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FOREWORD 

Texas Instruments Incorporated (TI), under contract with 

Consolidated Edison Company of New York, Inc. (Con Edison), is performing 

a multiplant impact study of the Hudson River estuary, the goal of which is to 

determine the combined impact of power plants on the fishery resources of the 

Hudson River estuary. This study, which is jointly financed by Consolidated 

Edison, Orange and Rockland Utilities, Inc. and Central Hudson Gas and Electric 

Cor poration, began on 1 April 1974.  

The study was initiated as a result of various power-plant 

licensing proceedings, which included the initial licensing of the proposed 

Cornwall pumped- storage hydroelectric project by the Federal Power Comn

mission (FPC) and of the Indian Point nuclear power- generating plant by the 

Atomic Energy Commission (AEC)'- in the mid- to late 1960s. The Environ

mental Protection Agency (EPA), in response to the Federal Water Pollution 

Control Act (FWPCA) of 1972 for National Pollutant Discharge Elimination 

System (NPDES) permits, initiated additional licensing proceedings for the 

Indian Point nuclear plant and fossil-fuel plants existing and under construction 

on the Hudson River (e. g. , the Bowline, Lovett, Danskammer, and Roseton 

plants). In each of the proceedings except Cornwall, the basic controversy 

concerns the consequences of once-through cooling and the costs and benefits 

to society of alternative measures such as cooling towers. Once-through 

cooling problems initially focused around thermal pollution; however, in the 

Cornwall licensing proceedings with the FPC and in the Indian Point pro

ceedings with the AEC, the direct effects of entrainment and impingement on 

the river biota surfaced as the greatest potential problems.  

*The AEC was recently reorganized; licensing is now under the jurisdiction 
of the Nuclear Regulatory Commission (NRC).
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As a consequence of these licensing proceedings, various 

Hudson River environmental studies specifically emphasizing entrainment and 

impingement have been undertaken. These have included the Hudson River 

Fisheries Investigations directed toward assessing the impact of the proposed 

Cornwall plant, the Indian Point ecological studies, the Cornwall ecological 

studies, the Bowline/Lovett ecological studies, and the Roseton/Danskammer 

ecological studies.  

Licensing proceedings of the major power plants on the Hudson 

River for once-through cooling operation are currently incomplete. Based on 

existing requirements, these plants will be required to cease operation with 

once-through cooling on various dates from May 1979 to July 1981, but licens

ing is still possible if it can be demonstrated that the impact is insignificant or 

that alternatives are not available or not of appreciable benefit to society when 

costs are considered. Major emphasis in these proceedings is now being 

directed toward determining these plants' combined impact on the fish popu

lations of the Hudson River estuary. This report addresses a number of 

criteria that have been put forward for assessing impact on fish populations 

(McFadden, and Woodbury, 5 February 1973 AEC IP II hearing record TR 9405).  

The multiplant impact study has been designed to meet the pre

sent requirements of the licensing proceedings. It has been developed from 

previous plant- related studies (primarily Cornwall and Indian Point) and is 

being coordinated with studies at other plant sites (especially Roseton* and 

Bowline**). The study also will provide data for planning and licensing power 

plants which may utilize the Hudson River water for cooling purposes in the 

f utu re.  

*For Central Hudson Gas and Electric Corporation 

**For Orange and Rockland Utilities, Inc.  
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SECTION I 

INTRODUCTION 

This study provides an integrated analysis of the population 

dynamics of key fish species which may be subjected to mortality from entrain

ment in the cooling waters or impingement on the intake screens of Hudson 

River power plants. This includes an extensive analysis of both the historical 

and recent data base.  

Previous information on the riverwide (far.-field) spatial and 

temporal distribution of various fish life stages was available largely from the 

Hudson River Fisheries Investigations (HRFI) study by Carlson and MctCann 

(1969) during 1965-1968 and from the Texas Instruments Cornwall study in 

1973. Earlier, Rathjen and Miller (1957) had reported data of this type. Local 

(near-field) distributional data were available from other sources: New York 

University (NYU) studies (1965-present); Quirk, Lawler, and Matusky Engineers 

(QLM; now Lawler, Matusky, and Skelly Engineers or LMS) studies (1969

present); and Raytheon (1969-1970) and TI (1972-present) Indian Point studies.  

Mark and recapture information on fish movements and preliminary popu

lation estimates first became available in. 1972 and 1973 from TI's Indian 

Point and Cornwall studies.  

As a result of these studies and the modeling efforts of a 

number of groups IILMS, Oak Ridge National Laboratory (ORNL)], factors of 

primary importance in determining impact (reduction) on fish populations 

became apparent. Of major importance in determining short-term impact 

from entrainment and impingement was the riverwide distribution of the 

various life stages of important fish species in space and in time; second in 

*Oak Ridge National Laboratory is now the Holifield National Laboratory.  
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importance were the local distributional and withdrawal phenomena which related 

the density of organisms in entrained water to their density in the local river 

water. Other important factors were the survival rate of entrained organisms 

during plant passage, the amount of reentrainment incurred by entrained orga

nisms, and the degree of density- dependent population regulation in these fish 

populations, along with the amount of compensation for power-plant mortality 

which such population regulation would allow. The compensation question, of 

course, related most strongly to the eventual impact on the adult stock.  

The multiplant study was designed to provide in this report a 

preliminary empirical estimate of short-term impact of entrainment on the 

striped bass 1 973 year class and the striped bass and white perch 1974 year 

classes. Approximate estimates of impingement impact on 1973 year classes 

of white perch, striped bass, American shad, and other clupeids are also in

cluded. A detailed analysis of the historical data base provided information 

on the physical and biological factors controlling fish abundance, as well as 

exceptionally strong evidence of compensation in the striped bass population.  

This report is organized into eight major sections. The first 

four include the introduction, the summary, details of the field and laboratory 

methods, and a description of the study area (the river and the. power plants).  

Sections V through VIII contain results of the research program. Section V 

analyzes the historical data base, illustrating changes in stock size for the 

major fish species based on commercial fishery data, variations in year-class 

strength based on scientific surveys of the Hudson, major factors likely to in

fluence year-class strength, and the lack of historical evidence for power plants 

affecting year-class strength. Section VI, by examining the spatiotemporal 

patterns of abundance of the key fish species in light of their known life history 

and behavioral patterns, assesses the potential vulnerability of each life stage 

to the power plants along the river. Section VII, by analyzing the data from the 

preceding chapter, along with other data, calculates standing crops in the river, 
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numbers entrained, and numbers impinged, and combines all of this into an 

estimate of short-term ("direct") impact on the population. Section VIII 

investigates the potential for compensation (density dependence) in the fish 

populations of the Hudson River by examining the historical data base for 

evidence of stock- recruitment (parent- progeny) relations and density- dependent 

growth rates.
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SECTION II 

SUMMARY AND CONCLUSIONS 

A. GENERAL INTRODUCTION 

This section summarizes the analytical portions of the report 

(Sections V through.VIII) and presents the major findings of biological and 

management importance in a framework designed to aid in decision-making.  

The format parallels the report's organization but omits a discussion of 

field and laboratory procedures (Section III) and a description of the study 

area (Section IV). A discussion of the analysis of the historical data base on 

Hudson River fish populations is followed by an assessment of the spatio

temporal patterns of abundance of important life stages of key fish species rel

ative to existing power plants along the Hudson. Next, the impact of entrain

ment (passage of an organism through a power plant within the cooling waters 

withdrawn from the river) and impingement (entrapment of larger organisms on 

the power-plant intake screens) for operating power plants is estimated based 

on data from 1973 and 1974, followed by an important analysis of the ability of 

Hudson River fish populations to compensate for the mortality imposed by 

power plants. Finally, all of the findings on the commercially important 

striped bass population are combined in an assessment of the implications of 

short-term impact on this population. Based on all of our findings, it is un

likely that the measured levels of impact on ichthyoplankton and juveniles had 

any discernible effect on the abundance of adult striped bass.  

Readers desiring a more detailed analysis and discussion of the 

available data should consult the specific sections, while those desiring addi

tional information on the data or the mathematical procedures and their deri

vations should refer to the appropriate appendixes.  
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B. ANALYSIS OF HISTORICAL DATA BASE (SUMMARY OF -SECTION V) 

1. Introduction 

Complete evaluation of power-plant impact on Hudson River 

fish stocks requires consideration of long-terrn trends in fish abundance and 

the extent to which these trends are influenced by factors other than power 

plants. To evaluate the relative effects that power plants, biological factors, 

and environmental factors have on fish abundance trends, data on these fac

tors and abundance of the major species were gathered from a variety of 

sources and combined to form the historical data base. Examined were trends 

in size of Hudson River spawning stocks of striped bass, white perch, and 

American shad; abundance of juvenile (young-of -the -year) striped bass and 

white perch; relationships of abundance to physiochemical, biotic, and power

plant operational factors; and species composition as determined from beach

seine catches.  

Z. Spawning Stock Abundance Trends 

Trends in spawning stocks were revealed in a series of catch

per-unit-effort estimates of relative abundance based on Hudson River com

mercial fishery records from 1931 to 1972 (Figure II-1). Striped bass abun

dance fluctuated irregularly at a fairly low level from 1931 to 1954 but in

creased substantially in the rnid-1950s and has since fluctuated about a rela

tively high level. White perch abundance indices decreased drastically from 

1931 to 1954 and have continued to decline at a less rapid pace to the present; 

some of the apparent decline may actually represent altered fishing strategies 

due to a diminishing market demand. American shad abundance oscillated 

widely, with recent lows occurring in 1950 and 1964 and highs in 1956 and 1972.
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Figure II-i. Abundance of Striped Bass, White Perch, and American Shad 
in Hudson River, 1931-1972, Based on Commercial Landings 
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3. Juvenile Abundance Tre nds 

Abundance of juvenile striped bass was variable from 1965 to 

1974 (Figure 11-2) and was not strongly controlled by the physical and biotic 

factors examined. Between 1965 and 1968, juvenile striped bass were relatively 

scarce. Riverwide abundance was much higher from 1969 to 1973 but declined 

in 1974. There was no significant relationship between year-class strength and 

maximum daily withdrawal of water by power plants, water temperature, or net 

freshwater flow in March, April, May, June, or July. Although bluefish and 

older striped bass were shown to prey upon juvenile striped bass, no statisti

cally significant relationship between the abundance of these fishes and the abun

dance of juvenile striped bass was detected.  

Juvenile white perch abundance from 1965 to 1974 varied con sid

erably (Figure 11-2) and appeared to be strongly affected by freshwater flow.  

Riverwide abundance was generally higher between 1965 and 1969 than after 

1969. There was a strong negative linear relationship between abundance of 

juvenile white perch and net freshwater flow in all spring and early summer 

months except April, suggesting that much of the variation in abundance is pro

duced by fluctuations in runoff.. Abundance was unrelated to water temperature 

or to water withdrawal by power plants. Bluefish preyed upon juvenile white 

perch but did not substantially affect their abundance.  

4. Species Composition Trends 

In beach-seine catches in the Hudson River between 1965 and 

1974 (Figure 11-3), 85 fish species were identified. From 1965 to 1972, the 

number of species caught annually varied irregularly between 26 and 48, in

creasing in 1973 to 65 and in 1974 to 75. Total seining effort also increased 

in 1973 and 1974. There is no evidence that power-plant operations have det

rimentally affected fish species richness.
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Figure 11-3. Number of Fish Species Caught in Hudson River Beach Seines, 
1965-1974 

C. VULNERABILITY ASSESSMENT (SUMMARY OF SECTION VI) 

1. Introduction 

The magnitude of power -plant-induced mortality on fish popula

tions in the Hudson River estuary during a given year is directly related to the 

exposure of each species' eggs and larvae to entrainment and the impingement 

of young -and yearlings. The vulnerability of striped bass, white perch, and 

Atlantic tomcod to plant-induced mortality at the Bowline, Lovett, Indian 

Point, Roseton, and Danskammer electrical generating stations was assessed 

by analyzing ichthyoplankton, fisheries, and water-quality data collected in 

1973 and 1974 in conjunction with data on these species summarized from the 

scientific literature. The key factors contributing to this assessment were 

integrated as shown in the following illustration;
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2. Life History, Behavior, and Physiology 

Striped bass is an anadromous species using the estuary only as 
spawning and nursery areas. Exposure to power plants was concentrated pri

marily on the egg, larval, and juvenile (young -of -the -year) stages. The eggs 

and yolk-sac larvae are pelagic and vulnerable to ichthyoplankton sampling 

gear and entrainment. Egg development was rapid (about 2 to 3 days), with the 

larvae becoming motile at 5 to 6 mm total length (TL). The motile post yolk

sac and juvenile stages are positively phototropic (Doroshev, 1970), which may 
alter their vertical distribution and vulnerability to power plants during a 24-hr 

period.  

White perch is a resident estuarine species which is exposed to 
some degree to power plants during all life stages and age groups. Since 

spawning was presumably concentrated in the shoal and shore-zone areas and
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the eggs are demersal and adhesive (Mansueti, 1964), egg and larval stages 

were less vulnerable to ichthyoplankton sampling gear and plant intakes than 

were striped bass eggs and larvae. Egg development was rapid, with the 

larvae becoming motile at a TL of 3 to 4 mm (Mansueti, 1964). Like striped 

bass, post yolk-sac larval and juvenile white perch are positively phototropic 

(Mansueti, 1964).  

Atlantic tomcod, also an anadromous species using the estuary 

as spawning and nursery area, may be exposed to power plants during almost 

every life stage. Spawning adult tomcod are small, the majority ranging from 

115 to 225 mm TL (TI, unpublished data) and are vulnerable to impingement.  

Nichols and Breder (1927) state that the tomcod ".. . is not an active swme" 

so its ability to avoid plant intakes may be limited. Tomcod eggs which are 

deposited in shallow shore-zone areas, are demnersal and probably adhesive 

(Bigelow and Schroeder, 1953; Booth, 1967; Scott and Grossman, 1973); there

fore, eggs and yolk-sac larvae are relatively invulnerable to plant intakes.  

Post yolk-sac larvae and juveniles are reportedly bottom-dwelling and poten

tially most vulnerable to power plants located in channel areas; their demersal 

nature, however, makes them much less vulnerable than are pelagic species.  

3. Longitudinal River Distribution and Abundance 

Ichthyoplankton and fisheries data collected in 1973 and through 

September 1974 were used to calculate density and/or standing-crop estimates 

for the various life stages and to describe their spatiotemporal distribution and 

abundance patterns in 12 geographic regionsin the Hudson River estuary 

[RM 12-153 (km 19-245)]. Abundance was estimated also for the various- life 

stages in the vicinity of each power plant to evaluate potential exposure to 

entrainment and impingement. The basic differences in the abundance and 

distribution of the three species and their potential exposure to power plants 

are discussed in the following paragraphs and are presented in Tables 11-1 and 

11-2.  
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Table II-1 

Summary of Peak Distribution and Abundance Data for Early Life Stages of 
Striped Bass, White Perch, and Atlantic Tomcod, Hudson River Estuary 

[RM 12-152 (km 19-243)]1, 1973 

Juveniles 

Distribution and Yolk-Sac Post Yolk-Sac Ichthyoplankton Beach 
Abundance Summary Eggs Larvae Larvae Gear Seines 

Striped bass Date May 13-26 Jun 10-23; early Jun 24- Jul 7 Tao peaks; Sep 9-22 
(Interval) -smaller peak be- Jul 8-21 and 

tvween 5/27 and 6/9 Aug 5-18 

Location 34-85/54-136 34-85, 154-136 and 14-85/22-136 62-106, 199-170 24-38/38-61 
(RM /km) 62-85, 199-136 for and 14-46/22-74 

Jul, smaller peak 

Total Standing- 270, 068, 964 96, 123, 346 171, 531, 454 15, 880, 69t 8, 243, 258 
Crop Estimate 81, 332, 444 (smaller and 

peak) 15,411,550 

White perch Date May 27-Jun 9 Jun 10-23 Jun 24-Jul 7 Aug 5-18* Sep 
2 3

-Oct 6 
(Interval) 

Location 86-140/137-224 86-106/137-170 14 85/22-136 14-33/22-53 24-38/38-61 
(EM/kin) 

Total Standing- 9, 967, 115 13,435,945 50, 093, 143 2, 899, 915 7, 348, 505 
Crop Estimate 

Atlantic tomcod Date Apr 29- Apr 29-May 26 Aug 12-25 
(Interval) -- May 12** 

Location 
(RM/km) -- 14- 46/22-74 14 46/22-74 24-33/38-53 

Total Standing- 2, 231 ,631 128,835,440 312,494 
Crop Estimate -- and 

142, 610, 974 

*NRepresents only the last longitudinal ,river ichthyoplankton sampling run, not necessarily the peak period.  
**First sampling period; some may have been present earlier.  

Table 11-2

Summary of Peak Distribution and Abundance Data for Early Life 
Striped Bass, White Perch, and Atlantic Tomcod, Hudson River 

[ RM 12-152 (km 19-243) ]through September 1974

U1-9

Stages of 
Estuary

Juveniles 

Distribution and Yolk-Sac Post Yolk-Sac tchthyoplankton Beach 
Abundance Summary Eggs Larvae Larvae Gear Seines 

Striped bass Date May 15-18 May 28-31 Jun 17-23 Jul 22-26 Aug 25-Sep 7 
(Interval) 

Location 39-55/62-88 56-76/89-122 39-76/62-122 24-33/38-53 24-33/38-53 
(RM/kin) 56-61/89-98 

Total Standing- 348, 933, 700 157,649,098 326,445,620 4,053,956 2,415.500 
Crop Estimate 

White perch Date May 30-Jun 5 May 21-24 Jun 12 17 Jul 
2

9-Aug 2 Aug 25-Sep 7 
(Interval) 

Location 24-38/38-61 24-38/38-61 39-106/ 94-106/150- 94-124/150
(RM /kin) 86-106/137-170 62-170 170 . 198 

Total Standing- 188,6o9Z,170 108,3i25,60~7 421, 434, 660 6, 305, 752 810, 009 
Crop Estimate 832, 657 

Atlantic tomncod Date Apr-29-May 4t, Jun 30-Jul 17 
(Interval) 

Location 14-33/22-53 24-33/38-53 
(RM/kin) 

Total Standing- 1,214,386,640 2,408,666 
Crop Estimate 

Re-presents only the first samples taken, juveniles were probably present earlier.
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a. Striped Bass 

Post yolk-sac larvae and early juveniles (15 to 20 mm. in total 

length) are the life stages of striped bass most vulnerable to power-plant

induced mortality in the Hudson River estuary. Eggs and yolk-sac larvae 

were concentrated in the channel-bottom areas from mid-May to mid-June 

and thus were relatively invulnerable to entrainment. Juveniles apparently 

moved to the shoals and shore zone in early July when they were approximately 

25 mm in total length (mean length from beach seines) and were also relatively 

invulnerable to entrainment; in late fall, most of the juveniles appeared to 

migrate downstream and out of the river, but a portion of the population re

mained in the river and was vulnerable to impingement.  

Yolk-sac larval exposure in 1974 at Danskammer and Ros'eton 

was similar to that in 1973 but at Lovett, Indian Point, and Bowline was lower 

in 1974 than in 1973. Post yolk-sac larval exposure in 1974 at Danskamnmer 

and Roseton was similar to that in 1973; at Lovett and Indian Point it was higher 

in 1974, and at Bowline it was lower in 1974.  

Juveniles were concentrated in the Lovett, Indian Point, and 

Bowline plant regions in 1973 and 1974, but abundance was lower in 1974, 

suggesting higher mortalities in the late post yolk-sac larval and early juve

nile stages.  

b. White Perch 

Post yolk-sac larvae and early juveniles (10 to 15 mm in total 

length) were the white perch life stages mo st vulnerable to entrainment. Juve

niles overwintering in the vicinity of power plants were vulnerable to impinge

ment during winter. and early spring. Relatively invulnerable were the de

mersal, adhesive eggs and yolk-sac larvae apparently concentrated in the shoal 

and shore zone (and tributaries). In mid-July when approximately 20 mm. in 

total length (mean length from beach seines), juveniles apparently moved to 
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the shoals and shore zone and were relatively invulnerable to entrainment.  

White perch juveniles apparently remained in the river year-round and were 

vulnerable to impingement through several seasons.  

Direct comparisons of either the distributions or abundances 

of white perch eggs and larvae between 1973 and 1974 tend to be misleading 

since the increased ichthyoplankton sampling effort in the shoals and night

sampling schedules after mid-June in 1974 greatly increased the probability 

of collecting white perch eggs and larvae as well as juveniles. Juvenile abun

dance was greatly reduced in 1974 and concentrated in the upper river regions 

above all power plants discussed in this report.  

c. Atlantic Tomcod 

Post yolk-sac larvae, juveniles, and adults were the life stages 

of Atlantic tomcod most vulnerable to entrainment and impingement at power 

plants in the Hudson River estuary. In both 1973 and 1974, post yolk-sac lar

vae and juveniles were found in the bottom, channel, and shoal areas in the 

lower river [generally below RM 46 (km 74)], so these life stages were vul

nerable only at Bowline, Lovett, and Indian Point. Juvenile year-class 

strength was much greater in 1974. The adults migrate into the river in No

vember and December and presumably spawn from about RM 39-76 (km 62

122); they are relatively small and may be highly vulnerable to impingement 

during the spawning season.  

4. Relationship of Longitudinal River Distribution and Abundance to 
Chemical -Physical Variables 

Relationships between striped bass egg distribution and tem

perature, conductivity, and dissolved oxygen in 1974 were examined to deter

mine how these variables influence spawning time and location in the Hudson 

River. Water-quality measurements were made concurrently with egg sam

pling at the same depths. Eggs were collected in water temperatures varying
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from 10. 80 C to 27. 30 C; peak densities occurred in mid- to late May at tem

peratures of 15 0 C to 16 0 C and in a conductivity range of 160 to 180 prmhos/cm.  

Although eggs were collected from a wide range of dissolved-oxygen concen

trations, most were collected in areas > 9. 0 mg/A. Several high-density tows 

were taken in late May in areas of the river where di ssolved -oxygen levels 

sagged to 1. 0-4. 0 mng/),.  

5. Movements of Marked Fish 

The 1973 and 1974 recaptures of marked striped bass, white 

perch, and Atlantic tomcod were analyzed to discern spatial and temporal 

trends in the movements of individuals. Movement patterns permitted predic

tion of the vulnerability of juvenile and older age groups to impingement at 

power plants.  

a. Juvenile Striped Bass and White Perch 

White perch and striped bass juveniles seemed to undergo a 

gradual displacement downriver in the summer and fall of their first year; by 

late fall, many of the young striped bass had apparently left the river, pre

sumably to overwinter in the area of the New York Bays and Long Island, but 

juvenile white perch appeared to restrict their fall movements within the 

river, many presumably overwintering in the Croton-Haver straw and Indian 

Point regions. During the following spring, many of the same striped bass 

and white perch moved back upriver.  

b. Subadult and Adult White Perch 

The pronounced spring and early summer movements of tagged 

white perch (2 150 mm in total length and presumably mature) may have been 

associated with a spawning migration. Mansueti (1961) attributed an increas

ing spring movement of tagged white perch in the Patuxent River, Maryland, 

to a spawning migration from brackish to fresh water. Hudson River white 
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perch apparently have a similar annual cycle, moving primarily upriver in the 

spring to spawn and downriver in the fall to feed and overwinter.  

The extensive movements displayed by the tag returns suggested 

a single population of white perch within the Hudson River estuary or, if there 

are subpopulations, a considerable exchange of individuals between them. Re

gardless of whether there are subpopulations, however, it is apparent that 

many white perch, because of their extensive movement, became vulnerable to 

impingement at most or all of the power plants during their lifespan.  

c. Adult Atlantic Tomcod 

The seasonal movements of adult Atlantic tomcod suggested peak 

impingement periods. Winter impingement could occur when adult tomcod 

move along the shoal and shore zones to spawn; summer impingement could 

occur when young-of -the- year tomcod reach an impingeable size during their 

late spring movements which are primarily downriver. The limited number of 

tag returns during spring 1974 indicated that many, if not most, of the adult 

tomcod moved downriver after spawriing and were removed from power-plant 

influence. The fate of these migrating adult tomcod has yet to be determined, 

but it is doubtful that very many return during the following winter to spawn a 

second time in the Hudson River (Texas Instruments, unpublished data).  

D. IMPACT ASSESSMENT (SUMMARY OF SECTION VII) 

1. Introduction 

The impact assessment presented in this report is an evaluation 

of the proportion of the fish population cropped by the operating power plants 

located at Bowline, Lovett, Indian Point, and Danskammer. This is equivalent 

to the probability of fish being cropped by the plants and does not include the 

ameliorating effects of compensation which reduce the effect of this impact on 

11-13services group



the populations. The impact was assessed separately for entrainmenit and for 

impingement and the estimates then combined to assess the total direct impact.  

2. Entrainment Impact 

The direct impact of entrainment was assessed for striped bass 

in 1973 and 1974 and for white perch in 1974. The proportions of the popula

tions entrained during each sampling interval (2 weeks *in 1973 and 1 week in 

1974) were estimated by dividing the estimated number entrained by the effec

tive population size; the latter was calculated from the standing -crop estimates 

for the interval, corrected for the proportion of the total year class of ichthyo

plankton which the standing crop represented. The number of ichthyoplankton 

cropped by entrainment was estimated from the ichthyoplankton density in a 

13-mi region encompassing a plant, the volume of water pumped, adjustment 

for withdrawal (the ratio of ichthyoplankton density in intakes to the density in 

the river), reentrainment, and survival of entrained ichthyoplankton. Best 

estimates* as well as alternate values of these parameters were used to evalu

ate the sensitivity of the entrainment estimate to the parameters. The entrain

ment impact for the season was estimated by combining the proportion of fish 

entrained during each sampling period under the assumption that entrainment 

in different sampling intervals represents competing sources of mortality.  

The estimated combined entrainment impact on striped bass for 

all operating units in 1973 was 6. 6%; the estimated combined entrainment im

pact in 1973 of the two units which came on line after the 1972 entrainment 

season (Bowline Unit 1 and Indian Point Unit 2) was 2. 2%. In 1974, the esti

mated combined entrainment impact for all operating plants on striped bass 

was 12. 8%; the estimated 1974 entrainment impact for the plants which came 

on line after the 1972 entrainment season (Bowline Units 1 and 2 and Indian 

Point Unit 2) was 8.. 1%. Some of the increase in entrainment impact on striped 

bass between 1973 and 1974 was attributable to increased circulator flow; part 

*All values presented in this summary represent best estimates.  
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of the increase, however, was the result of variation in the distribution of 

ichthyoplankton in the river.  

The 1974 estimates of entrainment impact on white perch were 

made under the assumption that the eggs were adhesive and nonentrainable and 

also under the assumption that they were entrainable. These estimates of 

entrainment impact were 7. 2%o and 8. 6% respectively for all the operating 

plants; for the plants coming on line since 1972, they were 4. 4% and 5.5%o 

respectively.  

3. Impingement Impact 

The direct impact of impingement was estimated from the num

ber of fish impinged at each power plant and from the fall population estimates.  

TI counted the fish impinged from January 1973 through September 1974 at 

Indian Point and estimated the numbers for the other plants from samples col

lected by Lawler, Matusky, and Skelly (LMS). The 1973 fall population sizes 

were estimated for white perch and striped bass using mark/recapture methods 

and for American shad, blueback herring, and alewife using extrapolation of 

beach-seine catch-per-unit-area data. Impingement impact was estimated on 

the 1973 year classes of striped bass, American shad, blueback herring, and 

alewife from July 1973 through June 1974 and on the entire white perch popu

lation for the same time interval. The impingement impact was estimated 

using equations derived from Ricker's (1958) equations for estimating cropping 

of a population by fishing. Since either total or nonimpingement- related mor

tality rates are needed for this analysis but are presently unknown for these 

species in the Hudson River, impact values were calculated over a range of 

hypothetical nonimpingement mortality rates.  

The impingement impact on the 1973 year class of striped bass 

for all plants operating in 1973 was estimated to be between 4. 3%6 and 6. 7% for 

hypothetical nonimpingement mortality rates ranging from 0. 40 to 0. 80; the 

impingement impact in 1973 for plants that came on line after 1972 (Bowline
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Unit 1 and Indian Point Unit 2) was estimated to be between 1. 8% and Z. 8%.  

Estimates of impingement impact on the entire white perch population (all age 

groups combined) for all plants operating in 1973 ranged from 5. 2% to 8. 2% 

for corresponding hypothetical nonimpingement mortality rates of 0. 40 to 

0. 80; the impingement impact for plants that came on line after 1972 was esti

mated to be 3. 2% to 5. 0%. Impingement impact on the 1973 year classes was 

estimated to be 0. 1-0. 2% for American shad and 1. 0-1. 6% for other Alosa 

spp. (blueback herring and alewife) at all operating plants during 1973. The 

impact of plants that came on line after 1972 was estimated at 0. 1 -0. 2% for 

American shad and 0.2Z-0. 3% for the other Alosa spp.  

4. Combined Impact 

The combined entrainment and impingement impacts were calcu

lated by treating entrainment and impingement as competing sources of mortal

ity. The estimated combined direct impact on the 1973 year class of striped 

bass was 12. 8% for all the plants combined and 5. 0% for the post-1972 power 

plants.  

E. COMPENSATION (SUMMARY OF SECTION VIII) 

1. Introduction 

By various processes (collectively termed compensation), fish 

populations may maintain equilibrial densities despite increased mortality.  

In general, compensatory pro cesses stabilize the numbers, biomass, and/or 

energy content of populations homeo statically by making birth rates, survival 

rates, and/or productivity inverse (negative) functions of density. To the ex

tent that such compensatory processes operate in Hudson River fish popula

tions (stocks), the immediate proportional reduction of the stocks may be 

off set.  
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Section VIII examines evidence concerning the potential of the 

Hudson River' s striped bass, white'perch, and American shad populations 

for offsetting to some extent the mortality imposed by power plants. The two 

lines of evidence presented delineate density dependence in (1) the relationship 

between size of the parental stock and the subsequent recruitment of progeny 

and (2) the relationship between growth and abundance of young-of -the- year 

fish.  

2. Stock Recruitment on Striped Bass 

Stock- recruitment (parent-progeny) relationships were studied 

by graphical analysis of.a 40-yr series of relative abundance estimates 

(CPUE, Section V, subsection B) derived from Hudson River commercial 

fishery statistics. By plotting relative abundance on the abscissa against rel

ative abundance on the ordinate after varying time lags, it was possible to de

tect any density dependence not obscured by uncontrolled environmental fluc

tuations.  

During .the years 1'931-1972, the relationship of striped-bass 

abundance'to abundance 5 years later closely approximated a Ricker (1958) 

stock-recruitment curve (Figure 11-4). The strong negative relationship 

between stock and recruitment during 19 55-1972 is represented by the de

scending limb of the curve; this descending limb provides strong evidence for 

density-dependent regulation in the striped bass population. Such regulation 

implies a capacity to compensate to some extent for mortality induced by 

power plants. Furthermore, this compensation would seem to occur over a 

wide range of densities.  

Based on these observations, it is likely that striped bass 

population density is re gulated by a Ricker-like function (Ricker, 1958) in 

which recruitment is measured 5 years after stock. The most probable basis 

for the 5-yr lag between stock and recruitment is that the majority of the
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Figure 11-4. Relationship between Abundance of Spawning Stock and Recruit
ment 5 Years Later. (Based on commercial fishery catch and 

effort data) 

Hudson River's female striped bass mature at age 5 and these 5.-yr-old females 

contribute over 40%6 of the population's total natality (egg production). Sommani 

(1972) found similar evidence of density dependence among striped bass in 

California, where stock density was significantly related to recruitment over a 

6-yr period.  

3. Density-Dependent Growth in Striped Bass 

Of the myriad potential mechanisms by which such a compensa

tory process might operate, only one - density-dependent individual growth of 

juvenile striped bass - has been substantiated. When effects of temperature 

fluctuations were removed by partial correlation, the inverse relationship 
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between growth and abundance wa .s strengthened. This relationship implies 

that striped bass grow to larger sizes in years of scarcity than in years of 

higher abundance. Having attained larger size, the fish presumably survive 

at higher rates and thus contribute more substantially (on an individual basis) 

to the subsequent population than would smaller fish.  

4. Other Species 

In contrast to the results obtained for striped bass, no density 

dependence was discerned in the stock- recruitment data on white perch or 

American shad. Additionally, data on young-of -the -year white perch showed 

no indication of den sity- dependent individual growth.  

F. IMPLICATIONS OF IMPACT ON STRIPED BASS 

1. Introduction 

This subsection of the summary evaluates the implications of 

short-term impact on the commercially and recreationally important Hudson 

River striped bass population based primarily on the results presented in 

Sections V through VIII. To do this, best working estimates of short-term 

impact due to entrainment and impingement on the 1973 year class and due to 

entrainment only on the 1974 year class have been developed. To determine 

whether the populatio n can withstand these levels of short-term impact, the 

estimates of impact are then considered in light of the natural compensatory 

capacity of the population based on the stock-recruitment curve developed in 

Section VIII and the estimated exploitation rate due to fishing. Additionally, 

a simulation is presented illustrating the compensatory changes in natural 

mortality necessary to offset losses due to entrainment.
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2. Best Working Estimate of Short-Term Impact

a. Entrainment Impact 

Although there are many problems in working with the available 

data and in attempting to estimate important factors, still, by proceeding cau

tiously and logically, it is possible to develop a best working estimate of short

term entrainment impact. The major factor of importance - riverwide distri

bution and abundance - can be estimated with considerable precision based on 

the 1973 and 1974 TI sampling. Other important factors such as local with

drawal, recirculation, and entrainment survival have not been estimated with 

equal precision since the direct data necessary for these estimates are still 

preliminary and limited. These estimates are made from existing data, infer

ences from indirect data, and consideration of the literature on distribution and 

water movement.  

The local withdrawal factor "W" (the ratio of intake density to 

river density) has been difficult to estimate. The problems encountered are 

discussed in detail in the Final Environmental Statement (FES), pages V-89

V-l0l, and are generated primarily by sampling differences in the river, intake, 

and discharge waters which yield differing efficiencies of collection between the 

three locations. Assumptions made in calculating this factor from sampling 

data can be important also in determining the final value. However, even with 

these problems, some basic observations can be made that tend to limit the 

range of values which this variable may attain.  

The best judgment of all involved parties indicates that the with

drawal factor should be < 1. 0 for all entrainable stages of striped bass (FES, 

page V-99). Information that supports a withdrawal factor of < 1. 0 is taken 

from the distribution data on entrainable striped bass from a number of studies 

as well as from general information on the relationship of water flow to depth 

(Hynes, 1970). This information indicates that velocity of flow at any point in 
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a channel is nearly inversely proportional to the logarithm. of the depth, with 

the steepness of the gradient in velocity depending on the roughness of the bed.  

The HRFI study (Carlson and McCann, 1969) found that striped bass eggs were 

more abundant near the bottom of the Hudson River than at the surface; this is 

consistent with the results of earlier studies (Woodhull, 1947; Rathjen and 

Miller, 1957; McCoy, 1959) that also found increased abundance of eggs with 

increasing depth and with the results of TI's. studies (TI, 1973d) and others.  

These data tend to indicate that striped bass eggs, being concen

trated in the deeper slower-moving waters, should be represented by consider

ably lower densities in the intakes than in the river since intake water is likely 

to contain a higher proportion of surface water than bottom water. Carlson and 

McCann (1969) also noted that early larvae (in May) were more concentrated 

near the bottom, and the TI data (TI, Volume H, 1973d) indicated that yolk- sac 

larvae were concentrated near the bottom; hence, a similar conclusion can be 

drawn with regard to the vulnerability of yolk-sac larvae. Post yolk-sac lar

vae and juveniles captured in plankton gear exhibited a tendency for a nocturnal 

migration into the upper water column (TI, November 1974e; Carlson and 

McCann, 1969), which would tend to make them more vulnerable at night than 

either eggs or yolk-sac larvae; during. daylight hours, however, they were 

concentrated near the bottom where they would again be less vulnerable to 

entrainment. There is additional information indicating some shoalward and 

shoreward concentration of juveniles (Section VI, Table VI-2; TI, 1973d; TI, 

1974d), which would tend to make those portions of the population residing in 

the shoal and shore zones less vulnerable to entrainment because of the in

creased resistance to movement exhibited- by these boundary layers of water 

[see Hynes (1970) for description and diagrams and TI (1974b, Section V) for 

evidence of the process in the Hudson] and because of the increased swimming 

ability of these larger organisms (Table VI-3) . As these organisms grow, 

they tend to become less and less planktonic and more and more nektonic and 

demersal and will necessarily be less affected by water movements.  
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In attempting to ascertain the withdrawal factor, -the ORNL 

staff found the existing data too limited and variable to specify a single best 

estimate of this factor (FES, page V-101). However, the limitations of the 

data are not the primary cause of uncertainty in defining a single best esti

mate, since it is quite likely that this value is highly site-specific and may 

well change during an animal's tenure within a particular life stage. For 

example, the Bowline intakes are obviously much less accessible to striped 

bass eggs and larvae than are the intakes of those plants which border more 

closely on the river channel; hence, the withdrawal factor for Bowline should 

be much lower. Other structural and siting considerations may also be im

portant in determining plant-specific withdrawal factors. Changes in behavior, 

along with growth in size within a life stage, may also have a profound effect 

on the withdrawal factor for that life stage, as just outlined.  

Given that there is likely to be a great deal of natural variation 

in the withdrawal factor, that most parties agree that this factor should be 

< 1. 0 for entrainable si~riped bass, and that analysis of Quirk, Lawler, and 

Matusky (QLM) sampling data by the OIRNL (FES, 1975, page V-94) has sug

gested that this factor may be < 0. 5 in some instances and greater in other 

instances, a withdrawal factor of 0. 5 is supportable as a working estimate of 

the average withdrawal over the-entrainment season. TI recognizes that use 

of this one withdrawal factor is a simplification of the complex processes just 

discussed and yet feels that this average withdrawal factor approximates the 

real situation in the river.  

The best estimate of striped bass entrainment survival currently 

available is based on 1973 studies performed by NYU at Indian Point; these 

data yield average estimates of across-plant survival of 22% for eggs, 43%6 for 

larvae, and 31% for juveniles. These estimates were arbitrarily reduced an 

additional 10% by the ORNL staff to 20%, 39%o, and 28%, respectively, to 

account for the long-term effects of entrainment (FES, page V-89). TI does 
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not feel that these values are sufficiently precise to warrant such treatment; 

hence, all estimated values of survival were made to the nearest 10 %.  

It is likely that entrainment survival values are plant-specific 

and that they may vary between years, depending on edaphic conditions and 

plant operations. Therefore, application of these 1973 data from Indian Point 

to other years and other power plants involves some risk of error. Neverthe

less, since this is currently the most extensive and intensive data on entrain

ment survival available, these estimates have been applied across the board 

as the best available working estimates of entrainment survival.  

The /reentrainment or recirculation of entrained organisms due 

to the tidal action of the Hudson River has never been empirically estimated, 

but common sense indicates that some reentrainment must occur. The Alden 

Research laboratory has produced temperature profile data based on the opera

tion of a physical model of the lower Hudson which indicates some recirculation 

of previously entrained water (Larson, 1969) at Indian Point. The ORNL staff 

has stated that recirculation is likely to be on the order of 10% (FES, page 

V-34); yet, they did not i nclude this factor in their model. TI is in general 

agreement with the ORNL estimate of recirculation of water and, has used 10% 

as a working estimate of the proportion of organisms in the entrained water 

which have, been entrained previously.  

The use of these working estimates (withdrawal factor 0. 5; 

recirculation =0. 1; and entrainment survival of eggs = 0. 2, of larvae =0. 4, 

and of juveniles = 0. 3) for the subaspects of the TI impact assessment pro

duced short-term reduction estimates for two cases in each of two years 

(Table 11-3). The reader should consult Sections VI and VII for more details 

on methodology.
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Table 11-3 

Best Working Estimates of Entrainment Impact 

Year Post-l972 Plants Multiplant 

1973 2.270 6.6%6 

1974 8.170 12.8%6 

We have provided within the body of the report and the appendixes the means 

whereby these estimates may be approximately revised should any of our cur

rent working estimates of the factors affecting the entrainment estimates prove 

to be untenable because of the results of future analyses or because of errors 

in our logic or the data upon which we have exercised it.  

b. Impingement Impact 

All indications are that the population reduction of the 1973 year 

class of striped bass due to impingement was, small, although a number of 

problems exist in analyzing impingement data to provide an estimate of im

pingement impact. The data necessary to analyze impact on the 1974 year 

class (i. e. , winter and spring 1975 impingement data and mark/recapture 

population estimates based on fall 1974 marks and spring 1975 recoveries) are 

not yet available.  

The areas of uncertainty pertinent to estimating impingement 

impact are: 

" Survival of impinged fish 

* Efficiency of the collection process 

" Frequency of sampling 

" Over winter survival of juvenile striped bass 
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The survival of impinged fish, if returned to the river after 

each screen washing, has been assumed to be zero in our analyses; however, 

there is evidence that some survival occurs. LMS has marked impinged 

Atlantic tomcod and released them into the river where a number of these 

previously impinged fish have been subsequently recaptured in excellent con

dition in TI's sampling gear (TI, unpublished data). A study by Virginia 

Electric Power Company (White, 1975), which was recently reported at the 

annual meeting of the Atlantic Estuarine Research Society, indicated that im

pinged fish had very'high survival rates when screens were washed frequently.  

These VEPCO results refer specifically to a plant having specially designed 

screens and washing apparatus to reduce impingement mortality, but they do 

point out that impingement is not equivalent to mortality.  

Efficiency of the impingement collection process is important 

since it is possible that fish may be impinged and then washed back into the 

river by tidal action, by air bubbler, or by the screen-washing process itself.  

There is also the likelihood at those plants where impingement collections are 

not made daily that a portion of a collection comprises previously impinged 

fish. Hence, impingement collection efficiency may be either more or less 

than 100%. Studies by LMS (QLM, 1974) have indicated that reimpingement 

does occur, and studies by TI (unpublished) have indicated that some previously 

impinged fish are lost during the washing process; however, adequate quanti

fication of these two processes has not yet been accomplished.  

The frequency of sampling of impinged fish at Indian Point is 

daily, but sampling is much less frequent at all other power plants. Since 

impingement is a highly variable process with large impingements occurring 

infrequently, the effect of infrequent systematic sampling is to yield imprecise 

estimnates of impingement. For example, if intake screens are sampled only 

once a month on the one day in the month when impingement is 10 times the 
"1normal" level, the effect on the estimate would be to overestimate impinge

ment by about tenfold. The converse is also true, for example, on the one day
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per month when impingement is 10 times less than the normal level. How

ever, since the frequency of impingement is essentially random and several0 

samples are included in each estimate, our estimates should tend to converge 

on the true value - but with relatively large confidence intervals.  

The influence of population survival rate on impingement im

pact can be important: the lower the natural mortality rate, the lower will be 

the impact of any given level of impingement. No estimates of overwinter 

survival for striped bass juveniles are yet available. To obviate this problem, 

we have presented the functional relationship between mortality rate and im

pact for the level of impingement on the 1973 year class. A reasonable esti

mate of the annual background mortality rate of striped bass juveniles would 

be about 80%o, at which point multiplant impingement impact on the 1973 year 

class would have been 6. 7%. A higher value of mortality would be 90%, which 

would make the 1973 impingement impact 8. 3%.  

Survival of impinged fish, collection efficiency other than 100%, 

and infrequent sampling may influence impingement impact estimates by 

changing the estimated numbers of fish cropped by impingement. Should values 

become available for these variables, functional relationships have been pre

sented in the text which will allow the current estimates to be approximately 

adjusted. However, since survival interacts with reimpingement, exact 

adjustment is not possible.  

An additional factor causing a directional bias in our impinge

ment impact estimates is the estimated initial population, which is based on 

a Petersen population estimate for the fall period (September and October); 

impingement actually begins for a year class in July when young striped bass 

reach impingeable size and when the population may be some 10 times higher 

than in the fall. *This factor may tend to inflate our estimates of impact, but 

it is offset somewhat by using justifiably lower mortality rates for these older 

fish. Also, by using expectations of death rather than actual rates, we have
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assumed that death from all sources occurs proportionately throughout the 

year; this is not likely to be true, but it is -not clear how this affects the im

pact estimates.  

Given the current state of knowledge and the fact that most of 

these factors, onc e estimated, may either increase or decrease impingement 

impact, the TI staff feels that the estimates of impingement impact presented 

in this report are the best working estimates of impact currently available.  

3. Reduction of Short-Term Impact via Compensation 

a. Evidence for Compensation 

Within the historical data base, there exists considerable evi

dence for a compensatory capacity within the striped bass population. Analysis 

of the historical data on juvenile abundance and power-plant operations pro

vided no evidence of an effect of power-plant pumping capacity on the abundance 

of juvenile striped bass - nor was there any indication of an overriding control 

by the physical factors of the environment. Analysis of the commercial fishery 

data base indicated the presence of a relationship between the abundance of 

parents and progeny (stock and recruitment) of the Ricker type. This is a 

strong indication of density-dependent population regulation in the Hudson River 

striped bass stock. Striped bass juvenile abundance was negatively correlated 

to the July-August growth rate over 8 years of data. This indicates that juve

nile striped bass growth rate is dependent on density. Such a relationship is 

most likely the result of intraspecific competition; since larger fish generally 

survive better than smaller fish, we may expect that survival of juvenile (and 

perh aps older) striped bass is higher at lower densities, i. e. , density

dependent.
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The evidence seems to point toward a strong compensatory 

capacity in the Hudson River striped bass population, with potential mecha

nisms including both competition and cannibalism. Regardless of the mecha

nism(s), compensation should regulate striped bass abundance by increasing 

mortality when the population is above the carrying capacity of the environ

ment and by decreasing mortality when the population is below the carrying 

capacity. Hence, for many levels of short-term reduction, the striped bass 

population may well be able to compensate with increased survival in subse

quent stages.  

b. Maximum Sustainable Yield 

The problem of allowable harvest from a fish stock has tra

ditionally been one of the major problems of fishery biology. A number of 

models have been developed (Beverton and Holt, 1957; Ricker, 1954, 1958; 

Graham 1935; Schaefer, 1954). The critical factor in choosing a model is the 

relationship between stock (parents) and recruitment (progeny). In fact, 

Gushing (1973) terms the stock and recruitment relationship as "the central 

problem of population dynamics;" certainly in this population, a Ricker stock! 

recruitment curve is most appropriate (Section VIII).  

To determine how much additional exploitation may be with

stood by the striped bass population, it may be very helpful to analyze the 

shape of the proposed stock/recruitment curve in the manner of Ricker (1958) 

to calculate the exploitation rate at maximum sustainable yield. In Figure 

11-5 which analyzes this curve, one can see that maximum sustainable yield 

occurs at an exploitation rate >70%. At this rate of exploitation, the catch 

would tend to become stabilized at a consistently high level - higher than the 

original average population; however, since several age groups contribute to 

the catch and the spawn, oscillations wouLd be induced (Ricker, 1954).  
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The current level of exploitation in the sport and commercial 

fishery is not likely to be anywhere near the level at maximum sustainable 

yield. The average rate of return from all sources on legal-sized (400 mm 

in total length at time of tagging) striped bass tagged in the Hudson River in 

1972, 1973, and 1974 was approximately 9. 1%6 (Campbell et al, in preparation).  

Even with the potential for unreturned tags (more likely with commercial than 

sport fishermen), tag-shedding, and increased mortality of tagged over un

tagged bass, it is unlikely that the exploitation rate on this stock is more than 

twice the return rate (i. e. , 18. 2%). Hence, it is obvious that fishing pressure 

on this stock is not severe and that the stock can absorb additional exploitation, 

whether as fishing or as entrainment/impingement.  

c. Necessary Levels of Compensation 

Given that compensation does occur in the striped bass popu

lation, it is important to determine the degree of compensatory change in 

mortality rate necessary to completely mitigate the short-term impact re

sulting from entrainment. All of this analysis will be based on the 1974 

multiplant entrainment impact estimate of approximately 13%. An initial 

population of 2 billion eggs has been assumed, along with an annual instanta

neous background mortality rate of 18. 42 over the first 3 months when en

trainment occurs. A 13% entrainment impact is simulated by adding an 

annual instantaneous entrainment mortality rate of 0. 56. Subsequent mortal

ity rates of nonentrainable juveniles have been set at 60%, 80%6, 90%, and 

95%6/annum over the following 9 months for comparison. The results of this 

simulation appear in, Table 11-4.  

During the entrainment season, the entire impact due to en

trainment could be compensated by an immediate decrease in the annual 

instantaneous natural mortality rate from 18. 42 to 17. 86, which is equivalent 

to a change in the total 3-month mortality from 99. 13% to 99. 0% - a very 

slight change. However, it is unlikely that a compensatory change in
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Table U-4 

Hypothetical Mitigation of Entrainment Impact by Increased Survival 
during 9 Months Following Entrainment Season

Entrainment Season (3 months) Postentrainment Season (9 months)

___________ Annual Instaneous Rates _____

Final 
No.

Annual 
Mortality 

Rate
Total 

Mortality

Power
Plant 

Mortality
Backg round 
Mortality

Total 
Population 
Reduction 

M% I
Initial 

No.

Annual 
Mortality 

Rate

Instan
taneous 
Annual 

Mortality 
Rate

Final 
No.

Decrease in 

Mor tali ty Rate 
To Offset 

Entrainment 
Impact 

M%

Annual Mortality 
Rate Necessary 
To Compensate 

for Impact

0. 60 0.916 1.01 . 10
7  

-

0.80 1.609 5.98 x10
6  

-

Power plants 
not operating 2 x 109 2 x 1 0

7 
0. 99999999 18.42 0 18.42 99. 00 2 107o 0.90 2.303 3.56 x 106-

0.95 2.996 2.11 x 106 -

0. 60 0.916 8.75xl10
6  

14. 17 0.52 

Power plants 0.80 1.609 5.20 x 106 5.09 0.76 
operating with 
137% population 2 x 10

9  
1. 74 x 0.9999999943 18.98 0.56 18.42 99.13 1. 74 x 0.90 2.303 3.09 x 106 2.28 0.88 

reuto 0 0 0.95 2.996 1.84 x10
6

1.05 0.94

Initial 
No.



mortality would occur during the- egg stage; hence, a somewhat greater change 

in natural mortality in the larval and early juvenile stages would be necessary 

to compensate for impact on the egg stage. In fact, because of the lag in

volved in such feedback systems, it is unlikely that complete compensation 

could occur simultaneous to entrainment impact.  

If compensation does not occur during the entrainment period 

but does occur during. the later juvenile stages, the change in natural mortality 

rate necessary to compensate for prior reduction due to entrainment is a func

tion of the mortality rate. At annual mortality rates of 95%, 90%, 80%, and 

60%/annum, mortality reductions of 1%, 2%, 5%, and 14%, respectively, will 

completely compensate within 9 months for the prior impact of entrainment.  

Additionally, compensatory changes in mortality could occur during subsequent 

year s.  

d. Conclusion 

A best working estimate of entrainment impact was developed 

for th~e multiplant effect in 1974 (1-2. 8%) which is considered to be within the 

natural compensatory capability of the striped bass population. The best' 

working estimate of 1973 entrainment (6. 6%), in combination with the approxi

mate impingement impact of 6. 7% yielding a combined impact of 12. 8% on the 

1973 year class of striped bass, also was considered to be small. It is un

likely that these levels of impact will have any discernible effect on the abun

dance of adult striped bass.  

U-32 services group



-1 0 

SECTION III 

FIELD AND LABORATORY PROCEDURES 

A. INTRODUCTION 

Standardized field and laboratory procedures followed during the 

1973 and 1974 sampling programs are presented along with differences in pro

cedures <between years. The nature of the data collected during each sampling 

program and the application of the data in the Multiplant Impact Study appear in 

Table 111-1; a more detailed discussion is given in the remainder of this section.  

Table III-1 

Application of Data from 1973 and 1974 Field Sampling Programs to 
________________ Multiplant Impact Study 

Sampling Program Data Collected Data Uses 

Ichthyoplankton River Survey Densities of eggs, larvae, and Population estimation for 
early juveni le fish entrainment impact 

Spatioteruporal distribution 

and abundance for vulner

ability assessment 
Species composition for 

historical data base 

Fall Shoals Survey Numbers and densities of juve- Spatiotcrnporal distribution 
nile snd adult fish in shoals and abundancc for vulner

ability assessment 
Species composition for 

historical data base 

Beach Seine Survey Numbers and densities of juve- Spatiotemnpoi al distribution 
nile and adult fish in shore zone and abundance for vulner

ability assessment 

Year-class comparisons and 
species composition for 
historical data base 

Interregional Trawl Survey Numbers and relative abundance Spatiotcnmporal distribution 
of juvenile and adult fish in and abundance for vulner
shoals and channel ability assessment 

Species composition for 

historical data base 

Standard Station Programs Numbers, size, and relative Year- class comparisons and 
abundance of juvenile and adult species composition for 
fish in shoals and channel historical data base 

Supplemental Fisheries Program Numbers of juvenile and adult fish Supplement to Mark/Recapture 

program 

Species composition for 
historical data base 

Mark/Recapture Program Mark release and recovery data Population estimate for im
on striped bass, white perch, and pingement impact 
Atlantic tomcod collected by all Movement of marked individuals 
of above programs for vulnerability assessment 

Water Quality Program Temperature, dissolved oxygen, Yearly comparisons of physical 
conductivity, pH, and turbidity and chemical variables for 

historical data base 

Fish distribution in relation to 
chemical and physical variables
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B. ICHTHYOPLANKTON 

The methods of ichthyoplankton collection varied from 1973 to 

1974 and therefore are presented in separate sections. Based on a preliminary 

analysis of the 1973 data, collection methods were refined and the sampling de

sign changed to better describe ichthyoplankton distribuition in the Hudson River 

estuary in 1974. The changes from the 1973 to the 1974 sampling programs 

are presented in Table 111-2. A detailed description of the 1973 and 1974 pro

grams follows.  

Table 11- 2.  

Comparison of 1973 and 1,974 Ichthyoplankton Sampling Programs 

Sampling Season 

Area of Change 1973 1974 

Sample design Sampling occurred every Sampling occurred on a 

8 km until Morone eggs or stratified random basis.  

larvae were collected. Sites were selected with

Sampling then was concen'- in a region and stratum 

trated in immediate area from a random number 

to define limits of Morone table. Numbers of sam

abundance. ples per region and 
stratum were proportional 
to river volume within each 
region and stratum.  

Sampling time period Around the clock Each individual river survey 
was conducted during daylight 
or nighttime hours 

Sampling gear 1-rn2 epibenthic: sled 1-rn2 epibenthic sled 

1-rn2 Tucker trawl 1-rn2 Tucker trawl 

2-rn 2 Tucker trawl 

Plankton nets Each gear was equipped with Each gear was equipped with 

three nets. Samples were a single 505-ui mesh net.  

collected consecutively. Mesh Mesh size was not changed 

sizes increased throughout the during the season.  

sampling season from 500
through 5 0 5 -4, 1000-, 1800-, 
and 3 0 0 0 -ut consecutively.
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1. Ichthyoplankton River Survey,. 1973 

The ichthyoplankton river survey was designed to describe the 

longitudinal, vertical, and temporal distribution of fish eggs and larvae (pri

marily striped bass) in the Hudson River estuary. From late April to mid

August, 18 river surveys were made between river miles (RM) 17 and 140 

Ekilometers (kin) 27 and 224]. Each survey was conducted on an around-the

clock basis until completion. Samples were collected at intervals of 5 river 

miles (approximately 8 kin), proceeding downstream until the entire sampling 

area had been covered. Successive surveys began at different points to obtain a 

greater distribution of sampling location s throughout the sampling season. When 

Morone eggs or larvae were found in samples, additional samples were taken in 

the area at 2-mi intervals until Morone eggs and larvae were no longer found, at 

which point the procedure returned to every fifth river mile.  

Epibenthic sleds and Tucker trawls (see Appendix B, subsection 

A for descriptions) were used to collect fish eggs and larvae. The epibenthic 

sled sampled along the river bottom at depths ranging from 5 to 180 feet (2 to 

55 meters) where relatively large numbers of striped bass had been collected in 

previous studies (Carlson and McCann, 1969). Early in the sampling program, 

the epibenthic sled was rigged to sample consecutively with three 500-vL or 55 

mesh plankton nets with a 1. 0- m 2 net opening. As the season progressed and 

the fish larvae increased in size, to reduce gear avoidance the sled was riggad 

with larger mesh nets (1000, 1800, and 3000 pi) in combination with at least one 

500--p or 505-p net for monitoring exte nded or late spawning. This arrange

ment was continued throughout the remainder of the 1973 sampling program.  

The Tucker trawl was rigged with three plankton nets to sample 

consecutively near -bottom, midwater, and near-surface depths. The 1. 0-in2 

Tucker trawl employed only 5OS-p. mesh throughout the sampling period. Later 

in the sampling season, a 2. 0-in 2 Tucker trawl rigged with lSOO-p. and 3 0 00-p.  

mesh plankton nets was used to sample post yolk-sac larvae and juvenile fish 

in the estuary below Kingston, New York [RM 93 (km 149)].
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Ichthyoplankton gear- were towed by the R/V SAMETTA TOO, a 

40-ft (12-rn) converted Maine lobster boat, and R/V CHRIS N' KATE, a 40-ft 

(12-rn) modified Western rigged dragger. All tows were made north to south, 

regardless of tidal stage, at speeds ranging from 0. 5 to 1. 0 rn/sec for the 

epibenthic sled and 0. 9 to 1. 2 rn/sec for the Tucker trawl. A cable length/ 

depth ratio of 1. 5/1 was maintained for both gear. The cable was measured 

with a rneter wheel and the depth rnonitored by rneasuring the angle of descent 

with a wire-angle indicator (United States Naval Oceanographic Office, 1970).  

Tows were generally 5 min in duration. Samnpling duration was 

measured with a spring-wound interval timer. If Morone eggs or larvae were 

encountered., additional 2-rnin tows were mnade in the area to rnore precisely 

define distribution of the eggs or larvae.  

To monitor the volume of water sampled, torpedo-shaped digital 

flowmeters (General Oceanics Model 2030) were mounted in the nets. An elec

tronic flowmeter (General Oceanics Model 20 31) was attached above the gear 

to monitor its relative speed. Tow speeds were recorded in cm/ s ec on an 

electronic meter (General Oceanics Model 2035). The double-trip mechanisms 

and flowmeters are described in Appendix B, subsection D.  

2. Ichthyoplankton River Survey, 1974 

From mid-April to mid-August, 23 river surveys were conducted 

between RM 14 and 143 (km 22 and 229). For a particular river survey, sam

pling was conducted entirely during either the day or night (day was defined as 

1/2 hr after sunrise to 1/2 hr before sunset). Table 111-3 lists data for each 

river survey, in cluding dates of collection, location (river mile) sampled, and 

whether sampling occurred during the day or night for the particular river survey.
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Table 111-3 

Individual River Surveys Analyzed during 1974 Including Collection Dates, 
River Miles Sampled, and Day-vs-Night Collection

River Survey Dates Sampling Range fTime 
No. I Collected I (RM/km)* I Collected~

Apr 16-17 

Apr 23-25 

Apr 29-May 4 

May 6-11 

May 13-18 

May 15-18 

May 21-24 

May 23-28 

May 28-31 

May 30-Jun 5 

Jun 4-7 

Jun 6-9 

Jun 10-14 

Jun 12-17 

Jun 17-23 

Jun 24-27 

Jul 1-5 

Jul 8-11 

Jul 15-18 

Jul 22-25 

Jul 29-Aug 2 

Aug 5-9 

Aug 12-15

112-62 (179-99) 

134-44 (2 14-70) 

134-18 (214-29) 

134-20 (214-32) 

128-14 (205-22) 

142-42 (227 -69) 

140-14 (224-22) 

130-19 (208-30) 

143-14 (229-22) 

132-14 (211-22) 

140-14 (224-22) 

134-63 (214-101) 

133-14 (213-22) 

134-15 (214-24) 

139-15 (222-24) 

94-14 (150-22) 

93-15 (149-24) 

93-16 (149-26).  

93-15 (149-24) 

93-14 (149-22) 

131-14 (210-22) 

130- 14 (208-22) 

138-14 (221-22)

Day 

Day 

Night 

Night 

Night 

Day 

Day 

Night 

Day 

Night 

Day 

Night 

Day 

Night 

Night 

Night 

Night 

Night 

Night 

Night 

Night 

Night 

Night

Numbers in parentheses indicate kilometers.  

Day was defined as the time between 1/2 hr after sunrise 
and 1/2 hr before sunset.  

Test session, data not included in report.  
t Boat malfunction; data not included in report.  

Sampling in lower two-thirds of estuary where Morone 
concentrations were expected to be greatest.
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The first river survey (April 16-17) was a test session to insure 

that all equipment was operating effectively. This survey was not included in 

the analysis. The twelfth river survey (June 6-9) was also not included since 

only 39 of the scheduled 100 samples had been collected when equipment failure 

occurred.  

The methods and materials used in the first two 1974 river sur

veys (April) were identical to those employed during 1973. Beginning with the 

third river survey (April 29-May 4), a more efficient sampling design was in

corporated and used throughout the remainder of the season. This design 

allowed better apportioning of. sampling effort with respect to the distribution 

of ichthyoplankton, based on 1973 data, and provided more data on lateral 

and vertical distribution. The new design was a stratified random sampling 

design with 12 river regions and two or three depth strata, depending on the 

amount of shoal areas available for sampling. This stratification scheme pro

vided a total of 27 sampling strata. Sample allocation was determined by the 

relative volume of a particular stratum within a region and the distribution of 

organisms. The allocation of sampling effort increased proportionately to the 

increase in the variability of capturing a particular life stage of striped bass, 

as predicted from the 1973 data analysis. The sampling locations within river 

regions and depth strata were selected on a random basis and the locations re

corded on navigation charts- which form a permanent record of each collection 

site. Appendix B (subsection C) details procedures for selecting these sam

pling locations. Specified sampling sites Were located in the field throu gh 

visual observations of landmarks and standard navigational aids such as buoys 

which existed'in the Hudson River estuary during the spring and summer of 1974.  

Epibenthic sleds and Tucker trawls were again. used in 1974 to 

collect fish eggs and larvae. Both gear were rigged to sample with a single 

5 O5 -p. mesh plankton net with a 1. 0-rn2 net opening. The gear were lowered to 

the prescribed sampling depth in a closed position to avoid contaminating sam

ples with organisms from other depths. Once the sampling depth was reached
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and the tow speed stabilized, the net was opened for the 5-mmn tow. When the 

tow had been completed, the net was closed and retrieved. This. single-net 

system was a'dopted beginning with the third river survey in 1974. The 3-net 
system used in 1973 had necessitated consecutive sampling with each of three 

nets once the gear was deployed. During analysis, the data from the three 

nets had to be combined, since the three catches could not be considered sta

tistically independent samples. This 3-net syste m concentrated samples in a 

specific area of the sampling region and did not provide as many separate 

sampling points within that-region as the single-net system. The 1974 pro

cedure required no more time or effort and distributed the samples randomly 

over a greater area. This procedure provided a better estimate of the average 

concentrations and variability of ichthyoplankton existing in a particular sam

pling region. With the 3-net system there was a potential bias in the esti

mates of densities at specified depths caused by sample contamination as the 

gear was raised or lowered to the depth desired. This bias was minimized by 

the 1974 single-net design.  

*A 5O5- ± mesh net was used throughout the 1974 sampling season 

to avoid confounding caused by changing mesh sizes, as might have occurred 

in 1973. A change in mesh size affects the size selectivity of the collection 

gear through such factors as filtration efficiency (ability of the net to strain 

the maximum volume of water), extrusion of organisms through the net, and 

gear avoidance (UNESCO, 1968).  

The same vessels used in 1973 towed ichthyoplankton gear in 

1974. Tow directions, while varying with weather conditions, sampling-site 

locations, and gear deployment, generally were north to south, regardless of 

tidal stage. Tow direction and tidal direction were recorded for every sample.  

Relative tow speeds ranged from 0. 4 to 1. 0 in/sec for the epibenthic sled and 

0. 9 to 1. 2 in/sec for the Tucker trawl.
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in general, a cable length/depth ratio of 1. 5/1 was maintained 

for the Tucker trawl and a ratio of 1.8/1 for the epibenthic sled; however, 

it varied with tidal velocity, tow speed and direction, and sampling depth. the 

cable length/depth ratios were monitored using the same methods as in 1973.  

Digital flowmeters (General Oceanics) monitored the volume of 

water sampled during each tow. Electronic flowmeters and readout units 

(General Oceanics) measured tow speeds. All flowmeters were tested on a 

regular basis and were replaced or repaired whenever their performance was 

questionable. When a flowmeter was suspected to be faulty, the sample was dis

carded and a replacement sample collected. Appendix B (subsection D) des

cribes a test to determine factors influencing the performance of new flow

meters under actual sampling conditions.  

3. Fall Shoals Survey 

The following methods and materials apply only to the 1973 fall 

shoals survey sampling program. The 1974 fall shoals survey began in mid

August but is not included in this report since sampling continued until late 

December; hence not all data were available for this report.  

The 1973 shoal survey was conducted during August and from 

October through December 1973 to provide additional data on the species com

position, abundance, distribution, and movements of juvenile fish in relatively 

shallow areas of the river. The primary purpose was to determine the im

portance of shoals as nursery grounds for young-of -the -year fish early in the 

fall and to provide a recapture effort on marked white perch and striped bass 

in the late fall.  

The predominant gear used throughout the shoal survey was an 

epibenthic sled rigged with a single 3000-[Li mesh plankton net with a 1. 0-in 2 

net opening. The net's trailing end was modified by the addition of an enlarged 

fyke cod-end cover to reduce water velocity in the cod end of the net and thus 
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increase survival of specimens. Tows were downstream, regardless of 

tidal stage, at a relative speed of approximately 1. 0 rn/sec for 5 min. Addi

tionally, December sampling of shoal areas employed a bottom trawl, pri

marily to gather additional white perch and striped bass recapture data. De

tailed descriptions of the epibenthic sled and bottom trawl appear in subsection 

A of Appendix B.  

During the shoal survey, sampling was conducted weekly between 

RM 12 and 70 (km 19 and 112) because of the extensive shoals (Croton, Haver

straw, Peekskill, and Newburgh Bays) and the relatively high catches of juve

niles of anadromous fish species which may be taken in the shore-zone areas 

within this part of the estuary. Sampling was limited to night periods since 

preliminary samples indicated much higher catches at night than during the day.  

Samples were collected mainly in shoal habitats, which are defined as shallow, 

flat, or gradually sloping areas -- 5 to 20 ft (1. 5 to 6. 0 m) deep and generally 

in areas of reduced current. Some sampling was conducted in deeper channel 

waters to determine the depth as well as the offshore limits of distribution.  

Sampling effort was generally proportional to the distribution of juvenile striped 

bass and white perch within various river regions, as indicated by collection 

data from the previous week. When large numbers of young striped bass or 

white perch occurred in collections, additional tows were made in the immedi

ate area to determine the extent of the concentration.  

Juvenile and adult fish collected in good condition were identi

fied, counted, and released; also, the total lengths of juveniles were recorded.  

Fish in poor condition were preserved in 10% formalin and returned to the 

laboratory for identification and measurement. All striped bass and white perch 

were examined for fin clips or marks. During late fall when survival studies 

indicated tagging was feasible, adult white perch were tagged and released.
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4. Laboratory Analysis 

The laboratory analysis of specimens collected in both 1973 

and 1974 included routine picking, sorting, and identification. Samples were 

placed in enamel pans and picked with the aid of illuminated magnif ier s. Eggs 

and larvae. were stained with rose bengal to permit easier separation from 

organic detritus and nonorganic matter in the sample. All samples were sepa

rated initially into total eggs, Morone sp. larvae, and other larvae.  

Identification was conducted with binocular microscopes with a 

maximum power of 70X. Ocular micrometers were used to determine size 

and relative proportions of the specimens; however, measurements of ichthyo

plarikters were not made.  

All eggs and larvae were identified to the lowest taxonomic level 

possible by using systematic analysis [ i.e. , f ollowing a known specimen through

out the developmental processes (Scotton et al, 1973)] and biological keys.  

Table 111-4 describes the principal phenotypic characteristics used to identify 

striped bass, white perch, and Atlantic tomcod eggs and larvae.  

C. FISHERIES 

This section describes field and laboratory procedures for 

fisheries studies which Texas Instruments Incorporated conducted in the Hudson 

River estuary during 1973 and 1974. -Data on juvenile, yearling, and older fish 

were collected under five sampling programs: 

" Beach-seine survey 

" Interregional trawl survey 

" Standard- station studies 

" Mark/recapture studies 

" Supplemental fisheries studies 

Methods and materials for these programs are defined, and differences between
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Table 111-4 

Phenotypic Characteristics and Pertinent Literature Used for Identifying 
White Perch, Striped Bass, and Atlantic Tomcod

Egg Characteristics Larvae Characteristics Pertinent Literature
I I _______________________ I _________

White perch 

Striped bass 

Atlantic tomcod

I 1. L J

111- 11

Species

*Diameter generally < 1. 0 mm 

*Adhesive, demersal 

*Choriun corrugated; attachment disk usually 
evident 

*Yulk smuoth with single large oil globule 

(> 45% yulk diameter) lucated in yolk mass 

" Appruximately 3. 2 mm in diameter 

" Nonadhesive, demersal 

" Churiun smuuth, thin, and turgid 

* Yulk smuuth with single oil gloule 
(< 30% yutk diameter) lecated upposite 
develuping blastoderm 

* Prior to hatching, embryo floating fully 
extended in perivitelline fluid; eye nut 
pigmented 

" No characteristico described because 

no eggs were collected is 1973 or 1974

" Notching length approximately 2. 0 mm 

" Head attacked tu yolk-sac, back arched 

" Oil globule in anterior yolk mass generally 
nut extending beyond posterior margin of eye 

" Pigmentation light and variable; chromate
phores generally located ventrally 

" Urostyle developing heterncercal bend prior 
to teeth development 

" Early teeth devel opm ent and only 5-6 bran
cheu stegal rays formed during initial second 
dorsal and anal fin ray development 

" Preopercle s pine development well after 
complete (7) brancheostegal ray formation 

" Anal fin that includes two spines and 8-l1 
soft rays; second anal spine usually thicker 
than first 

" Approximately 24 total myomeres. with 12 
preanal and 12-13 postasal myomeres 

" Snout-lu-vent length approximately 50% total 
length 

" Hatching length approximately 3.10 mm 

" Head attached to yolk-sac, back straight 

" Oil globule in anterior yolk mass generally 
extending beyond anterior margin of eye 

" Pigmentation light and variable; chromato
phoros generally located ventrally 

" Teeth well developed and early (4-5) bran
cheostegal rays formed when urostyle 

initially becomes oblique 

" Oil possibly visible in thoracic region until 
urostyle develops heterocercal bend 

" Preopercle spine development during or just 
after development of seventh brancheostegal 
ray 

" Anal fin that includes two opined and 10-13 
soft rays; spines 01 relatively equal thickneso 

" Total of Z3+ myomeres. with 12 preanal and 
11-13 postanal myomeres 

" Snout-to-vent length approximately 55% total 

length 

" Hatching length approximately 4. 0 mm 

" Prominent finfold extending ventrally from 
postsrnor portion of yolk-sac to end of 
n otoc hord and along dorsal surface from tip 
of notochord anteriorly to third or fourth 
myome Ce 

" Olfactory bud well developed 

" Maxillary extending posterior beyond eye 

" Distinct pigmentation pattern, chromato
phores scattered on lop of head, diagonally 

along digestive tract, over swim bladder.  
on ventral abdominal wall, and along venter 
in patchy line posterior to vent 

" Pectoral buds present at hatching; do not 
develop fin rays until larvae reach approki
matnly 10. 0 mmn total length 

" Fin development occurring as follows: 
(1) pelvics, (2) caudal, (3) first anal, 

(4) second anal. (5) third and second dorsal, 
( 6) first dorsal 

" Total of 36+ myomeres with 13-16 presnal and 
23+ postanal mysmeres 

" Snout-to-vent length slightly <40% total length
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techniques employed in 1973 and 1974 are-noted. Also described are the 

standard- station beach- seine studies for 1972.  

This report presents fisheries data collected through September 

1974. Sampling methods for near-field and plant fisheries studies are des

cribed in Appendix E.  

1. Beach-Seine Survey, 1973 

The purpose of the beach-seine survey was to provide informa

tion on species composition, abundance, distribution, and movements of juve

nile and adult fish in the shore zone of the Hudson River estuary between the 

George Washington Bridge [RM 12 (km 19) ] and Troy Dam [RM 15 3 (km 245)] 

In addition, during spring and fall, striped bass and white perch captured by 

beach seine were fin-clipped or tagged (depending on size) and released as part 

of the mark/recapture study. All striped bass and white perch collected by 

beach seine were examined for fin clips or tags.  

From mid-April through September, beach-seine samples were 

collected on a weekly basis during the day. From October through December, 

collections were taken on a weekly basis during the day from the George Wash

ington Bridge to the Newburgh-Beacon Bridge [RM 62 (km 99)] and biweekly 

during the day from the Newburgh-Beacon Bridge to Troy Dam. From August 

through December, beach-seine sampling was conducted at night at irregular 

intervals between the George Washington Bridge and Marlboro [RM 69 (km 110)] 

During both day and night throughout the study, 100-ft (30. 5-in) 

beach seines were used to monitor the abundance and distribution of both juve

niles and adults. The seines were set perpendicular to shore, with one end 

held in place on shore while a powerboat towed the other end to the beach to 

form a rough semicircle (Figures 111-1 and 111-2). Additionally, during June 

and July, in order to monitor the abundance and distribution of juveniles when 

they first appeared in shore-zone areas, 50-ft (15-in) beach seines were 
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deployed during the day. These were set parallel to shore, not more than 

100 ft (30 m) from the shoreline in water no deeper than 3 ft (1 in), and towed 

to shore by hand. A detailed description of the beach seines and deployment 

procedure is given in Appendix B, subsection E.  

100 FT (30.5 m) 

RADIUS 

100 FT 
(30. 5 in), ACTUAL PATH 

OF TOW 

I- V IE 

SHORE = 60 FT (18.3 i) I

Figure III-i. Sketch of Set and Tow of 100-Ft (30. 5-rn) Beach Seine 

BEACH SEINE 

RIVER, 

SHORE 
-60 FT (18.3 mn) 

Figure 111-2. Sketch of 100-Ft (30. 5-mn) Beach Seine after Completion of Tow
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Beach-seine sites for a given week were chosen from a list of.  

all available sites according to a stratified random sampling design. Sampling 

effort within a particular geographical region was generally proportional to the 

amount of shoreline within that region; however, later in the year an attempt 

was made to make the sampling effort proportional to the distribution of juve

nile striped bass and white perch as determined from catches during the pre

vious week. The random selection of beach-seine sites eliminated biases re

sulting from the selection of either standard sites or only those sites which 

could be easily sampled. The number of sites actually sampled in a week de

pended on catch size and composition as well as river conditions during that 

we ek.  

Specimens collected by beach seine were identified in the field 

and released or preserved in 10% formalin and returned to the laboratory for 

id entifi cation' and length measurements; sample jars were labeled as to gear, 

location, date, and time of capture. After mid-August, juvenile striped bass 

and white perch were identified in the field, marked with a specific fin clip and 

released; up to 25 juveniles of each species were randomly selected from each 

sample and their total lengths recorded. Yearling and older striped bass and 

white perch were either fin-clipped or marked with a numbered Floy fingerling 

or Floy internal anchor tag and their total lengths recorded, whereupon they 

were released. Marking operations were suspended from mid-June to mid

August due to high tagging mortalities encountered in holding facilities. Year

ling and older individuals of other species were identified, counted, and re

leased. After the catch was processed, the water temperature and physical 

characteristics of the sample site were recorded. A water sample was col

lected at many (but not at all) of the beach-seine sites and returned to the 

laboratory for oxygen., pH, turbidity, and conductivity determinations. (See 

Section III, subsection D. for wi.ater -quality methods.)
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Laboratory analysis of preserved beach-seine samples includ

ed identification and counting of juveniles, as well as total-length measure

ments of up to 25 randomly selected individuals of each species. Samples 

then were catalogued and stored for future reference.  

2. Beach-Seine Survey, 1974 

The 1974 beach-seine survey methods and materials were modi

fied only slightly. All samples were collected with 100-ft (30. 5-in) beach 

seines; none were taken with 50-ft (15-rn) seines. Sampling frequency and dis

tribution during 1974 was the same as in 1973 except that night beach- seine col

lections in 1974 were taken only from August through December in the Indian 

Point [RM 39-46 (km 63-75)] and Cornwall [RM 56-62 (km 90-99)] regions on 

a weekly basis.  

Field and laboratory analyses were identical to those of 1973 

except that alewife and blueback herring < 30 mnm in total length were identified.  

as Atosa sp. rather than to species. Additional efforts in 1974 included exami

natioin of Atlantic tomcod for fin-clips or tags and differentiation of yearling 

striped bass, white perch, American shad, alewife, and blueback herring from 

Age-il and older individuals of these species.  

A water sample was taken with each collection in 1974 and re

turned to the laboratory for oxygen, pH, turbidity, and conductivity determina

tions. (See Section III, subsection D, for water-quality methods. ) Water tem

perature was recorded in situ.  

Table 111-5 compares 1973 and 1974 beach-seine survey sampling 

programs. For the method of deploying the 100-ft beach seine, refer to Figure 

111-2.
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Table 111-5 

Comparison of 1973 and 1974 Beach-Seine Survey Sampling Programs 

Area of Change Sampling Season 

1973 1974 

Nighttime George Washington Bridge Indian Point region IRM 
sampling location [ RM 12 (19 kin)I to Marl[ oro 39-46 (63-75 kin)] and Corn

IiRM 69 (110 kin)] wall [RM 56-62 (90-99 km)] 

Nighttime Irregular intervals, Weekly August through 
sampling season August through December December 

Gear 50-ft (15. 2-in) beach seine 100-ft (30. 5-in) beach seine 
100 ft (30. 5-in) beach seine 

Field Did not differentiate year- Differentiated yearling 
procedures ling striped bass, white striped bass, white perch, 

perch, American shad, ale- American shad, alewife, 
wife, and blueback herring and blueback herring from 
from Age-II and older Age-Il and older specimens 
specimens 

Water-quality samples col- Water-quality samples col
lected at most(but not all) lected at all sample sites

sample sites 

Examined striped bass and Examined striped bass, white 
white perch for fin clips perch, and Atlantic tomcod 
or tags for fin clips or tags 

Laboratory Alewife and blueback herring Alewife and blueback herring 

procedures identified to species < 30 mm in total length 
identified as Aloso sp.  

3. Interregional Bottom-Trawl Survey, 1973 

The interregional bottom-trawl survey was designed to collect 

data on juvenile and adult species composition, abundance, distribution, and 

movements in shoal and channel areas. This survey also supplied critical 

deep-water effort for the white perch and striped bass mark/recapture 

programs.  

During the day from April through December, 32 bottom-trawl 

stations located primarily in channel areas between the Tappan Zee Bridge 

[RM 27 (km 43)] and the Newburgh- Beacon, Bridge [RM 62 (km 99)] were sam

pled at biweekly intervals (Figure 111-3). Samples were collected with otter 

trawls (Figure 111-4). In subsection E of Appendix B is a complete description 

of the bottom trawl.
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4. Interregional Bottom-Trawl Survey, 1974 

Sampling was conducted on a biweekly basis during the day at 

the 32 bottom-trawl stations sampled i~n 1973 and at seven additional bottom

trawl stations located in shoal and channel areas between the George Washing

ton Bridge [RM 12 (km 19)] and the Tappan Zee Bridge (Figures 111-3 and 111-5).  

During April and early May, samples were collected in a side-trawling manner, 

a technique which proved to be too time-consuming and placed undue stress on 

the sampling vessel; thus, during the last half of May, the rigging was con

verted to a stern-trawling operation like that used in 1973. Sampling continued 

through December.  

The otter-type bottom trawl used in 1974 was identical to that 

deployed in 1 ,973 except that knotless rather than knotted nylon. was used in 

construction from July through December 1974; this change was made in an 

attempt to reduce the mortality of specimens which occurred in trawl catches.  

As in 1973, tows were of 5-mmn duration at approximately 1. 3 in/sec.  

In 1974, a cod-end cover of 0. 25-in. (6-mm) knotless nylon 

mesh was attached to the trawl to collect smaller specimens (particularly 

juveniles) more effectively. The cod-end cover was attached forward of the 

cod-end seam and ballooned around the cod-end of the trawl with a clearance 

of approximately 2 ft (0. 6 in). A chafing cloth was attached forward of the 

cod-end cover on the bottom to reduce abrasion damage to the net. The cod

end cover and chafing cloth are described in Appendix B, subsection E.  

In 1974, specimens were collected in both the cod end and cod

end cover of the bottom trawl. Before deployment, both the cod end and cod

end cover were tied so that specimens which passed through the larger mesh 

of the cod end would be retained in the cod-end cover. After a tow was com

pleted, specimens were removed from the cod-end cover. Juveniles were 
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preserved in 10%6 formalin; labeled as to gear, location, date, and time of 

capture, and returned to the laboratory for analysis. Yearling and older indi

viduals which occurred in the cod-end cover were identified, counted, and 

released. Yearling striped bass, white perch, American shad, alewife, and 

blueback herring were separated from Age-Il and older specimens. A similar 

but separate procedure was followed for specimens collected in the cod end.  

All striped bass, white perch, and Atlantic to-mcod were examined for fin 

clips or tags.  

Laboratory analysis of trawl samples in 1974 included the 

identification and counting of juveniles, as well as total-length measurements 

on up to 25 randomly selected individuals of each species for separation of age 

groups. Samples were then catalogued and stored for future reference.  

During 1974, oxygen, temperature, pH, and conductivity were 

determined in surface and bottom waters at each sampling site. Surface-water 

turbidity also was determined at each sampling site. Water-quality methods are 

detailed in Section III, subsection D.  

The 1973 and 1974 interregional trawl surveys are compared in 

Table 111-6.  

5. Standard- Station Programs 

Standard- station beach- seine, bottom-, and surface-trawl 

sites in the Indian Point region ERM 39-43 (km 62-69)] were sampled during 

1972-1974. During 1973 and from March through April 1974, standard- station 

beach-seine and bottom-trawl sites were sampled also in the Cornwall and 

West Point regions ERM 52-60 (km 83-96)]. The primary purpose of these 

standard- station programs was to monitor yearly fluctuations in the abundance 

of striped bass and white perch in the vicinity of either the Indian Point nuclear

generating station or the proposed Cornwall pumped-storage plant. Study ob

jectives -not included in this report were determination of growth rates, food
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habits, and fecundity of striped bass and white perch. In addition, relative sea

sonal abundance, length-frequency distributions and length/weight relationships 

were determined for all fish species occurring in standard- station collections.  

Table 111-6 

Comparison of 1973 and 1974 Interregional Trawl 
Survey Sampling Programs

Area of Change 

Sample design 

Sampling gear 

Sampling 
procedure 

Field and 
laboratory 

procedures

1973 1 1974

32 stations between Tappan Zee Bridge 
[ERM 27 (km 43)] and Newburgh-Beacon 
Bridge ERM 62 (km 99)] 

Otter-type bottom trawl constructed 
of knotted nylon mesh 

Cod-end cover not used 

Stern-trawl from April through 
December 

Examined striped bass and white perch 
for fin clips or tags 

Did not differentiate yearling striped 
bass, white perch, American shad, 
alewife, and blueback herring from 
Age-II and older specimens 

Identified and counted all individuals; 
mean total lengths and length /frequency 
distributions for each species deter
mined by randomly selecting and mnea
suring approximately 20 individuals 
from within the size classes 0-100 mm, 
101-150 mm, 151-250 mm, and 251+ mm 

Recorded water temperature at each 
sampling site

32 stations between the Tappan Zee Bridge 
[RM 27 (kmn 43)] and Newburgh-Beacon 
Bridge [RM 62 (km 99)] and 7 additional 
stations between the George Washington 
Bridge [RM 12 (km 19)1 and the Tappan 
Zee Bridge 

Otter-type bottom trawl constructed of 
knotted nylon mesh used from April through 
Ju~ne; knotless nylon mesh trawl used from 
July through December 

Cod-end cover used from April through 
December 

Side-trawl from April to mid- May; stern 
trawl from June through December 

Examined striped bass, white perch, and 
Atlantic tomcod for fin clips or tags 

Differentiated yearling striped bass, white 
perch, American shad, alewife and blueback 
herring from Age-II and older specimens 

Identified and counted all yearling and older 
individuals; identified and counted all juve
niles and recorded total length measure
ments on up to 25 rand omly- selected juve
niles of each species 

Determined oxygen, temperature, p1-, and con
ductivity in surface and bottom waters and 
turbidity in surface water at each sampling 
site
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The standard-station programs also contributed to the mark/ 

recapture program as additional recapture effort, and these data have been 

utilized in the population estimates (Section VII-C). Data from the Indian Point 

standard-station program have been analyzed for the historical data base 

(Section.V). Table 111-7 compares the 1973 and 1974 standard-station sampling 

programs.  

a. Standard-Station Programs, 1973 

1) Standard-Station Beach Seines, 1973 

Six beach-seine sites located in the West Point and Cornwall 

regions between RM 52 and 60 (km 83 and 96) were sampled with 100-ft (30. 5-in) 

beach seines on a weekly basis during the day from mid-March to mid-December 

(Figure 111-6). Beach-seine samples were also collected between RM 52 and 60 

(km 83 and 96) at night on a biweekly basis during April, May, August, and 

October. Also, during the day on a weekly basis in January and from March 

through December, five sites located in the Indian Point region were sampled 

with 100-ft beach seines (Figure 111-7). Samples were collected in the Indian 

Point region also over a 24-hr time period (four samples collected at 6-hr in

tervals) on a monthly basis from March through December in 1973.  

Beach-seine samples were collected with the same type of beach 

seine as that used in the beach-seine survey and using the same methods of de

ployment. Beach-seine standard stations were sampled approximately 2 hr 

before low tide during both day and night. During 24-hr collection periods, 

samples were collected approximately 2 hr before low and high tides.  

Data collected at the five beach-seine sites between RM 39 and 

43 (km 62 and 69) from April through December 1972 (Figure 111-7) are also 

analyzed in this report. The sampling gear, techniques, and sampling fre

quency were the same as those used in 1973. Also, beach-seine collections 

were processed in the same manner as that described in Standard Stations 

Field and Laboratory Procedures for January to mid- July 1973.
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Table 111- 7 

Comparison of 1973 and 1974 Standard -Station Sampling Programs 

.Sampling Season 

Area of Change 1973 119741
Beach seines 

(1) Sample design 

[RM 52-60 

(km 83-96)0 

(2) Sample design 

[RM 39-43 
(km 62-69)] 

Bottom trawls 
(1) Sample design 

[RM 56-57 

(km 90-91)] 

(2) Sample design 

[:RM 39-43 
(km 62-69)] 

(3) Sampling gear 

Surface trawls 

E RM 39 -43 (km 62 
69)] 

Field and laboratory 

procedures 
(1) Water 

chemistry 

(2) Length 

categories 

(3) Length/weight 
measurements

Six sites sampled weekly during day 

from mid-March to mid-December 

and biweekly at night in April, May, 

August, and October 

Five'sites sampled weekly during 

day in January and from March 

through December and monthly over 

24-hr interval from March through 

December 

Five sites sampled biweekly during 

day from April to mid-December 

Seven sites sampled biweekly during 

day in January and February and 

April through December 

Otter-type bottom trawl constructed 

of knotted nylon mesh; trawl liner 

not used 

Seven sites sampled biweekly during 

day in January and May through 

December 

Water samples not always taken con

currently with trawl catches 

0-100 mm, 101-150 mm, 151-250mm 

and 251+ mm. from January to mid

July; 0-X mm, X-1 50 mm, 151-250 

mm and 251 mm from mid-July 

through December; used primarily 

to separate juvenile striped bass and 

white perch from older individuals 

Adults weighed to nearest gin; 

juvenile striped bass and white perch 

weighed to nearest 0. 1 gin; juveniles 

of other species weighed to nearest 

0. 5 gm

I. ________________________

Six sites sampled weekly during day 

from mid-March to late April; no 

night sampling 

Five sites sampled weekly during 

day from March through December; 

two additional sites sampled from 

May through December; no samples 

collected over a 24-hr interval 

Five sites sampled during mid-April 

Seven sites sampled biweekly during 

day from April through December 

Otter-type bottom trawl constructed 

of knotted nylon mesh used from 

April through June; knotless nylon 

mesh trawl used from July through 

December; replicate set of trawl 

samples taken with liner from late 

July through December 

Seven sites sampled biweekly during 

day from mid-July through December 

Water samples taken concurrently 
with trawl catches 

0-X mm, X-150 mm, 151-250 mm, 

and 251+ mmn from April through 

December where X equaled 100 mm 

until juveniles occurred in catches; 

then particular X values for each 

species were used as division points 

From April through mid-July, adults 

weighed to nearest gm and juve

niles other than striped bass and 

white perch weighed to nearest 0. 5 

gin; juvenile striped bass and white 

perch weighed to nearest 0. 1 gin; 
from mid-July through December, 

fish !g100 gm weighed to nearest 0. 1 

gm and fish > 100 gm weighed to 

neare st gm
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BEACH-SEINE SITES, 1972-1974 

BEACH-SEINE SITES, MAY-DECEMBER 1974 

BOTTOM-TRAWL AND SURFACE-TRAWL SITES

Figure 111-7. Standard- Station Beach-Seine, Bottom-Trawl, and Surface 
Trawl Sites in Hudson River Estuary, RM 39-43 (km 62-69), 
1972- 1974
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2) Stand ard-Station Bottom Trawls, 1973 

Bottom-trawl samples were collected on a biweekly basis during 

the day from April to mid-December at five stations (Figure 111-6) located in 

shoal and channel waters at RM 56-57 (km 90-91). Bottom-trawl samples 

were also collected at biweekly intervals during the day in January, February, 

and from April through December in 1973 at seven standard. stations (Figure 

111-7) located in shoal and channel waters in the Indian Point region ERM 39-43 

(km 62-69)].  

Standard stations were sampled with an otter-type bottom trawl, 

the dimensions of which were identical to those of the trawl used in the inter

regional trawl surveys except for the smaller doors [0. 4 x 0. 8 m (1. 3 x 

2. 6 in)]. Specific bottom-trawl dimensions are presented in subsection E 

of Appendix B. The bottom trawl was towed against the tide for 10 min by a 

40-ft (12-m) converted Maine lobster boat at a speed of approximately 1. 0 

in/sec. After the trawl was deployed, sufficient cable was released to main

tain a 4/1 cable length/depth ratio.  

3) Standard- Station Surface Trawls, 1973 

Surface trawl samples were collected by a modified mid-water 

trawl at the same seven stations [between RM 39 and 43 (km 62 and 69)] sam

pled by bottom trawl (Figure 111-7). Sampling occurred on a biweekly basis 

during the day in January and from May through December. The surface 

trawl is shown in Figure 111-8 and described further in Appendix B.  

4) Standard- Station Sample- Handling Procedures, 1973 

Standard- station catches were prese rved in .10% formalin and 

labeled as to gear, location, date, and time of capture. The stomachs of 

yearling and older striped bass and white perch were injected with formalin 

before being returned to the laboratory for food-habit analysis (not included 

in this report).
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150 ft (45.7 m) 

10f(3. ) 040100 ft (30.5 m) 

Figure 111-8. Surface Trawl for Collecting Juvenile and Adult Fish 
in Hudson River Estuary, 1973-19 74 

From January through mid-July, individuals were separated 

by species and placed in length groups of 0-100 mm, 101-150 mm, 151-250 mm, 

and , 251 mm. The number of individuals in each length category was recorded.  

A random subsample of up to ZO individuals was selected from each length 

group, and their individual total lengths and weights were recorded. Adults 

were weighed to the nearest gram; juveniles other than striped bass and white 

perch were weighed to the nearest 0. 5 gin. Juvenile striped bass and white 

perch were weighed to the nearest 0. 1 gin.
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From mid-July through December, random subsamples were 

selected from length groups of 1 mm-X, X-150 mm, 151-250 mm, and 251 m..  

The variable X, which represents the upper size range of young -of -the -year 

specimens, was changed periodically to account for growth; its limiting values 

were used primarily to separate juvenile striped bass and white perch from 

yearling and older individuals. Age and growth analysis are not included in this 

report but facilitated the separation of age groups.  

b. Standard-Statio n Programs, 1974 

The objectives of the 1974 standard- station program were the 

same as those of the 1973 studies. Sampling was confined primarily to sites 

located between RM 39 and 43 (km 62 and 69) although limited sampling was 

conducted at sites located between RM 52 and 60 (km 83 and 96) during spring 

1974. Water temperature, oxygen, conductivity, pH, and turbidity were 

determined concurrently with collections. (See water-quality methods, Section 

III, subsection D.) 

The sampling techniques and gear used in the 1974 standard

station beach-seine studies were identical to those used in 1973. Five 

beach-seine sites located between RM 39 and 43 (km 62 and 69) were sampled 

on a weekly basis during the day from March through December, and two 

additional beach-seine sites located at RM 40 (km 64) were sampled from 

May through December (Figure 111-7). Samples were also collected at six 

sites between RM 52 and 60 (km 83 and 96) from mid-March to late April 

(Figure 111-6). No standard- station beach-seine sites were sampled at night 

in 1974.  

1) Standard- Station Bottom Trawls, 1974 

The sampling techniques and gear used in 1974 were identical 

to those used in 1973 except that trawls used from July through December 

1974 were constructed of knotless rather than knotted nylon mesh.
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Bottom-trawl samples were collected at biweekly intervals0 

during the day at seven sites between RM 39 and 43 (km 62 and 69) from April 

through December (Figure 111-7). Bottom-trawl samples were collected also 

at the five standard -station sites between RM 56 and 57 (km 90 and 91) during 

mid-April 1974 (Figure 111-6). From late July through December 1974, a set 

of bottom-trawl samples was collected between RM 39 and 43 (km 62 and 69) 

using a trawl equipped with a knotless nylon liner of 0. 5-in. (13- mm) stretch 

mesh. These collections were taken on the day preceding or following regular 

standard-station bottom-trawl collections. Examination of the numbers and 

lengths of individuals found in the trawl liner provided information on fish 

which would have passed through the larger mesh of the usual trawl.  

Dimensions of the bottom trawl and the trawl liner appear in 

subsection E of Appendix B.  

2) Standard- Station Surface Trawls, 1974 

Surface-trawl samples were collected at seven sites between 

RM 39 and 43 (km 62 and 69) on a biweekly basis during the day from mid-July 

through December (Figure 111-7). Gear and techniques were the same as those 

used in 1973.  

3) Standard Station Sample-Handling Procedures, 1974 

The procedures employed during 1974 were the same as those 

used in 1973, except that during the last half of 1974 fish 9 100 gm were 

weighed to the nearest 0. 1 gm and specimens > 100 gm were weighed to the 

nearest 1 gin.
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6. Mark/Recapture Program, 1973 

From April through mid-June and from mid-August through 

December, striped bass and white perch were marked by tagging or fin

clipping. Data obtained from the recapture of marked fish provided informa

tion on time, direction, and range of movements. Population estimates 

(Section VII) derived from mark/recapture data were used in this program to 

determine impingement impact of individual and combined operation of power 

plants.  

The type of mark and the methods of capture were chosen on 
the basis of the survival of marked fish held in aquaria or river pens over a 

14-day period (TI, 1972a, 1973c , 1974b). Floy internal anchor tags were 

applied to striped bass and white perch > 150 mm in total length. Floy finger
ling tags were applied to specimens ranging in total length from 100 to 150 mm.  

On juveniles < 100 mm in total length, one or two fins were clipped to specifi
cally designate the marking region (Table 111-8) and month of capture. Fins 

clipped consisted of combinations of the pectoral, pelvic, anal, and dorsal 

fins; c audal fin clips were not employed.  

Table 111-8 

Geographical Marking Regions, 1973 and 1974 

Location 
Region (RM/km)* Description 

1 12-38 (20-61) George Washington Bridge through Haver
straw Bay 

2' 39-46 (62 -74) Indian Point region to Bear Mountain Bridge 
3 47-61 (75 -98) West Point and Cornwall regions 

4 62 -152 (99-243) Beacon-Newburgh Bridge to Troy Dam 

Numbers in parentheses indicate kilometers.
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White perch and striped bass were captured during the fisheries 

sampling programs. An attempt was made to distribute the marking effort in 

proportion to the regional densities of the striped bass and white perch popula

tions. Fish to be marked were collected with box traps and beach seines.  

Some adult striped bass caught in gill nets and adult white perch caught by 

epibenthic sleds also were tagged and released. All types of field sampling 

gear were employed for the recapture of marked fish. Impingement sampling 

and recreational and commercial fishing provided additional recaptures. A 

reward of $1 was offered for each tag returned by a fisherman.  

Survival tests on fin-clipped and tagged fish were conducted to 

estimate the short-term (14-day) mortality associated with handling and ma rk

ing. F Iin-clipped fish were held in lots of 15 to 20 fish in indoor aquaria sup

plied with river water; tagged fish were held in river pens. Tests were con

ducted throughout the marking season, and an attempt was made to replicate 

each test at least once. The estimated 14-day mortality rates were used to 

adjust the number of marks released (Appendix F).  

7. Mark/Recapture Program, 1974 

Atlantic tomcod were added to the 1974 marking program.  

During January and February, adult Atlantic tomcod were marked and re

leased at seven sites between RM 36 and 96 (km 58 and 154). They were col

lected for marking purposes using box traps without wings or leads. The fish 

were fin-clipped to designate the marking region (Table 111-7) and marking 

period. Carlin or Floy fingerling tags were applied to a limited number of 

tomcod, for which a $1 reward for return was offered. Box traps, fishermen, 

and impingement supplied recaptures of the marked tomcod.  

In 1974, there were few changes in mark/recapture methods 

for striped bass and white perch.. The size range for application of Floy 

fingerling tags to striped bass was increased from 100 mm - 150 mm to 
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100 mm - 250 mm, with striped bass > 250 mm receiving the internal anchor 

tag. Size categories for white perch remained the same as in 1973.  

8. Supplemental Fisheries Studies 

Additional sampling gear including box traps, gill nets, and a 

200-ft (61-m) beach seine were used intermittently during the 1973-74 sam

pling programs to provide supplemental fisheries data. Box traps and gill 

nets were used to further describe species composition, abundance, distri

bution, and movements of yearling and older fish in shoal areas in the Indian 

Point [RM 39-43 (km 62-69)] and Cornwall [RM 52-60 (km 83-96)] regions, 

particularly during the spring spawning period. White perch and striped bass 

collected by these gear were ma-rked and released to provide information on 

population size and movement. The 200-ft (61-in) beach seine was used 

primarily to supplement mark/recapture efforts.  

Large and small box traps were set in 4 to 20 ft (1 to 6 m) of 

water during day and night at irregular intervals from early April 1973 through 

December 1974 to support mark/recapture studies of white perch. Box traps 

without wings or leads were used to collect Atlantic tomcod from December 

1973 through March 1974 and in December 1974.  

Gill nets with 3-in. (76-mm) bar mesh and 4-in. (l02-mm) 

bar mesh were set at depths of 8 to 20 ft (.- 2 to 6 m) during periods of day

light and darkness to support the striped bass mark/recapture studies from 

late March through mid-June; the 3-in. (76-mm) bar mesh gill net was occa

sionally used later in the season.  

The 200-ft (61-in) beach seine provided additional effort to 

the mark/recapture programs during the fall in both 1973 and 1974. Most 

sampling was done in Croton and Have rstraw Bays.  

Detailed dimensions and methods of deployment for the above 

gear are presented in Appendix B, subsection E.  
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D. WATER-QUALITY METHODS 

1. 1973 Program 

a. Methods Associated with Ichthyoplankton Sampling 

Beginning in May 1973, water samples were collected with 

modified Van Dorn samplers designed to enclose a sample at the end of each 

tow (Tucker trawl or epibenthic sled). The samplers slid down the tow cable, 

tripped the second stage of the double-release mechanisms on the trawl or 

sled, and trapped a 2-tf, water sample approximately 1 m above the level of 

each ichthyoplankton tow (Figure 111-9).

Figure 111- 9. Ichthyoplankton"As sociated Water -Sampling Methods 
during 1973-1974
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Upon retrieval, each sample was transferred to a 300-m1 BOD 

bottle, allowing at least a threefold overflow. Temperature and dissolved oxygen 

were determined immediately, followed by conductivity and pH. Temperature 

(0 C) and dissolved oxygen (ppm) were measured using Weston and Stack Model 

300 analyzers. Conductivity was measured with Yellow Springs Instruments 

(YSI) Model 33 S-C-T meters. Hydrogen ion concentrations (pH) were mea

sured with Instrumentation Laboratories (IL) Model 175 pH meters. The sam

ples were returned to the Verplanck laboratory for turbidity analysis with a 

Hach 2100A nephelometric turbidimeter at the end of each day's sampling.  

Calibration procedures for all instruments are presented in Appendix A.  

Since the conductivity meters did not correct to a specific ref

erence temperature, conductivity measurements were corrected using the 

following equation: 

C 2 ~CT [0. 0770 (lInT) 2 + 1. 797 5] 1 

where 

2 5 =specific conductance, Pmhos/cm at 25'C 

C T= conductivity at temperature of observation 

T =temperature (0G) 

This equation cannot be applied below IOC (Figure 111-10).  

Values derived from this correction were. subsequently entered 

into an equation des igned to correct dis solved- oxygen determinations for 

Changes in salinity. Increase in sample salinity results in an apparent in

crease in dissolved-oxygen concentration. The change is nonlinear and tem

perature.-dependent, as indicated by the following equation (Pijanowski, 1973): 
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S 

D D [0.9987 e (1.255T + 145. 5) (2) 

where 

S =salinity (O/oo) 

T temperature (0 C) 

D c dis solved- oxygen concentration corrected for 
increased salinity 

D m observed dissolved oxygen value at salinity S 
and temperature T 

The original equation utilized salinity values rather than con

ductivity. By using the equation 

C .[-0. 0770 ( lnT) 2+ 1.7975] 
S -100 In 1I T 1750 3) 

where 

S =salinity (0/00) 

C T =conductivity ("mhos/cm) at temperature T 

and substituting this expression for S in Equation (2), a dissolved -oxygen cor

rection based on conductivity is derived. The fit of calculated values to ex

perimentally determined values (Thomas et al, 1934) is within reasonable 

limits of accuracy (Figure 11-11).  

The resulting equation was used to correct all dissolved -oxygen 

determinations made during ichthyoplankton and shoal sampling activities.  

Figure 111-12 illustrates the approximate range of values used for correction.
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Readings Influenced by Salinity 

b. Methods Associated with Standard Stations 

During 1973, measurements intended to describe environmental 

conditions in trawling and seining areas near Indian Point were made on a 

weekly basis (Figure 111-13) independent of fisheries activities. Temperature, 

specific conductance, dissolved oxygen, pH, and turbidity (% transmittance) 

were measured in situ at each of the 18 stations.  

Until mid-August, a Martek Mark II water-quality monitor was 

used for all measurements except that of turbidity; after that date, the Martek 

unit was replaced with a Hydrolab Model 6D monitor system. Both systems 

utilized equivalent sensors and similar as sociated-mea surement circuits. Con

version to the latter system was based on its reliable operation at the low tem

peratures and high humidities encountered during field measurement. Turbidity 

was determined with a Hydroproducts Model 210 transmissometer having a 

10-cm light path.
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