 were present from the
Poughkeepsie through Albany regions except at Saugerties. No regions south of
Cornwall had density estimates of 1/1000 m3 or greater; no spottail juveniles
were captured south of Indian Point,

4.13.2.2 Yearling and Older Fish. Yearling and older spottail shiner were
caught during every sampling period of the 1987 LRS (Figure 4-178), FSS (Fig-
ure 4-179) and BSS (Figure 4-180) programs except the week of 27 April. Most
spottail shiners sampled during the LRS and FSS programs were captured in the
bottom strata. Greatest regional densities were noted in the shore zone, with
peak abundance in late September and early October. A smaller abundance peak
was suggested in late June and early July from the Indian Point region through
the Hyde Park region (RM 39-85). VYearling and older spottail shiners were
collected in 1987 as far south as the Indian Point region in bottom strata and
the Croton-Haverstraw region in the shore zone. Greatest bottom strata den-
sity (>1/1000 m3) was in the Kingston and Albany regions. Densities in excess
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of 1/1000 m3 were observed in the shore zone of all regions north of Croton-
Haverstraw, with sporadic abundance peaks over 10/1000 m3,

4.14 ATLANTIC STURGEON

The Atlantic sturgeon, Acipenser oxyrhynchus (Mitchell), is an anadromous spe-
cies 1inhabiting estuarine and offshore waters from Labrador to eastern
Florida. In the Hudson River estuary Atlantic sturgeon have been found from
the Croton-Haverstraw region through the Catskill region (RM 34-1234). Adults
generally reside in or near their natal estuaries, although they are occasion-
ally collected offshore (Murawski and Pacheco 1977).

Spawhing,occurs in the spring in fresh water, near the salt front, when tem-
peratures reach 13 to 18°C (Borodin 1925). " Adult Atlantic sturgeon move out
of the estuary following spawning; the young remain in fresh water for three
to five years before migrating out of the estuary (Huff 1975). While in the
estuary, Jjuveniles are demersal, feeding on insect larvae, zooplankton, and
plant material (TI 1981). In the Hudson River maturity is reached beginning
at about age 20, with spawning occurring at three- to five-year intervals
(Smith 1985b).

4,14.1 1986 Study

4.14.1.1 Young-of-Year. No Atlantic sturgeon YOY were collected in any of
the year class studies during 1986.

4.14.1.2 Yearling and Older Fish. A total of 189 yearling and older Atlantic
sturgeon were collected in 1986. Their first appearance in the 1986 sampling
programs was during the last week of May in the LRS (Figure 4-181). Each run
of the FSS captured from six to 30 yearling or older Atlantic sturgeon in all
regions except Yonkers. Greatest abundances appeared to be from the Pough-
keepsie through Saugerties regions (RM 62-106) (Figure 4-182). No consistent
temporal distribution is apparent. Distribution among strata was mainly lim-
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jted to bottom strata: three Atlantic sturgeon were captured in the shoals
and none in the channel strata. No Atlantic sturgeon were collected in any of
the BSS samples.

4,14.2 1987 Study

4.14.2.1 Young-of-Year. One YOY was collected during the 1987 FSS from the
Saugerties region on 3 November (Figure 4-183). Prior to this no juveniles
had been collected from any sampling programs since 1980, when 37 were col-
lected.

4.14.2.2 Yearling and Older Fish. A total of 148 yearling and older Atlantic
sturgeon were collected in 1987. The initial capture was during the LRS sam-
pling week of 18 May (Figure 4-184), with catches made consistently throughout
the FSS program (Figure 4-185). Greatest temporal abundance was evident from
mid-August through early September. Between seven and 39 yearling and older
Atlantic sturgeon were caught during each run of the FSS, with greatest esti-
mated densities occurring from the Hyde Park through Kingston regions (RM
77-93). Yearling and older fish were sampled from every region except Yonkers
and Atlbany. Distribution was concentrated in the bottom strata, with one
Atlantic sturgeon captured in the shoals and none in the channel strata. The
1987 BSS did not collect any Atlantic sturgeon.

4.15 SHORTNOSE STURGEON

The shortnose sturgeon, Acipenser brevirostrum, is an anadromous species
listed as endangered by the Endangered Species Act of 1973. These fish in-
habit estuaries and nearshore waters from Canada to Florida, and tend to
remain within estuaries for most of their lives. They have been reported to
move up to 20 km/day within an estuary (McCleave et al. 1977; Buckley and
Kynard 1985). In the Hudson River estuary shortnose sturgeon are thought to
overwinter in the middle estuary, moving upriver to spawn.
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Spawning occurs in the uppermost areas of the estuary in late April and early
May when water temperatures range from 6 to 17°C (TI 1981). Adult shortnose
sturgeon spawn periodically, with the first spawn occurring at age 8 to 17
years and as many as 20 years between spawns (Taubert 1980).

4.15.1 1986 Study

4.15.1.1 Young-of-Year. No YOY or earlier 1ife stages of shortnose sturgeon
were collected in any of the 1986 sampling programs. Since larval stages have
only recently been described (Taubert and Dadswell 1980; Bath et al. 1981),
abundance and distribution figures in the Hudson River are not clearly known.

No larvae have been captured since early June 1984 when only two PYSL were
coliected.

4.15.1.2 Yearling and Older Fish. Only 10 shortnose sturgeon were captured
during 1986 (Table 4-4); all were yearling or older, with two collected during
the LRS (Figure 4-186) and the remaining eight caught during the FSS (Figure
4-187). Six were caught in bottom strata where salinities were less than 1
ppt (RM 55-123) and four were caught in shoal strata where salinities were
greater than 5 ppt (RM 29 and 32). The low number of yearling or older fish

caught does not warrant discussion of geographic or temporal distribution
trends.

4.15.2 1987 Study

4.15.2.1 Young-of-Year. No YOY or earlier 1ife stages of shortnose sturgeon
were collected in any of the 1987 sampling programs.

4.15.2.2 Yearling and Older Fish. Eleven shortnose sturgeon were captured
during the 1987 FSS program; all were yearling and older (Table 4-5). One was
caught in the shoals strata, with the remainder sampled from the bottom stra-
ta. Spatial distribution was sporadic: six were captured in the Kingston
through Saugerties regions, two in the Poughkeepsie region, two in the Tappan
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COLLECTIONS OF SHORTNOSE STURGEON DURING THE

TABLE 4-4

1986 YEAR CLASS STUDIES

NUMBER

DATE SURVEY REGION STRATA COLLECTED
30 Apr LRS Catskill Bottom 1
4 Jun LRS Saugerties Bottom 1
23 Jul FSS Tappan Zee Shoal 1
25 Jul FSS West Point Bottom 1
7 Aug FSS Cornwall Bottom 1
20 Aug FSS Kingston Bottom 1
21 Aug FSS Hyde Park Bottom 1
- 4 Sep FSS Kingston Bottom 1
30 Sep FSS Catskill Bottom 1
15 Oct FSS Tappan Zee Shoal 1

4-55A
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COLLECTIONS OF SHORTNOSE STURGEON DURING THE

TABLE 4-5

1987 YEAR CLASS STUDIES

NUMBER
DATE SURVEY REGION STRATA COLLECTED
29 Jul FSS Tappan Zee Shoal 2
30 Jul FSS Poughkeepsie Bottom 2
10 Sep FSS Kingston Bottom 2
11 Sep FSS West Point Bottom 1
23 Sep FSS Kingston Bottom 2
23 Sep FSS Saugerties Bottom 1
3 Nov FSS Saugerties Bottom 1

4-55D



Zee region, and one in the West Point region (Figure 4-188). Temporal distri-
bution trends cannot be determined because of the low numbers sampled. No
shortnose sturgeon were sampled during the LRS and BSS programs.
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CHAPTER 5

SPECIAL STUDIES TO EVALUATE PREVIOUSLY
UNSAMPLED AREAS OF THE HUDSON RIVER

5.1 INTRODUCTION

Since 1973, Year Class Reports describing the abundance and distribution of
Hudson River fish and ichthyoplankton have been prepared for New York util-
ities. The data in these reports are used to estimate the year-class strength
and standing crop of selected species. In 1980 a Settlement Agreement that
addressed the relationship between water use for power generation on the
Hudson River and protection of Hudson River fish communities was reached.
The agreement stipulated plant outages and reduced flows for selected plants.
An assessment program was developed to determine whether outages and reduced
flows may result in beneficial effects to fish populations (MMES 1986).
Several of the approaches used to evaluate the efficacy of outages require
accurate estimates of riverwide abundance for selected species by 1ife stage.

A key assumption underlying each of the estimators for abundance and standing
crop is that the full geographic distribution of the target organism is sam-
pled. Historically, this assumption has not been met because obstructions or
Timitations in gear have restricted sampling in some locations and prevented a
few areas from being sampled at all. For the purpose of estimating fish and
ichthyoplankton abundance in Year Class Reports, the density in unsampled
areas has been assumed to be equivalent to that of adjacent areas.

In 1986 and 1987 a series of special studies examined fish abundance in previ-
ously unsampled areas and compared these estimates to those from adjacent
areas. The overall purpose of these studies was to evaluate the adequacy of
the assumption that densities in adjacent areas reasonably represent densities
in historically unsampled areas.

5-1
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As described in Chapter 2 (Materials and Methods), regular sampling takes
place from river mile (RM) 12 to RM 152. This portion of the Hudson River is
divided into 12 longitudihal regions; each is then further divided into four
strata: shore zones (water depth less than 10 ft), shoals (water depth 10-20
ft), bottom (the lower 10 ft of the water column in areas with a depth of 20
ft or more), and channel (all other areas). Samples are collected from all
areas where ff is practical to deploy standard gear. The unsampled areas fall
into three general categories:

o Type 1 - Unsampled Upriver Shoals. These are the shoal
areas at the West Point, Poughkeepsie, Hyde Park, Kings-
ton, Saugerties, Catskill, and Albany regions, which are
not sampled for either juvenile fish or ichthyoplank-
ton. Taken together, these unsampled areas account for
34.4% of the total shoal volume and about 5% of the
entire river volume (Table 5-1). For-each of the un-
sampled shoal regions the density of juveniles, eggs,
and larvae is assumed to be equal to that of the bottom
stratum. :

¢ Type 2 - Unsampled Shore Zones. The shoreline along
most of the Hudson River estuary is not accessible with
the 100-ft beach seine for the collection of juveniles.
Only limited areas of the shoreline have the proper bot-

~ tom contour, freedom from submerged obstructions, and

open beach area to retrieve a seine. The density of
juveniles in these unsampled areas is assumed to be
equal to that of adjacent sampled beaches. In all
regions at least some beaches can be sampled; thus, all
estimates of shore strata populations are based on cal-
culations that include some actual samples. Histori-
cally, shore zones have also not been sampled for
ichthyoplankton because of the difficulty in operating
large boats and deploying the standard gear (epibenthic
sleds and Tucker trawls) in shallow water. The density
of ichthyoplankton in the shore zone is assumed to be
equal to that of the shoal of the corresponding region.
Thus, for ichthyoplankton, the bottom densities for un-
sampled upriver shoal regions have been used to calcu-
late standing crops in both shore and shoal strata.

o Type 3 - Unsampled, Obstructed Bottom, Shoal, and/or
Shore Zones. These areas, obstructed by wrecks, cabhle
crossings, or piers, represent a small portion of the
regions in which they occur. Fish density in these
areas is assumed to be equal to that of unobstructed
areas within the same strata of these regions. The
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potential error in abundance estimates attributable to
these areas is small.

In 1986 Normandeau Associates, Inc. (NAI), performed a hydrographic survey to
evaluate the possibility of sampling previously unsampled areas with modified
sampling gear and to identify areas so choked with aquatic vegetation or other
obstructions as to make sampling impossible with any gear. Although a con-
siderable portion of the shore areas above MP 50 cannot be sampled because of
thick aquatic vegetation, sampleable shoals in previously unsampled regions
were identified (NAI 1987) and in 1986 and 1987 efforts were made to collect
fish from previously unsampled areas. To assure sample collection, some gear
was modified for deployment in the previously unsampled areas and some new
gear was used. Simultaneously, previously sampled regions were resampled with
new, modified, or standard gear, thus allowing a comparison of collections for
sampled and previously unsampled areas.

5.2 ABUNDANCE OF JUVENILE FISH

Special studies were conducted during 1986 and 1987 to identify the relation-
ship between abundance of juvenile fish in sampled and previously unsampled
regions. Efforts during the first year of the special studies were directed
toward developing gear that was similar in design and method of deployment to
that historically used in the fall shoals surveys. Appropriate sampling loca-
tions within selected regions and strata were also identified. The 1987 spe-
cial study for juvenile fish relied on the information gathered during 1986
with respect to effective sampling gears and locations. Because the 1987 pro-
gram was focused on gear demonstrated to be successful in sampling previously
unsampled regions and strata known to support target species in abundance, the
value of data collected in 1987 was maximized. The quality of the data col-
lected in 1987 allowed careful statistical analyses to identify significant
differences in abundance among strata.

The juvenile fish program focused on five target species: Atlantic tomcod,
bay anchovy, and striped bass from the lower river regions of Croton-
Haverstraw and West Point; white perch from Kingston; and American shad from

5-3
Lawler, Matusky & Skelly Engineers



Catskill. When sufficient numbers of a species were collected, data were ana-

lyzed by year class: young of the year, yearling, and older (1ength divisions
1, 2, and 3; see Section 2.5).

For both sampling years, analysis of variance (ANOVA) was used to investigate
the sources of variation and differences among gears and life stages and be-
tween previously sampled and unsampled strata. The dependent variable was
Tn (CPUE + 1). For preliminary statistical evaluation of 1986 data, factorial
ANOVA using SAS GLM (SAS 1985) procedure with Type III sum of squares was used
to compare results. This procedure is unaffected by the order in which inde-
pendent variables are entered into the analysis. Results indicated signifi-
cant effects associated with gear and 1ife stage. To clearly identify signif-
icant differences between previously sampled and unsampled strata, data were
classified by gear, regions, and 1ife stages, then subjected to individual
ANOVA (SAS GLM, Type I sum of squares). Where statistical differences were
identified, the relationship among means was explored using Student-Newman-
Keuls (SNK) groupings (SAS 1985).

5.2.1 1986 Juvenile Fish Abundance in Previously Unsampled Areas

The objective of the 1986 special study on juvenile fish abundance was to test
the hypothesis that fish density in unsampled areas is the same as in adjacent
sampled areas. Samples were collected from previously sampled and previously
unsampled areas in three different strata. Beach strata (1 to 5 ft depth)
were sampled with a40.9-m2 pushnet. Shore zones (5 to 10 ft) were sampled
with pushnets and 2.0-m beam trawils. Previously unsampled upriver shoal areas
(10 to 20 ft) were sampled with 2.0-m beam trawls. The latter samples were
paired with beam trawl collections made in previously sampled bottom strata
adjacent to the unsampled shoals. (Sampling gear and strata categories are
described in detail in Chapter 2, Volume 1.) Samples from the Catskill region
were used for gear comparisons between the pushnet and the beam trawl.

5.2.1.1 Beach and Shore Strata Collections. Estimates of juvenile abundance
and standing crop in shore zones have been based on beach seine collections;
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however, the sampling regions of the Hudson are composed primarily of shores
that cannot accommodate seines. The species composition and abundance of
juveniles are assumed to be the same in unsampled shore zone habitat as on
sampleable beaches. The adequacy of this assumption was tested by comparing
the abundance of juveniles estimated from data collected with pushnets and
beam trawls from historically sampled beaches with that from previously unsam-
pled shores.

Pushnets deployed in previously sampled beaches and previously unsampled shore
zone strata collected a diversity of species, but numbers were low (Table
5-2). The species collected in the beach strata were typical of shallow,
shore-zone fish communities. Of the target species, only American shad and
white perch were collected. Considering the small numbers collected, fre-
quency of catch and abundance were similar in both previously sampled and pre-
viously unsampled strata. The limited numbers collected precluded credible
statistical analysis.

When deployed in the Catskill region shore stratum (5 to 10 ft deep), pushnets
collected only a few species in low numbers (Table 5-3). Pushnets caught a
few midwater and surface-oriented species and only two white perch. The beam
trawl collected more species in larger numbers; however, they were almost
entirely bottom-oriented species. Because of the low (and frequently zero)
catches, statistical analyses could not be credibly performed on data from
pushnet collections in the shore stratum. The results indicate that the push-

net deployed in the shore zone did not provide data representative of actual
species diversity and abundance.

When regional data are combined, average CPUE for beam trawl collections in
previously sampled and previously unsampled shore zones indicates that bay
anchovy, striped bass, and white perch were higher in unsampled areas (Table

5-4). The variation in abundance among samples and regions was high, however
(Table 5-5).
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TABLE 5-2
TOTAL NUMBER COLLECTED IN PUSHNET COMPARISON STUDY

1986, Catskill Region

PREVIQUSLY SAMPLED PREVIOUSLY UNSAMPLED
BEACHES BEACHES
57 SAMPLES 52 SAMPLES
SPECIES LENGTH 1 LENGTH 2 LENGTH 3+ LENGTH 1 LENGTH 2 LENGTH 3+
AlewifeP 27(11)d 0 0 40(8) 2 0
Bay anchovy 1(2) 1 0 9(4) 0 0
American shadP 29(11) 0 0 38(11) 1 0
Bluegill 0(1) 1 0
-Black crappie 0(1) 1 0 0(1) 1 0
American eel 0(2) 0 2 0(1) 0 2
Golden shiner 0(3) 0 5 0(3) 0 5
~Tessellated darter 6(1) 0 0 42(4) 2 0
Banded killifish 3(2) 0 0
Atlantic menhaden 1(1) 0 0 3(2) 0 0
Blueback herringD 26(11) 0 0 20(7) 0 0
-Spottail shiner 25(7) 6 0 26(8) 8 0
White catfish 0(4) 0 4 0(3) 0 3
White perchb 17(8) 3 1 11(3) 1 0
Centrarchidae UID 5(2) 0 0 25(4) 0 0
Pumpkinseed 0(6) 4 3
Emerald shiner - 0(1) 1 0
Fourspine stickleback 0(1) 1 0
“Atlantic needlefish 0(1) 0 1

~ANumber in ( ) denotes number of collections containing each species.
bLength catagories represent YOY, yearling, and older.

5-5A



—
-

*Jap(o pue ‘BuLlJeal ‘A0A juasauadau saLJobejed ;pm:mqn
*uot323a(10d jo Aduanbauay sajousp ( ) uL JaqunNp

1 yst43ed ajLum
1 1 qssed padiLJis
1 JauLys [Lejlods
£ ] JajJdep paje|[assal
L JaxoyoboHy
£6€ 1.8 8 \ (1)2 qua4ad 23LUM
()o1 (v) 1 fuLJaay yaeganig
61 (D1 [99 uRILIBUY
L (e)v o(£)8 gPRUS UBDLJaLY
+£ HI9ON31 ¢ HION31 1 HIONIT +€ HIONIT ¢ HIONIT 1 HIONIT +E HIONIT ¢ HIONI1 1 HIONIT §3133dS
SITdWYS £ S31dWYS 01 S3TdWYS 01
WNLVYLS WNLYY4LS WNLVYLS
d37dWYSNN _ATSNOIAIYd 037dWYSNN ATSNOIATYd 031dWYS_ATSNOIATYd
IMVYL Wy3g L1INHSNd

(deap 34 01 03 )
uotBay LLLdSFe) ‘wnjedis aJoys 9861

AONLS NOSIYVAWOD LINHSNd NI (31337700 ¥34WON vVLOL
€-G9 3149vl

5-58



TABLE 5-4

CPUE (No0./1000 m3) IN PREVIOUSLY SAMPLED
AND PREVIOUSLY UNSAMPLED SHORE ZONES

1986 Beam Trawl Data, All Regions Combined

PREVIOUSLY SAMPLED PREVIOUSLY UNSAMPLED
BEACHES BEACHES
18 SAMPLES 28 SAMPLES
SPECIES LENGTH 1 LENGTH 2 LENGTH 3+ LENGTH 1 LENGTH 2 LENGTH 3+
Alewifeb 0.28 0.05 0.09 0.04
Bay anchovyd 0.85 0.06 3.79 0.72
American shadab 0.68 0.00 0.57
Brown bullhead 0.12 0.04
Pumpkinseed 0.11
Carp 0.00 0.04
" American eel 0.12 0.35 1.06
Hogchoker 0.19 0.57 0.35 6.17
Tessellated darter 0.80 0.36 0.75
- Blueback herringdP 0.63 0.14
Rainbow smelt 0.18
Spottail shiner 0.18 0.16 0.04
Striped bassab 0.07 0.66 0.04 0.06
White catfish _ 0.06
White perchab 23.12 7.05 3.52 9.40 22.57 6.13
Weakfish 0.04

dTar