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Appendix VI- 1 -A 

Entrainment Process and Sampling 



A.. Description ofthe Process 

Power plant water intakes are usually equipped with intake screens to prevent clogging of 
the condenser cooling system and pumps. Along with the water, however, organisms 
smaller than the screen openings (usually 0.25- to 0.5-in. mesh) can be drawn into the 
system, a process called entrainment. Planktonic organisms (phytoplankton, 
microzooplankton, macrozooplankton, and ichthyoplankton) are susceptible to entrainment 
because their small size and limited swimming ability allow passage through the mesh of 
the traveling screens and prevent escape from the entrained water mass. Some of the 
entrained organisms are young life stages of fish, in part from recreationally and 
commercially significant species. Organisms pass through the circulating pumps and are 
canied with the flow through the intake conduits toward the condenser units. The cooling 
water and entrained organisms are drawn through one of a multitude of condenser tubes 
used to cool the turbine exhaust steam. The raw cooling water and organisms then enter the 
discharge canal or conduit for return to the water. During their passage through the plant, 
entrained organisms experience a variety of stresses, some of which may cause death. The 
stresses encountered by the entrained organisms were described by Schubel and Marcy 
(1978) and are summarized below and depicted in Figure 1. 
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Physical 

Organisms can be exposed to physical stresses at a variety of points throughout the cooling 
water system. The initial point is passage through the trash racks and intake screens 
themselves. Organisms just small enough to go through the screens may incur abrasions or 
compression as they are pulled through the mesh. Further damage may occur during 
passage fiom the traveling screens to the pumps. 

Passage through the pump is where the most severe shocks occur, creating an almost 
instantaneous jump in pressure; direct collision with the impeller will occur for some 3.5% 
of the entrained organisms. Velocities and shear forces can also remain quite high during 
passage through the condenser tubes. Finally, depending upon the nature of the discharge 
structure, turbulence and shear may be encountered when the cooling water is returned to 
the water body. 
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Figure 1 .  Schematic diagram of a typical steam electric generating station 
with once-through cooling water. 
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Thermal 

Entrained organisms can be exposed to elevated temperatures during passage through the 
condenser tubes, where the rise in cooling water temperature is almost instantaneous, and in 
the discharge canal or conduit, where organisms may be exposed to elevated temperatures 
fiom less than a minute to more than 30 minutes, depending on the type and length of the 
discharge structure. Figure 2 describes, in general terms, the temperature rise experienced 
by entrained organisms. 

Chemical 

To prevent fouling during certain times of the year, some power plants inject intermittent 
pulses of biocide into the coolant. Some organisms may be directly exposed to chlorine. 

AI1 Stresses Combined 

Organisms that survive entrainment may be exposed to thermal and biocidal stresses for 
seconds to hours after discharge, depending upon whether a diffuser, multiport jet, weir, or 
canal forms the outfall. In addition, if a d i h e r  is present, the organism may be exposed 
to shear stresses as they are discharged through the difkser and into the river with the 
cooling water. However, the shear stresses generated at the diffuser and when the dilution 
water fiom the river is mixed with the discharge plume are considerably less than those 
encountered by the organisms during passage through the plant and well below the lethal 
range. 

The nurnber of ichthyoplankton entrained depends on factors such as location in relation to 
the plant intakes (e.g., vertical distribution in the water column); physiology and condition 
of the organisms; and power plant factors such as intake design, zone of water withdrawal, 
velocities at the screen face, screen mesh size, pumping rates, and operation schedules. 
Early life stages such as eggs and yolk-sac larvae behave like passive particles, Le., they will 
be carried with the river velocities and those flows entering the plant intake. As 
ichthyoplankton mature into post-yolk-sac and juveniles, they develop increasing swimming 
ability and their susceptibility to entrainment may be dictated more by behavior and other 
factors than by flows at the intakes. It is often assumed that they behave as passive particles 
and are entrained at rates directly proportional to the intake flow. "his approach results in 
the linear relationship (shown in Figure 3) between the number of organisms entrained and 
the plant's flow rate. Annual entrainment abundance estimates are often calculated based on 
this direct proportion and total plant flows. 

The approximate relationship between numbers entrained and flow rate does not accurately 
depict the relationship between the flow rate and the number of organisms cropped by 
entrainment. The latter relationship is complicated by the fact that the temperature change 
across the condensers, AT, increases when plant flow rate is reduced below the design 
condition (Figure 4). The increased AT may cause the cooling water temperature to exceed 
the organisms' lethal limit. Beyond this point, additional decreases in the plant flow rate 
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Figure 2. Hypothetical timecourses of temperabm changes experienced 
by organisms entrained in condenser cooling water and 
subsequently discharged. 
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Figure 3. Relationship between number of organisms entrained 
and plant flow rate (Qp ). 
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Figure 4.  onsh ship between temperature increase across the condenser (A ) 
and plant flow rate (Qp ). 



will result in firher increases in the thermal mortality rate until it reaches 100% (Figure 5). 

The influence of an increase in thermal mortality rate on the mortality rate due to all stresses 
combined depends on the organisms' tolerance of physical and chemical stresses in the 
absence of thermal stresses. If mortality due to physical and chemical stresses is 1 OO%, the 
thermal mortality rate has no influence on the total rate, and decreases in plant flow translate 
directly into reductions in the numbers of organisms lost due to entrainment. However, if a 
large fraction of the entrained organisms survive the physical and chemical stresses, the 
combined mortality rate will increase when ATs reach the range over which thermal 
mortality occurs. For %le organisms, Le., that small fraction that survives physical and 
chemical stresses, the combined mortality rate also increases with AT but at a less dramatic 
rate. 

For hgi le  organisms, when plant flows are increased enough that ATS decrease and thermal 
mortality diminishes, the number lost due to entrainment may decline or remain nearly 
constant over a range of plant flows. After this range of flows, the number lost increases 
with flow but at a lower rate determined by the magnitude of the mortality rate due to 
nonthermal stresses. A similar pattern evolves for hardy organisms, i.e., those with a 
relatively low mortality rate in response to nonthermal stresses. After the transitional range 
of plant flows, the number lost resumes its pattern of increase but at a lower rate. 

B.. Data to Estimate Entrainment Effeects 

The Long River Programs summarized in Section V-D are described in the annual reports 
listed in Appendix V-1. Studies concerned with the impacts of entrainment have been 
conducted periodically at the generating stations since 1972. The following sections 
s- the studies conducted at each plant. 

Roseton 

Sampling to estimate the numbers of organisms entrained has been conducted at the 
Roseton Generating Station from 1974 to 1987. These studies focused on the seasonal and 
diel abundance patterns associated with various fish species and life stages. Early 
entrainment studies at Roseton also included macrozooplankton. Water quality, plant 
operating conditions, and environmental conditions (Le., tidal stage) were recorded with 
each sample. 

In addition to the routine entrainment abundance monitoring, a variety of other entrainment 
studies have been conducted at Roseton Generating Station. These studies have included 
estimates of survival and evaluation of mitigation measures and sampling gear and design. 

Entrainment survival studies began at Roseton in 1975 and continued through 1980. Initial 
studies included phytoplankton, zooplankton, and ichthyoplankton survival estimates. Later 
studies focused on estimates of initial and latent survival of striped bass, white perch, 
Atlantic tomcod, and herring. 
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Figure 5. Variation of number of entrained organisms killed by thermal 
stress as a function of temperame rise. 



Indian Point 

Entrainment sampling began at Indian Point Generating Station in 1972 and, with the 
exception of 1982, was continued until 1987. Annual reports describing the entrainment 
studies conducted at Indian Point are listed in Appendix \I-1. Entrainment abundance 
studies were designed to quanti@ and identi8 the species and life stages entrained at each 
unit. In the 1970s, entrainment sampling concentrated on selected species of 
macrozooplankton and striped bass ichthyoplankton at both the intake and discharge 
structures. During the 1 9 8 0 ~ ~  entrainment sampling at Indian Point focused on 
ichthyoplankton entrainment. Annual entrainment programs have evaluated seasonal, diel, 
and tidal abundance patterns as well as length frequency distributions of selected species. 

Special studies concerning entrainment mitigation, survival, and differences in sampling 
gear and design have also been conducted at Indian Point. Survival studies have considered 
initial and latent survival as well as the differences between thermal and mechanical 
mortality. Survival studies conducted in 1988 examined mechanical mortality after the 
installation of the dual and variable speed pumps at Units 2 and 3, respectively (EA 1989). 
Studies have focused on selected species: striped bass, white perch, herrings, bay anchovy, 
and Atlantic tomcod. 

Bowline Point 

Entrainment sampling at Bowline Point Generating Station began in 1973 and continued 
until 1987. Appendix V-1 lists the m u a l  reports of each study. Initial studies included 
phytoplankton and zooplankton sampling to define temporal variations in species and life- 
stage composition. Subsequent studies focused on entrainment effects on striped bass, 
white perch, Atlantic tomcod, and bay anchovy. 

Data collected included abundance according to species and life stage, and length 
frequencies for selected species. Special studies concerning the survival of fish larvae and 
juveniles were also conducted on a regular basis at Bowline Point between 1975 and 1979. 
These studies examined the thermal and mechanical components of entrainment mortality 
and the length frequency distributions associated with species survival. 

C.. QuaMatbe Description of Entrainment E=fec& 

Entrainment sampling has been conducted at the Roseton, Indian Point, and Bowline power 
plants for 14, 14, and 15 years, respectively. The number of taxa identified in these 
sampling efforts at these stations is 52,34, and 37, respectively. However, for most of these 
species the numbers caught were smalI. Tables 1 , 2, and 3 indicate that 95% of the catch at 
the three stations was composed of six species (bay anchovy, blueback hening and alewife, 
striped bass, white perch, and American shad). Based on the relative importance of species 
to the ecosystem, their current or potential value as recreational or commercial resources, 
and their appearance in entrainment samples, certain species were selected by DEC for 
analysis here. 



i 

TABLE I 

COMPOSITION OF ENTfUlNMENT ABUNDANCE W L E S  AT ROSJZTON GENERATUVG STATION, 1981-1987 
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TABLE 2 

COMPOSITION OF ENTRAINMENT ABUNDANCE SAMPLES AT BOWLINE POINT GENERATING STATION, 1981- 
1987 

C 

1 %  

31 31 

37 66 

3 45 

015 

25 24 

- 
0 I t  

0 19 

OM 

- 
0.02 

0.28 

- 

87 92 

6 93 

2 6 6  

I IO 

0 28 

0 81 

0 07 

001 

001 

0 02 

4 0 1  

COO1 

4 01 

CO 01 

CO 01 

- 
CO 01 

001 

401 

001 

4 0 1  

0 03 

001 

4 0 1  

4 0 1  

- 
4 0 1  

4 0 1  

0 12 

49 23 

3 20 

24 22 

4 70 

0 I6 

1027 

0 I O  

- 
- 

0 03 

on 
- 

0 07 

WS 

- 
0.33 

0 24 

0.09 

- 
- 
0.02 

0.02 

0.07 

- 
- 

0.10 

- 
I 58 

3 48 

0.03 

0.03 

0.02 

0.09 

0.07 

002 

0 02 

85 02 

672 

z 95 

2 53 

0 53 

184 

0 I O  

0 02 

0 02 

0 02 

4 01 

COO1 

CO 01 

CO 01 

4) 01 

a01  

Q) 01 

001 

COO1 

0 01 

401 

0 03 

COO1 

001 

4 0 1  

4 01 

a01  

Q)O1 

002 

0 14 

a 0 1  

401 

4 0 1  

* 01 

COO1 

COO1 



TABLE 3 

COMPOSITION OF E ~ ~ M E ~  ABLWDANCE SAMPLES AT INDIAN POINT GENERATING STATION, 1983-1987 
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Table 3 continued 
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Figures 6, 7, 8 and 9 show the time of occurrence and relative magnitude of entrainment 
losses for these selected species at Roseton, Indian Point, and Bowline Point. 

D. ~ ~ a n ~ a t i v e  Description of Entrainment Effeecis 

Entrainment conditional mortality rate is the probability of fish dying from passage 
through the cooling water system of a power plant. It is expressed as the fractional 
reduction in the number of fish in the Hudson River at the end of the first year of life. If 
there are no density-dependent mechanisms operating, the conditional mortality rate will 
carry through proportionally to later life stages. If, on the other hand, the survival rate 
increases for individuals remaining in that cohort, the reduction in the size of the cohort at 
some later life stage will be less than the estimated conditional mortality rate. Thw, the 
impact of entrainment on a population depends on the nature (density-dependentl density- 
independent) and timing (reiative to the conditional mortality) of natural mortality factors. 

Two different approaches are available for estimating conditional mortality rates. The first, 
the Empirical Transport Model (ETM), uses river sampling to determine the portion of the 
river population entrained at a given power plant. The ETN formulation is based on the 
spatial and temporal distributions of the organisms; it does not require estimates of the 
absolute number of Organisms in the river or the numbers entrained. Hence, it does not 
require sampling within the plant to estimate the numbers entrained, but it does require 
estimates of the ratio or hction of organisms in the river that are likely to be entrained (Le., 
are exposed) and the fraction of the organisms that does not survive plant passage. 

I 

The other approach to estimating conditional mortality due to entrainment uses direct 
estimates of the numbers entrained coupled with estimates of the standing crop of 
organisms in the river and the h t i o n  of entrained organisms killed by plant passage to 
estimate the conditional entrainment mortality rate (CEMR.). The number of organisms 
entrained is based on sampling of the cooling water in the discharge canal or pipe. As 
discussed above, mortality due to exposure to elevated temperatures is typically considered 
separately from that due to mechanical, pressure, and chemical stresses. A full description 
of the two modeling approaches, along with the equations used to compute the thermal 
component of plant mortality are presented in Appendix VI- 1 -B. 
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Figure 6. Tim of occurrence and relative magnitude of entrainment losses 
of select species at Bowline Point, Roseton, and Indian Point as 
related to water withdrawal (1981-1987). 
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Figure 7. Time of occurrence and relative magnitude of entrainment losses 
of select species at Bowline Point, Roseton, and Indian Point as 
related to water withdrawal (1981-1987). 



Figure 8. Time of occurrence and relative magnitude of entrainment losses 
of select species at Bowline Point, Roseton, and Indian Point as 
related to water withdrawal (1981-1987). 
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Figure 9. Time of OccuITence and relative magnitude of entrainment losses 
of select species at Bowline Point, Roseton, and Indian Point as 
related to water withdrawal (1981-1987). 



Appendix VI-I-B 

Methods Used To Estimate Entrainment Effects 



Introduction 

Background 

The Draft Environmental Impact Statement (DEIS) for the operation of Bowline Point, 
Indian Point and Roseton power plants includes the estimation of the fractional reduction in 
young-of-year fish populations due to entrainment and the distribution of effects through time. 
Sampling programs that began in the mid-1 970s as part of the Hudson River Monitoring 
Program (HRMP), provide measurements on both the abundance of fish populations at various 
times and in various life stages in the Hudson River estuary and the numbers of fish entrained 
and killed by the plants. Modeling is used to estimate conditional entrainment mortality rates 
and to assess the potential effectiveness of alternative mitigation scenarios such as planned 
outages. For the DEIS, estimates of the conditional entrainment mortality rates (CMR), the 
fractions of young-of-year populations that would die from entrainment-related causes if no other 
causes of mortality operated, were made for American shad (Alosa sapidissima), Atlantic tomcod 
(Microgadus tomcod), bay anchovy (Anchoa mitchilli), striped bass (Morone saxatilis), white 
perch (Morone americana), spottail shiner (Notropis hudsonius), and "river hemng" over the 
period 1974 through 1995. The river herring designation includes both alewife (Alosa 
pseudoharengus) and blueback herring (Alosa aestivalis) due to difficulties in distinguishing the 
larvae of these two species. 

The CMRs for the seven fish employed two estimation methods-the Empirical 
Transport Model (ETM) and the Conditional Entrainment Mortality Rate (CEMR) model. Each 
method has specific data requirements that can limit its application to particular years, taxa and 
power plants. The ETM was originally developed for use with data on river-wide distribution 
patterns of ichthyoplankton. Numbers entrained are estimated f?om larval densities and power 
plant flows. The Type I ETM model was developed for use with field data that identify fish life 
stages but not ages. 

Boreman et al. (1978,1981) and Boreman and Goodyear (1988) describe model 
development, assumptions, and previous applications. The ETM (Boreman and Goodyear, 1988) 
is based on the assumptions that 

(1) the data used to establish the spatial and temporal distributions of organisms 
are accurate, (2) organisms redistribute instantaneously among regions of the 
water body between life stages, but do not move among regions within each life 
stage, (3) power plant effects on organisms do not alter their overall pattern of 
distribution within the water body, (4) organism distribution parameters are 
estimated &om field measurements of the entire standing crop of each entrainable 
life stage, and (5 )  natural mortality of a given life stage is uniform within the 
modeled system . 

The ETM method can be applied to dl years of the Longitudinal River Survey (LRS) that allow 
estimates of river-wide distribution patterns of i ch thyop l~on .  

1 



The CEMR model was developed later as part of the Outage Evaluation Program, a 
multi-year program begun in 1982 that was sponsored by the Hudson River Utilities and 
conducted in cooperation with the New York State Department of Environmental Conservation. 
The CEMR method was developed to take advantage of direct samples of the entrained 
ich thyopl~ton  that were available from programs conducted at the three power plants in 198 1 
and from 1983 through 1987-the only years the CEMR method could be applied to, to estimate 
conditional entrainment mortality rates. 

Because the CEMR method relies on the most direct source of data for estimating 
mortality (direct counts of entrained organisms), it is the preferred method for estimating 
conditional mortality rates-the ETM method is used for years when entrainment data are not 
available. To produce a consistent time-series of conditional mortality rates based on direct 
entrainment counts when available and ETM estimates othenvise, the ETM was modified to have 
an algebraic structure similar to the CEMR model and calibrated against the CEMR model. The 
calibration was performed using data fiom 1981 through 1987 (which support both CEMR and 
ETM estimates) for American shad, river herring, striped bass, white perch, and bay anchovy at 
four plants (Bowline Point, Indian Point, Roseton and Danskammer). In addition, a calibration 
was performed for river herring and white perch at the Albany Steam Station using entrainment 
data from 1983. 

Characterization for Historical Conditions 

CMR (note that CMR refers to the rate and CEMR refers to the model) are needed because what 
happened in each year is of interest. Each year-specific estimate should be as accurate as 
possible given the type and amount of data collected for that year-wing CEMR (which is based 
on direct counts of entrained ichthyoplankton) for 1981 through 1987 when entrainment 
abundance data were collected, and ETM for the remaining years. Because the CEMR method 
relies on the most direct source of data for estimating mortality (direct counts of entrained 
organisms), it is the preferred for estimating conditional mortality. 

As discussed previously, the ETM was modified and calibrated against the CEMR model 
to produce a consistent time-series of CMR estimates (including both CEMR-based and ETM- 
based estimates). The modified ETM model represents the weekly conditional survival fraction 
as a product of daily conditional survival fractions, just as the CEMR model does. This is a 
departure from the original ETM, which represents the weekly conditional survival fraction in 
terms of an exponential decay function with a weekly time step. 

For the purpose of characterizing historical power plant effects, year-specific estimates of 

To further increase the degree of consistency between the CEMR-based and modified 
ETM-based CMR estimates, the modified ETM was also calibrated to the CEMR model, The 
purpose of the calibration was to identify W-ratio values (the quotient of average intake density 
of a taxon over the average regional density) which could not be directly estimated &om field 
data, for the ETM that make the ETM-based estimates, on average, equal to the corresponding 
CEMR-based estimates of CMR. 
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U n s a ~ p ~ e d  Areas 

Along with the availability of direct counts of entrained ichthyopldton, the portion of 
the Hudson River that is subject to sampling in each year also affects CMR estimates for the 
historical period. The LRS is the source of data for river-wide abundance estimates used in 
CENR and for river-wide distribution pattern estimates used in ETN. It is a major element of 
the HRMP, which also includes the Fall Shoals Survey (FSS) and Beach Seine Survey ( B S S ) .  
The HRMP uses a stratified random sampling design to allocate samples to locations in the 
Hudson River. For the HRMP, the Hudson River is divided into 13 regions (numbered 0 to 12 
fiom the mouth to Albany) and 5 habitat strata (channel, bottom, shoal, shore and beach). The 
LRS and FSS sample three of these habitat strata (channel, bottom and shoal), whereas the BSS 
smples two (shore and beach). 

regions, the area from River Mile (RM) 125 to RM 140 and the area from RM 140 to RM 152, 
because the northern portion was not sampled by the LRS in all years of the program. All 
together, the 14 regionshbregions and 5 strata of the HRMP define 70 statistical strata, covering 
the entire area of interest from the Battery to the Troy Lock. 

In addition to the defined regions and habitat strata, Region 12 was split into two sub- 

Although the majority of the volume of the Hudson River has been subject to sampling 
by the LRS, not all statistical strata have been sampled in all years. Twenty-seven (27) of the 70 
statistical strata were sampled in all years. Thirty-seven (37) of the statistical strata, including all 
beach areas, shore zones and some shoals, have not been sampled by the LRS, although the 
volume associated with some of these strata is small in comparison to the volume of sampled 

have been sampled in recent years but were not sampled in earlier years. Table X-1 summarizes 
the unsampled strata for the LRS. 

The presence of unsampled areas in the historical database can introduce biases into 
estimates of abundances and distribution patterns used in estimates of CMR. For example, 
excluding the northern- and/or southem-most portions of the River from distribution pattern 
estimates (e-g., as used in ETM) could cause estimates of the fraction of the population 
inhabiting the middle regions of the River to be biased high if fish inhabited that area of the 
River. If this occurred, the ETM would produce over-estimates of CMR. Similarly, excluding 
any area inhabited by a fish taxon and life stage of interest would cause CEMR to over-estimate 
CMR. 

An approach to reducing this type of bias is to use data fiom sampled areas in each year 
to predict the densities in adjacent unsampled areas. The resulting data set would be complete 
for each year-using either an actual density estimate or a predicted density for each of the 70 
statisticd strata. This method could be viewed as an extension of the method used to predict 
densities in unsampled shoal, shore zone, and beach areas. 

In 1986 and 1987, the Utilities conducted special studies in traditionally unsampled 
shoals, shore zone, and beach areas in the Poughkeqsie, Catskills, and Tappan Zee regions. 
Data &om these studies were used to develop adjustment factors used to predict densities in 
unsampled areas based on densities in adjacent sampled areas (Coastal 199la and b). Analyses 
similar to those conducted with data fiom the 1986 and 1987 unsampled areas studies were 

, strak Six (6) of the statistical strata, including Region 0 and the northern portion of Region 12, 
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applied to data collected in areas that were unsampled in some, but not all, years. In 1987, the 
LRS was expanded to sample the northern portion of Region 12, which was not sampled in 
previous years. In 1988, the LRS was expanded further to include sampling of Region 0, which 
was not sampled in earlier years. Data fkom these later years have been used to develop 
prediction equations that could be applied to data from the earlier years. For example, data 
collected after 1986 in the northern portion of Region 12 (coupled with data collected in the 
southern portion of Region 12 in those years) provide a basis for predicting densities in the 
northern portion of Region 12 (based on observed densities in the southern portion of Region 12) 
in years when the northem portion was not sampled. For each year, the entire volume of Region 
12 is then used in estimating river-wide abundances for CEMR, and distribution patterns for 
ETM. These adjusted estimates are used for analyses based on Regions 0 through 12 and for 
analyses based on Regions 1 through 12 only. 

approach are now used as input to abundance indices and for assessments of conditional 
mortality rates using either ETM or CEMR. The standardized annual data sets used for these 
analyses provide a high level of consistency between ETM and CEMR. 

Annual data sets of ichthyoplankton densities that were standardized using this type of 

Changing Environmental Conditions 

The approach discussed above to account for fish inhabiting unsampled areas assumes 
that the relationship between densities in the unsampled area and the adjacent sampled area is 
stationary over time. For example, ichthyoplankton densities in Region 1 could be used to 
predict densities in Region 0 for years prior to 1988 (based on the relationship between densities 
in Regions 1 and 0 during the years 1988 through 1995). This approach would produce a 
consistent the-series of CMR estimates (for the entire historical period) if the relationship 
between densities in Region 1 and Region 0 did not change &om the earlier years of the 
historical period (1 974 through 1987) to the later years (1 988 through 1995). However, as 
discussed below, water quality data collected by the HRMP suggest that a change in 
environmental conditions occurred in the late 1980s that may have affected the relationship 
between densities in Region 0 and Region 1. 

Due to this uncertainty about environmental change, two sets of CMR estimates are 
computed for the years prior to 1988. One set includes predicted Region 0 densities (to reduce 
bias associated with omitting a portion of the river wide fish population from C M R  calculations), 
and one set includes only Regions 1 through 12 (to avoid possible biases due to any change that 
may have occurred in the relationship between Region 1 and Region 0 densities). 

Assessment of Future Effects of Power Plant Operations 

plant operating scenarios, GNLR estimates that reflect representative future conditions (i.e., 
conditions like ichthyoplankton distribution patterns that would affwt entrainment) are desirable. 
Although it is not possible to accurately predict future distribution patterns of ichthyoplankton, 

and the approach presented here is to select historical years that span a range of conditions that 
might be expected in the future. 

For the purposes of assessing the likely future effects of power plants under alternative 
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It can be argued that recent conditions (e.g., 1991 through 1995) better reflect fbture 
conditions than do past conditions (e.g., 198 1 through 1987, or pre-1981). This argument is 
supported by improvements in water quality in the lower Hudson River that occurred in 199 1, 
and may have affected distribution patterns of some species and life stages. These water quality 
improvements appear to be due to upgraded wastewater treatment facilities in the lower Hudson 
River. The North River wastewater treatment plant (WVVTP) achieved full secondary treatment 
in 1991. 

Due to changing environmental conditions in the Hudson River and the inclusion of 
Region 0 in LRS sampling since 1991, CMR estimates from these later years are used to assess 
the likely future effects of alternative plant operating scenarios. 

Approach for Estimating CMR 

Tables X-2a and b summarize the methods for estimating Ch4R for all years of the 
historical period. Estimates for all years were used to characterize the effects of power plants 
during the historical period (1974 through 1995). One set of CMR estimates included 13 
regions. The other set included 12 regions (Regions 1 through 12) for the period 1974 to 1987. 
For both of these sets of CMR estimates, the ETM model was re-calibrated to the CEMR model 
using both 12-region and 13-region analyses. 

CMR estimates for 1991 through 1995 were used to assess the likely effects of fbture 
plant operations. These CMR estimates are based on actual field data for all 13 regions. 

Structure of this Report 

The remaining sections of this report describe the models, the modifications that were made to 
the algebraic structure of ETM, the calibration of the modified ETM, the derivation of additional 

constituent parameters, descriptions of the sources of data for ETM and CEMR, and modeling 
results. Except where otherwise noted, the equations are specific to power plant, year, and taxon. 
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Modeling Methods: Comparison of ETM and CEMR 

Empirical Transport Model  ET^) 

In ETM, the total entrainment mortality ( mT ) is calculated as 

where mr 

S 

Rs 

Ds+ j , k  I = 

E s + j . k l  = 

t 

total conditional entrainment mortality rate; and 

week 1,2,3, ..., ;S of the spawning period (subscript swill also 
denote cohorts born in those weeks); 

age 0, 1,2, ..., J of entrainable individuals in weeks; 

life stage 1,2,3, ..., L ; 

river region 1,2,3, ..., K ; 

proportion of spawning that occurred in week s , so that 

average proportion of river-wide abundance of life stage I 
individuals during week s + j that are in region k, with 

D s + j , k i  = I for each week, cohort and life-stage; 

S 

R, = I ; 
S = l  

K 

k-I 

instantaneous entrainment mortality rate constant for life stage l 
individuals during week s + j in region k (units of per day); 

proportion of week s + j that individuals of cohort s spend in life 
stage I ;  and 

duration in days of week s + j (Le., t = 7). 
This formulation differs slightly fiom the formulation presented by Boreman and 

Goodyear (1988) because it allows for cohort-specific life-stage durations ( Cwsl ) and week- 
specific distribution patterns ( D ,  ) with w = s + j .  

The instantaneous entrainment mortality rate constant is defined as 

E s + j . k t = P s + j , k  f s + j , k l  W s + j . k l /  V k  

where P s + j , k  = rate of water withdrawal fiom region k in week s + j (units of 
m3 d-*); 

&action of life-stage I individuals in region k during week s + j 
entering the intake that eventually are killed by plant passage; 

ratio of the average intake density to average regional density of 
life-stage I individuals during week s + j in region k; and 
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vk - - volume of region k (units of m3). 

In the application of this model to Hudson River data, the region-specific subscripts (k) on the 
terms f s+ j ,  I and W,+ , k  are dropped because the data do not support region-specific estimates 
of these parameters. Also, average values for Ws+j ,k f  , rather than week-specific values, are 
used, and so the week-specific subscript (s+j) is dropped. 

This formulation of the ETM also can be written in term terms of calendar week (w) 
instead of age (j) as 

with w = s +j .  

Conditional Entrainment Mortality Rate Model (CEMR) 

The CEMR model was patterned after the ETM, but was developed to use direct 
estimates of the number of ichthyoplankton entrained available fiom discharge sampling at the 
power plants. The CEMR model is a discrete-time model with a daily time step and does not 
account for any variability in cohort abundance within a day. The parameters s, S and J have the 
same meaning as in ETM except that they are defined in terms of days rather than weeks. For 
each day, two underlying parameters are defined: the river wide abundance of the cohort, and the 
number of individuals in the cohort that die fkom entrainment. The general formulation of the 
CEMR model is 

the river-wide abundance of cohort s on day d; 

the number of individuals in cohort s that are killed by entrainment 
during day d; and 

the proportion of day d that individuals of cohort s spend in life- 
stage 1 ( 

cohort s). 

- where Nds - 
x d s  - - 

6'drl = 
6 d  s f  = I for each day of entrainment vulnerability for 

I 

The daily conditional mortality rate due to entrainment for cohort s (CUR,) is the 
fiactional reduction in the abundance of the cohort due to the presence of entrainment (note that 
CEMR refers to the CEMR model, CMR denotes an estimate of the conditional mortality rate). 
The daily conditional mortality rate is defined as CMRd = Xd / Nd , and the daily conditional 
survival rate (CSR,) is (1 - CMR&). These expressions are based on the assumption that the 
number of individuals that are killed by entrainment in any day does not S i t  the number that 
die fkom natural mortality. The number that die &om natural causes in a day, however, can affect 
the number that die fiom entrainment without Violating this assumption. 
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Due to data limitations, an additional assumption and an adjustment factor are required in 
order to estimate CMR,. Cohort-specific data on river-wide abundance and on the number killed 
by entrainment are not available. Therefore, data that are life-stage specific (but aggregated over 
all cohorts that are in the same life stage) are used as a surrogate for cohort-specific data. The 
assumption is made that the daily conditional mortality rate for individuals in cohort s and life- 
stage I on day d is the same as the daily conditional mortality rate for the entire population of 
life-stage I individuals on day d. The daily conditional mortality rate for life-stage I individuals 
on day d is defined as 

where N d s l  = the river-wide abundance of cohort s individuals that are in life- 
stage I on day d; and 

the number of individuals in cohort s that are in life-stage I and are 
killed by entrainment during day d. 

X d s l  = 

The number of individuals killed ( X d s f  ) is defined as the product of two terms, 

where NEdl = the number of individuals in life-stage I that are entrained on day d; and 

f d l  = 

Therefore, Cs& is defined for estimation as 

the firaction of life-stage I individuals entering the intake on day d that 
eventually are killed by plant passage. 

The ratio of the number entrained to the river-wide abundance is estimated using field 
data collected by two different gear types: ichthyoplankton trawls in the river and pump samplers 
in the power plant discharge canals. Therefore, an adjustment factor is needed to correct for the 
difference in gear efficiencies. The adjustment factor is termed the relative probability of capture 
( wCd1 ), and it includes the quotient of ichthyoplankton trawl gear efficiency ( q l d l )  over pump 
gear efficiency ( qZdf  ) for larvae of life-stagelon day d. As discussed below, w c d i  also 
implicitly includes a term for changes in density due to destruction of larvae (preventing 
identification to taxa of interest) during collection by either gear and by transit through the plant. 

survival rate, the rate can be rewritten as 
'when the w e d l  factor is explicitly included in the formula for the daily conditional 

8 



where N ‘ d /  = N d /  q l d l ,  the measured river-wide abundance of life-stage 1 individuals 

NE:, = NEdr qtd the measured number of life-stage 1 individuals entrained on 

on day d not adjusted for ichthyoplankton trawl gear efficiency; 

day d not adjusted for pump gear efficiency; and 

qldl  / q2d [, the ratio of the gear efficiencies for larvae of life-stage 1 on 
day d. 

P C d  1 = 

Relative probability of capture estimates are taxon, life-stage, and length specific. 
Therefore, for each day d, m C d /  is assigned a value, WeIc , where RpCIc 

is the relative probability of capture for life-stage 1 individuals in length class c and the mean of 
life-stage I individuals on day d is within length-class c. 

in the DEIS is 
With these two modifications to address data limitations, the full CEMR model as applied 

The pclC factors for striped bass and white perch yolk-sac larvae (YSL) and post yolk- 
sac larvae (PYSL) are taken from an earlier field study at Indian Point (Coastal, 1991a). The 
RPC factors for PYSL bay anchovy were computed using data from a 1988 RPC study at Indian 
Point and the methods described in Coastal (1991a). In the field studies, it was not possible to 
separate the effects of relative gear efficiencies and changes in observable ichthyoplankton 
density due to larval destruction within the gears or cooling system. Therefore the estimated 
wcrc factor adjusts for the combination of these effects. When applying the wcrC factor 
values in the calculation of the CEMR model estimates, distinguishing between these effects is 
not necessary because the larval counts are affected by, and need to be adjusted for, all of the 
effects present when the pcrC values are estimated. 

For the remaining life stages of bay anchovy, striped bass and white perch, and for all 
stages of American shad and river herring, an pcdr value of 1.0 is used. No estimates are 
available for the eggs or juveniles of American shad, striped bass, or white perch, nor for any 
stages of river herring, Atlantic tomcod, or spottail shiner. American shad estimates for yolk-sac 
larvae and post yolk-sac larvae are available from the field study, but because the relationship 
behveen the welc estimates and the length of the larvae could not be explained in terms of 
factors thought to affiit relative probability of capture (e.g., gear avoidance and extrusion), an 
w C d  value of 1 .O is used in the present CEh4R calculations for all lengths of these stages of 
American shad larvae. For each taxon, life-stage and length, the value for wedt ,  derived for 
Indian Point, is applied for all plants. 

Model Comparison 

i 

Although the CEMR model is based on a discrete one-day time step, the daily conditional 
mortality rate can be interpreted in terns of a continuous-time model (within each day) with 
competing sources of mortality. The continuous-time model is based on the assumption that 
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during any day both natural and entrainment mortality act on the individuals at risk. The 
reduction in the number of individuals at any time during the day reduces the number that can be 
entrained subsequently during the day. The ETM is also based on this type of continuous-time 
model for mortality. Under this assumption, the number of individuals entrained ( f d  ) can be 
represented as 

E d  s 

the river-wide abundance of cohort s at the beginning of day d; 

the mean instantaneous entrainment mortality rate (per day) for individuals 
of cohort s on day d; and 

the mean instantaneous natural mortality rate (per day) for individuals of 
cohort s on day d. 

_. 

k f d s  - 

Equation (10) is the Baranov catch equation (Ricker, 1975) for single age groups as applied to 
entrainment mortality. 

river-wide abundance over day d ( 
The daily river-wide abundance as used in CEMR can be interpreted as being the average 

) and represented as 

(1 1) -( Edr + M d s )  , 
Nd.hr=O ( E d t  i- k f d s f '  [ I - e 1 - - 

In this case, the daily conditional mortality rate as computed for CEMR could be interpreted as 
C M - * ~  = f d  / N * ~  I = and would be equal to the instantaneous entrainment mortality rate 
rather than the fraction of the abundance lost to entrainment over a discrete t h e  interval. If the 
assumptions of this continuous-he model are satisfied, the conditional survival rate (as a 
&action) would be computed as CSR*~ = exp (-xWds / N*~,) rather than CSR~ = I - & / N d  . 

rate is small, although the discrete-time formulation of the daily conditional survival rate (in 
CEMR) always produces lower values of conditional survival than the corresponding 
continuous-the formulation (in ETM), and hence produces higher conditional mortality rates. 
For example, with a daily conditional mortality rate of 0.01, the daily conditional survival rate 
for the discrete-time model is 1 - 0.01000 = 0,99000 compared to exp (-0.01000) = 0.99005 for 
the continuous-time model (Figure X-1). If a cohort were exposed to a daily conditional survival 
rate of 0.01 for 60 days, the overall conditional survival rate would be (0.99000)~ = 0.547 for the 
discrete-time model and (0.99005)~ = 0.549 for the continuous-time model (Figure X-2). 
Average daily conditional mortality rate estimates ( X d  / N d  ) Computed separately for each 
taxon (American shad, river hening, striped bass, and white perch), fife stage (egg, yolk-sac 
larvae, post yolk-sac larvae, and juvenile), and power plant (Bowline Point, Indian Point and 
Roseton) over all days of entrainment vulnedility for 1981 and for 1983 through 1987 are less 
than 0.01 with one exception. The average estimate for striped bass post yolk-sac larvae at 

These two foxmulations produce very similar values when the daily conditional mortality 
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Indian Point was 0.022. For values fkom close to 0 up to 0.022, the discrete-time and 
continuous-time models produce nearly equal conditional survival rate estimates (Figures X- 1 
and X-2). 

General Model of Conditional Entrainment Mortal i~ Rate 

The Type I ETM and CEMR model can be viewed as special cases of a general model. 
For comparison, the ETM convention of weekly cohorts is adopted. The annual conditional 
mortality rate is represented as a weighted average of cohort-specific conditional mortality rates 
( mr ). Accordingly, the weighting factor for the weighted average is R, , the proportion of the 
total spawn that occurred in week s, so that 

Each cohort-specific conditional mortality rate is equal to one minus a product of weekly 
conditional survival rates: 

Each weekly conditional survival rate depends on the fiaction of the week spent in each life- 
stage, as represented by the general formula 

(14) 
L 

csRrw'r]i( ?%%dew,l 
l = I  
- where CSRd E w.1 = the average daily conditional survival rate for life-stage I 

individuals in week w; 

d e w  - _. day d within week w; and 

S d s l  - - 7 cwsl (&om equation 1). 
d r w  

The general model for overall conditional mortality rate can then be represented as 

The ETM and CEMR models diEer in the way that the weekly condutional survival rate is 
estimated. In ETM (equation 3), the weekly conditional survival rate for individuals Grom cohort 
s for the portion of the week spent in life-stage I is defined as a weighted average of region- 
specific, weekly conditional survival rates: 
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In the CEMR model (equation 4), the weekly conditional survival rate for individuals fiom 
cohort s, for the portion of the week spent in life-stage I ,  is defined in terms of the product of 
daily conditional survival rates: 

Equations (16) and (1 7) estimate the same parameter of the general model (equation 15) 
in different ways. In the ETM, weekly conditional survival rates are estimated from data on the 
river-wide distribution pattern of fish larvae. In CEMR, they are estimated fiom direct samples 
of entrained larvae. The difference in equations (1 6) and (1 7), therefore, captures the major 
difference between the ETM and the CEMR approaches to estimating CMR. 

Modified ETM 

with CEMR-based estimates, the algebraic structure of ETM is modified to be more like the 
algebraic structure of the CEMR model. The modification was made to the definition of the 
weekly conditional survival rate. The modified definition of the weekly conditional survival rate 
for individuals from cohort s, for the portion of the week spent in life-stage 1 is 

In order to produce conditional mortality rate estimates based on ETM that are consistent 

and the resulting modified ETM is 

The modified ETM retains the major features of ETM. The fi-action entrained is still 
defined in terms of a weighted average of region-specific ratios of (1) the volume of cooling 
water withdrawn from a region to (2) the volume of the region. The weighting factor for each 
region is the proportion of the river-wide abundance that is in the region. Like the CEMR model, 
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the modified ETM does not adjust the daily fraction entrained for continuous reduction of 
abundance due to entrainment within the day. The modified ETM and the CEMR models are 
similar in both algebraic structure and component parameters (Table X-3). 

Cali~ra~i~n of Modified ETM 

The modified ETM is calibrated using intermediate calculations fiom the CEMR model 
and availabIe data from I98 1 through 1987 (no data were available for Danskammer in 198 1 nor 
for Indian Point in 1982). The calibration is accomplished by estimating W,+k ( W-ratio) from 
the conditional survival rates as defined for the two models. Precise estimates of the W-ratio 
have always been problematic, therefore this term is chosen for calibration. 

Based on the approximate equality of the conditional survival rate terms ( mdaw,l) used 
in the two models (equations 17 and 18), 

fiom which 

Since the W-ratios are not affected by the through-plant mortality rate, equation (21) was 
simplified by setting the through-plant mortality rate ( f wl  ) equal to 1 in both the CEMR and 
ETM formulations of C S R ~ ~ , , , ~ .  PIant-specific, weekly W-ratios were then estimated as - 

where hats denote estimates. 

were computed by year @) as weighted averages of the arc-tangent transformed week-specific 
estimates with weights being relative measures of exposure to entrainment: 

W-ratios averaged over all years were computed in two steps. First, average W-ratios 

Then overall average W-ratios ( @[ ) were computed as simple averages of the year-specific 
averages: 

where n, is the number of years with year-specific averages. 
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Parameters and Data 

Parameters Addressed 

This section addresses methods and data used to estimate model parameters listed in 
Table X-3. Table X-4 presents definitions, and identifies the equations using the Table X-3 
parmeters. The parameters and data can be roughly divided into two groups--those that are 
based on facilities and data collected on plant operation and those that are based on data collected 
on fish populations. 

Plant Operation Parameters and Data 

For both the CEMR model and the ETM models the plant operations data sets originally 
constructed for the June 1993 DEIS were used for years covered by that version of the DEIS 
(1974 to 1991). For the year's 1992 through 1995 data were acquired from a variety of sources. 
The plant operation data sets are described on a per-facility basis later in this in section. 

transit time (exposure duration) for each power plant. The ETM, like the CEMR model, requires 
flow rates (weekly rather than daily), intake and discharge temperatures, and exposure duration 
from each facility. The same plant operation data sets were used for the CEMR and ETM 
estimates for the Bowline Point, Danskammer, Indian Point and Roseton power plants for the 
years with entrainment sampling. 

Fish Population Parameters and Data 

The CEMR model requires daily flow rates, intake and discharge temperatures, and 

For each species addressed, ETM requires estimates of relative regional abundance by life 
stage, relative cohort size, life stage duration, combined thermal and mechanical mortality rates, 
and relative density in withdrawn water relative to the overall region. CEMR requires estimates 
of the densities of entrained organisms by life stage, mechanical and thermal mortality rates, life 
stage durations, and daily river-wide abundances. 

Vk-- Table X-6 presents the volumes of the river segments as obtained from the utilities' 

L and J.--The life stage at any age ( I ,  with a maximum of L )  and the maximum age at 

year class reports. 

which a fish species could be entrained (J) were obtained or estimated using published data on 
life stage duration and growth. 

The duration in days of each life stage was based on (1) values from Boreman et al. 
(l982), (2) equations predicting duration as a function of water temperature, or (3) a review of 
the literature to estimate the age at which juveniles became too large to entrain (Table X-7). 

Life stage duration was predicted from water temperature (HRU, 1988d) for the egg and 
YSL life stages for American shad and striped bass and for the egg stage of white perch. For 
American shad, an exponential model was fit to data from Table 20 in Boreman (1983). The 
resulting equations are 

LE=exp(4.118164)xexp(-0.127013xT,) and 

Lr = exp(3.006309) x exp(-0.088367 x T~ ) 
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where 

LE and Ly = duration in days of the egg (E)  and YSL (Y) life stages; and 

T~ and T~ = river-wide water temperature, averaged over regions and strata 
weighted by the estimated abundance of egg (E) or YSL (Y). 

If temperatures were outside the range of the experimental data (< 12EC for egg and YSL, > 
27EC for egg, and > 17EC for YSL), then T E  or TY was set equal to the nearest experimental 
value. 

For striped bass, the following equations fiom Boreman (1 983) were used: 

L~ = 10.77 x exp(-0.0934 x rE) and 

Ly = 14.95 - (0.453 X Ty) . 
For white perch YSL, the following equation from Boreman (1981) was used: 

LE = exp(2.635925) x exp(-0.105852 x T E )  . 
If temperatures were outside the range of the experimental data (< 1 1.1EC or > 25EC), then T E  
was set equal to the nearest experimental value. 

For Atlantic tomcod and bay anchovy, all life stage durations were taken fkom Boreman 
et al. (1 982). For spottail shiner, only the maximum age of entrainable juveniles was needed. 
This was estimated as the difference between age at maximum entrainable size and age at 
metamorphosis from PYSL to juvenile. 

the literature. The largest larval size reported was 14.25 mm (Scott and Crossman, 1973), and 
the smallest juvenile reported in several years of sampling at a mid-westem lake (McCann, 1959) 
was 13 mm. Length at metamorphosis was therefore assumed to be 14 mm. Length-at-age data 
were available only for emerald shiner-a linear regression on the emerald shiner data predicted 
age at 14 mm to be 22.6 days (p ## 0.004). 

Spottail shiners were not measured during entrainment sampling, so a conservative 
estimate of 60 mm (the maximum over all species for which length data were available) was used 
as the estimate of the maximum entrainable length. Spottail shiner juveniles reached 60 mm in 
length 3 to 4 months (90-120 days) after spawning (McCann, 1959), and the average of 105 days 
was assumed to be the age of juvenile spottail shiners at 60 mm of length. 

Assuming age at metamorphosis to be 22 days, and age at maximum entrainable length to 
be 105 days, the life stage duration of entrainable juveniles is 83 days. The slowest reported 
growth rate in the literature for spottail shiner juveniles was 0.63 &day (McCann, 1959), 
which give an estimate of 73 days to grow from 14 to 60 mm. Using an estimated life stage 
duration of 83 days should be a conservative estimate that should somewhat overestimate the 
length of exposure to entrainment mortality and thus the total effect on the population. 

The age of spottail shiner at metarnorphosis fkom PYSL to juvenile was not available in 
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S and &-The week of the spawning period is represented by s, and the maximum 
number of weeks in the spawning period is represented by S. Because weekly cohorts are 
defined by the week in which they were spawned, weekly cohorts are also represented by s and S. 
The temporal distribution of spawning across the spawning period determines relative cohort 
size, which is expressed by R,, the proportion of spawning that occurred in week s. 

For American shad, bay anchovy, river herring, striped bass, and white perch, the relative 
size of each daily egg cohort was calculated as described for the CEMR model and then summed 
over days within each week to convert to a weekly time step. 

For Atlantic tomcod, cohort size was based on YSL rather than eggs. The LRS did not 
begin sampling early enough in the year to provide an empirical estimate of YSL abundance in 
198 1 - 1987. The two years with the earliest LRS sampling were 1976 and 1977. For each of 
these years, relative weekly Atlantic tomcod YSL cohort size was estimated as described earlier 
for egg cohorts, then averaged over years. The total period of YSL presence in the river was 
&om week 8 to week 16 (where week 1 begins with the first Monday of the year), but the last 
three weeks accounted for less than 0.1 % of all YSL. Given that the last significant numbers of 
YSL occurred in week 13 and assuming a 4-week life stage duration for YSL (Boreman et al., 
1982), the last cohort would have matured from egg to YSL in week 10. Relatively few YSL 
were collected in the first week when data were available (6% of the total, compared to 2 1.5% in 
the next week), but it was possible that YSL first appeared prior to the first week of LRS 
sampling (week 8). Assuming that this is the case, on average four weekly cohorts of Atlantic 
tomcod occur, beginning in week 7 (approximately February 15). In the absence of information 
on relative cohort size, equal size was assigned to the four cohorts ( ip, = 0.25 for all cohorts). 

For spottail shiner, no adequate data were available on eggs or larvae that could be used 
to estimate cohort number and size. Spawning in Lake Erie has been reported as occurring in 
late June or early July, with ripe females reported on May 15 (Scott and Crossman, 1973). A 
total of 6 weekly cohorts were assumed to occur beginning in the first week of June, with each 
cohort being of equal size ( R, = 0.167 ). 

6hl -This parameter is the proportion of day d that individuals of cohort s spend in life 
stage 1. Life stage duration estimates (Table X-7) were used to estimate the proportion of each 
day spent in each life stage for each daily cohort ( S,, ). For the weekly time step in the ETM 
model, 

where 

S,, = the proportion of week w that weekly cohort cW spends in life 

6&,, = the proportion of day d that daily cohort c d  spends in life stage I; 
stage l; 

qw = the total number of daily cohort-days in week w; 
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Sd E w are all daily cohorts present in week w, and d E w are all days in 
week w. 

Ndrl and liPCcTable X-4 defines N& and RPC@ For any species, the river-wide 
abundance of cohort s individuals that are in life-stage E on day d (N,,J is determined &om data 
on the density of individuals in the river, estimates of the relative probability of capture of gear 
(WCdJ,  estimates of weekly survival rates, and information on life stage duration. The 
derivation of these quantities is described below. 

river sampling program chosen as being most appropriate for each species and life stage. Data 
were used fkom the LRS (HRU, 1988c, 1989a), BSS (HRU, 1988c, 1989a) and FSS (HRU, 
1988c, 1989a). For the entrainable juveniles a combination of programs was often used (Table 
X-8). In general, river-wide estimates were based on estimates for portions of the river defined 
by region ( 12 regions covering river miles 12 to 152, or 13 regions covering river miles 0 to 152) 
and strata (defined by water depth). 

For most species, river-wide abundance estimates for the egg, YSL, and PYSL life stages 
were made using the LRS program (Table X-8). The following volume-weighted average of 
abundance estimates by region and strata was used: 

River-wide Abundance (N,,)--River-wide abundance was estimated using data from the 

where 

N u  = 

NIdkh = 

V w  = 

and 

Qm = 

the river-wide abundance of life stage 1 on day d; 

the abundance of life stage E on day d in region k and strata 
h; and 

the water volume of stratum h in region k, 

the density of life stage 1 on day d in region k and stratum 
h; 

and 
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where 

vdkhi = 

the number caught in sample i on day d in region k and 
stratum h of organisms in life stage I ;  and 

the volume of sample i on day d in region k and stratum h. 

Daily density estimates were calculated fiorn LRS data sets for each date sampled by the LRS. 
Missing dates were then filled in using linear interpolation within each region and stratum. 
Densities in unsampled strata within each region were then estimated as 

where 

klh = a coefficient used to estimate density in stratum h based on density 
in stratum h * . 

In regions 1 through 4 and 6 ,  density in the shore strata (6 to10 feet deep) and beach 
strata (1 to 5 feet deep) were estimated fiom the density of the shoal strata (10 to 20 feet deep). 
In regions 5 and 7 to 12, density in the shore, shoal, and beach strata were estimated fiom the 
density of the bottom strata (> 20 feet deep, within 10 feet of the bottom). Table X-9 presents 
coefficients by species, life stage, and stratum. 

Prediction equations were developed for predicting ichthyoplankton densities in Region 0 
based on observed densities in Region I .  Separate analyses were conducted for each taxon, life 
stage and stratum. The prediction equations had the following mathematical form: 

where density in Region 0 in week w; and 

density in Region 1 in week w. 

The coefficients, CXI and p , were estimated using linear regression and data &om all years and 
weeks in which both Region 0 and Region 1 were sampled. A prediction equation was kept only 
if the regression was statistically significant with a probability level less than 0.05. Table X- 1 Oa 
lists the estimated coefficients for the significant prediction equations. 

portion of Region 12 based on the observed densities in the southern portion of Region 12. 
Table X-lob presents the estimated coefficients for the significant prediction equations fiom 
these analyses. 

The same method was used to develop equations for predicting densities in the northern 

For both the Region 0 and Region 12 analyses, an assessment was conducted to 
determine whether covariates (Le., conductivity, dissolved oxygen or temperature) would 
improve the predictions. For both sets of analyses, the inclusion of covariates did not 
significantly improve the predictions. Therefore, covariates were not included in the prediction 
equations. 

Once regional densities had been estimated, the water volume for the entire region was 
used when needed as either a weighting factor or multiplier to obtain river-wide abundance. 
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For American shad, bay anchovy, striped bass, and white perch a PYSL-based projection 
was used as the initial estimate of juvenile river-wide abundance (Table X-8). For river herring 
the juvenile abundances based upon the LRS program were used as the first estimate. The river- 
wide abundances of juvenile Atlantic tomcod and spottail shmer were not estimated, because the 
CEMR model is not used for these species. The estimation of the distribution of these two 
species among regions, required by the ETM model, is discussed in a later section. 

The gear used in the LRS was not designed to fully sample the juveniles of American 
shad, bay anchovy, striped bass, white perch, or the river herring. The nets are too small and 
towed too slowly for these larger larvae, and gear avoidance is likely leading to underestimates 
of the number of these individuals in the river. However, the LRS was judged to do an adequate 
job of sampling the juvenile stage of these species for the purpose of estimating the proportion of 
juveniles in the various regions of the river for the ETM model, and as the beginning step in 
estimating the river-wide abundance of river herring juveniles for the CEMR model. The FSS 
and BSS programs start too late and use field-sampling methods designed for collecting juveniles 
predominantly larger than the entrainable size of interest. Therefore, neither of these programs 
could be used directly to estimate entrainable juvenile abundance. For American shad, bay 
anchovy, striped bass, and white perch the abundance of juveniles is initially made using the 
PYSL-based projection, and then revised using data fiom the FSS. For river herring the revision 
using the FSS data is applied to the estimates ofjuvenile abundance arising directly fiom the 
LRS . 

The PYSL-based projection results in an estimate of juvenile abundance based upon the 
estimated sizes of the PYSL cohorts and the PYSL survival rate: 

where 

PROJN,,,, = the projected daily abundance of juvenile fish in week w (day 
represented as a fiaction of week); 

O P  - - the estimated weekly survival rate of PYSL for the year if a 
sufficient number of cohorts were present (if not the mean of all 
other years estimated weekly PYSL rates was used); 

zp = 

N ~ ,  = the estimated initial riverwide abundance of PYSL cohort s. 

the duration of the PYSL life stage; and 

The initial river-wide abundance of PYSL cohort s ( jvPs) and the PYSL survival rate for 
the current year ( oP ) were estimated using the model 
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where / 
I jvp, = the observed weekly PYSL river-wide abundance in week w; 

N~~ = the estimated river-wide abundance of PYSL cohort s in its first 
week; 

op = the estimated weekly survival rate of PYSL for the year; and 

x,, = 1 if cohort s is present during week w. 

The solution to this model was found using non-linear regression. The first week when the 
cumulative abundance of the PYSL life stage exceeded 5% of the annual total was designated as 
the week of the first cohort. The last cohort was identified by counting back zP weeks (the 
PYSL duration) from the last week when the PYSL stage was found in the river. The total 
number of cohorts for the year is then found by counting from the first cohort to the last cohort. 
If the LRS sampling program sampled two or more cohorts during the year then both the initial 
river-wide abundance of PYSL cohort s ( jvPs) and the PYSL survival rate for the current year 
( op ) were estimated. If there was only one cohort, or if the initial regression model for the 
species and year did not yield a reasonable solution for gp (e.g., estimated = l), then the average 
of all of the op values fkom years with solutions was placed into the model, and this modified 
model was then solved to find estimates of the initial river-wide abundance of PYSL cohorts 
( N P ,  'SI. 

The PYSL-based projection is a conservative estimate of the abundance of the juveniles, 
because the lower PYSL survival rate is used as a surrogate for the higher survival rate of the 
juvenile stage of the species. 

FSS revision is based upon a simple premise-the river-wide estimate of the number of older 
juveniles from the FSS must be less than or equal to the river-wide abundance of the juveniles of 
that species earlier in the year. Therefore, for a given week, if the FSS data resulted in a higher 
abundance than the initial estimate, then the FSS estimate was used for that week and earlier 
weeks of lower juvenile abundance. As stated earlier, the initial estimates for American shad, 
bay anchovy, striped bass, and white perch were made based upon the PYSL projection, while 
the initial estimates for river herring were made based directly upon the juvenile counts in the 
LRS data. 

Relative Probability of Capture (RPC)--Table X- 1 l a  summarizes the RPC values for 
striped bass and whte perch from the Coastal (1 991a) study, while Table X- 1 lb  presents the 
RPC factors for bay anchovy. 

abundance of life stage I individuals that are in region k (DwH) is determined from two 
quantities-(l) the river-wide abundance of life stage Z at any time; and (2) the proportion of the 
river-wide population of that life stage at that time that is in each region k. The derivation of 
river-wide abundance is discussed in the previous section. Calculation of the distribution by 
region is described below. 

1 

The FSS data were then used to revise the initial estimates ofjuvenile abundance. The 

DwrTable X-4 defines D,. For any species, the average proportion of river-wide 
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The relative abundance by region is represented as: 

k 

where 

u I w k  = the proportion of the river-wide population of life stage 1 in week w 

N l W k  = the abundance of life stage in week w in region k. 
that is in region k; and 

For each species, urwk was estimated for each week that data were collected by the 
sampling program appropriate to life stage 1. For American shad, river herring, striped bass, and 
white perch, the regional abundance estimates were calculated for the egg, YSL, PYSL, and 
entrainable juvenile stages as described in the River-wide Abundance section. For Atlantic 
tomcod the abundances of YSL, PYSL, and entrainable juvenile stages were calculated using the 
same methods, however the regional abundances were used only as an intermediate step in the 
calculation of the regional distribution pattern. For spottail shiner only the distribution of the 
entrainable juvenile stage was estimated, and this was done using the BSS data: 

where 

N y w k  = the relative abundance ofjuveniles in week w in region k; 

Bywfi = the total catch of juveniles in haul i in week w, region k; 

n w k  - - the total number of beach seine hauls in week w, region k; and 

vk = the area of the water within the shore stratum in region k. 
Within a given region during a year, there are no missing u,,,,~ values for dates falling 

between the first and last days of sampling of that region for the applicable program (BSS for S S  
juveniles, LRS for all others). This is because the regional densities, upon which the regional 
distributions are based (via the regional abundance estimates), were “filled-in” across dates using 
linear interpolation. However, in some years regions were totally left out of the sampling or 
were not sampled early or late in the program. In these cases, u [ w k  values may be missing for all 
or some regions during a given week. 

For any week with a missing U k k  value a substitute value was used. The substitutions 
were based upon, as detailed below, the values contained in a data set of the “average” regional 
distributions for each week. The averages contained in this data set were calculated using all 
available years of sampling from the applicable program. For a given week (1 to 52), data tiom 
all years with all regions sampled during that week were used to calculate an overall mean 
uiwk value for that week. To ensure these weekly values still summed to 1 for the river as a 
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whole, these averages were standardized by summing within the week and dividing each regional 
u[wk value by the river-wide sum. 

If the substitution data set had non-missing ut,& values for a week in which all of the 
year-specific regional values for ufwk were missing, then the entire set (all 12 or 13 regions) of 
UIwk values for that week from the substitution data set was used. If ody  some of the regions 
had missing values, then the non-missing ulwk values were first re-scaled so that their sum 
matched the sum of the same regions within the substitution data set, then the year-specific 
missing values were directly replaced with the values from the substitution data set. For 
example, assume in a given year that regions 1 through 3 were not sampled during a week late in 
the LRS sampling program. The u l w k  values for regions 1,2, and 3 would be missing, but the 
initial uiwk values for the remaining regions (4-12) would be non-missing, and would be a better 
estimate of the distribution of the larvae among regions 4 to 12 than the corresponding values 
from the substitution data set. Further assume that the total proportion for regions 4 to 12 in the 
substitution data set is 0.8 (of the total of 1 .O river-wide). Using this method, each of the urwk 
values for regions 4 to 8 would be divided by 0.8 so that their sum would be 0.8 as it is in the 
substitution data set. Since the current year’s non-missing values have been re-scaled; the values 
for regions 1 to 3 from the substitution data set could then be directly substituted. 

wl 

density ( W! ) adjusts for non-uniform distribution of fish in the river. For American shad, bay 
anchovy, river herring, striped bass, and white perch at Bowline Point, Indian Point, Roseton and 
Danskammer, wVr values for 12 and 13 regions were estimated based on a calibration of the ETM 
and CEMJZ models (Tables X-12a, and X-12b). For river herring and white perch at the Albany 
Steam Station, a calibration was pedormed based on data from the Albany Steam State Pollution 
Discharge Elimination System (SPDES) (LMS, 1984d). For all other species and plants, yVr was 
assumed to be 1 .O for all life stages. 

The ratio of the average plant intake density of a given life stage to the average regional 

The rate of water withdrawal fkom any region k in any week was calculated from the rates 

Albany Steam Station-Daily flow values for 198 1 through 1985 were keypunched from 

of water withdrawal by the following facilities. 

Discharge Monitoring Worksheets. Monthly average flows in 1986 and 1987 were obtained 
from the computer file provided by NYSDEC (1993). A SAS computer file was created 
containing daily flow in m3/day for 198 1 - 1987, assigning the monthly average value to each day 
of the month in 1986 and 1987. 

Bowline Point.-Flow data at Bowline Point for March through September were 
provided by the utilities for each year from 1981-1987 @RU, 199Ob). For 1981-1985, plant 
flow rate by unit was computed for each hour during the day from the plant operating condition 
(pump and condenser configuration). Table X- 13 summarizes the flow resulting fkom each 
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condition. For 1986 and 1987, flow rate data were only available by unit on an average daily 

For January-February and October-December, average monthly flow rates were 
keypunched &om tables in annual impingement reports (LMS, 1982b, 1983b, 1984b, 1985b, 
1986% 1987% and 1988b). The flow rate on each day of the month was assumed to be equal to 
the average daily flow rate for the month. 

I i basis. 

Danskammer.-The average monthly combined-unit flow rate at Danskammer for 1982- 
1987 was keypunched fiom tables in annual RosetonlDanskammer impingement reports (LMS, 
1983% 1984% 1987c, 1988d7 EA, 1985b, and 1986). No entrainment sampling took place in 
1981, and so no flow data were required for that year. The flow rate on each day of the month 
was assumed to be equal to the daily average for the month. Per-unit flow was estimated by 
assuming that the total flow was distributed among units in proportion to their maximum flow 
capacity: 

p i " p p i x p c  
P P i  

i 

where 

pi = flow rate (m3/sec) at unit I; 

ppi = full-capacity flow rate at unit i, where pp, = pp2 = 2.55 
m3/sec, pp3 = 4.92 m3lsec, Fc4 = 9.00 m31sec; and 

P C  = the combined-unit flow rate. 

Indian Point.-Daily flow data at Indian Point for all of 198 1 and for May to mid-August 
for 1986-1987 were provided by the utilities (HRU, 199Od). Average daily flow rates by unit for 
1983-1985 were taken fiom tables in entrainment reports @A, 1984 and 1985% NAI, 1987). 
Missing data were filled in using monthly average flow for the combined units, with a few still- 
missing values keypunched from entrainment reports (NAI, 1987,1988). The flow rate on each 
day of the month was assumed to be equal to the daily average for the month. 

Lovett Generating Station.-Average monthly combined-unit flows (1 98 1-1 982) or daily 
per-unit flows (1983-1987) at Lovett were keypunched fiom tables in annual impingement 
reports (LMS, 1982c, 1983c, 1984c, 1985c, 1986b, 1987b, 1988~). The flow rate on each day of 
the month was assumed to be equal to the daily average for the month. Flows by unit in 1981 
and 1982 were estimated by assuming that the total flow was distributed among units in 
proportion to their maximum flow capacity (unit 3 = 15.9% of the total, unit 4 = 39.2%, and unit 
5 = 44.9%). 

Rosetun.-Flow data at Roseton for March through September were provided by the 
utilities for each year fiom 1981-1987 (HRU, 199Of). For 1981-1985, plant flow rate by unit was 
computed for each hour during the day from the plant operating condition (pump and condenser 
c o n f i ~ t i o n ) .  Table X-14 shows the flow resulting fiorn each condition. For 1986 and 1987, 
flow rate data were only available by unit on an average daily basis. 
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For January-February and October-December, average monthly flow rates for combined 
units were keypunched from tables in annual impingement reports (LMS, 1982% 1983% 1984% 
1987c, 1988d, EA, 1985b, and 1986). The flow rate on each day of the month was assumed to be 
equal to the daily average for the month. 

Empire State Plaza.-Average daily flow rates by month from April 1986 through 
December 1987 were available in a computer file (NYSDEC, 1993). For a few additional 
months (June-August 1981 and May-September 1985), Discharge Monitoring worksheets 
provided monthly average flow rates. No flow data were available for other months in the 1981- 
1987 window. For months when data were available, a computer file was created that contained 
daily flow rates in m3/day, where the daily average for the month was assigned to each day of 
that month. 

Westchester MSCU.-Neither daily nor monthly flow data from 198 1 - I987 were 
available for Westchester RESCO. Analyses were therefore run assuming the maximum 
permitted discharge rate of 38,000 gallons per minute (Table X-5). Daily flow rates (in m3/day) 
were assumed to be equal to the maximum rates. 

Facility-Specific Proportion of Water Withdrawn 

For each facility that withdrew more than 50 mgd of Hudson River water (Table X-5), 
ETM required the facility's proportion of total water withdrawal that originated in each region of 
the river. Table X-15 summarizes these values. 

fa 

This parameter expresses the fiaction of life stage I individuals that enter an intake on day 
d and eventually are killed by plant passage. The fractions of individuals killed were calculated 
from the instantaneous through-plant mortality rate. That rate has two components, the thermal 
mortality rate and the mechanical mortality rate. Mechanical mortality rates were estimated from 
empirical entrainment survival studies. Thermal mortality rates were estimated fiom discharge 
temperature and duration of exposure (transit time). 

Through-plant mortality rates used in the ETM model were calculated for each facility as: 

where 
- 

mlw - the through-plant mortality rate of an entrained organism in 
life stage 1 in week w; 

the thermal mortality rate for life stage 1 in week w; and 

the mechanical mortality rate for life stage 1 in week w. 

For American shad, Atlantic tomcod, river herring, spottail shiner, striped bass and white 
perch, daily rates were estimated as described above and then averaged over days within weeks, 
weighted by daily flow rates. For bay anchovy, 100% through-plant mortality was assumed. 
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~ e ~ ~ a ~ i c a l  Mortality 

Mechanical mortality rates for each species and life stage were estimated based on 
empirical entrainment survival studies. The data used were compiled from studies using either 
pumped or flume collection gear at Indian Point @ump gear in 1978 and 1979, flume gear in 
1979,1980, and 1988; EA, l979,1981b, 1982,1987), Roseton (pump gear in 1977,1978 and 
1980, flume gear in 1980; EA, 1980,1983), and Bowline Point @ump gear in 1979 and 1979, 
flume gear in 1979; EA, 198 la). Fish collected at intake and discharge sampling locations were 
classified as live or dead, with "stunned" fish counted as dead. 

For each combination of plant, gear, year, species and life stage, data were used only if 
the survival rate for samples collected in the intake was greater than 0, and only if the total 
number collected in the discharge was large enough that at least one surviving fish would be 
expected based on intake survival rates. The mechanical mortality rate due to entrainment was 
estimated as the ratio of survival in discharge samples to survival in intake samples to correct for 
mortality due to the sampling procedure itself. The method is 

- O D  m M - l - -  
Of 

where 

oI = the survival rate in intake samples (total living / total collected); 
and 

i 
= the survival rate in discharge samples. 

Mechanical mortality rates were weighted by the inverse of their variance before 
avenging over gear and year: 

where 

wt = the weight used in averaging over gear and year; 

BI = the total number of organisms collected in intake samples; and 

B~ = the total number of organisms collected in discharge samples. 

Due to frequent zero survival rates for river herring (leading to undefined variance), the weight 
used for henkg was based on sample sizes only: 

1 

w t = (  $ + $ ) +  
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Data were pooled over all plants due to the absence of sufficient data to provide accurate 
plant-specific estimates. Adequate empirical data were available to provide estimates for: 
0 

0 herring PYSL; 

0 minnowPYSL; 
0 

0 

Herring (American shad, blueback herring, and alewife) were treated as one species. Adequate 
data were not available for spottail shiner, but it was assumed that spottail shiner mechanical 
mortality rates were equal to those estimated for Ominnows". For herring and spottail shiners, the 
PYSL mortality rate was assumed to be valid for YSL and juvenile. Similarly, for white perch, 
the PYSL rate was assumed to be valid for YSL. For all species, egg mortality was assumed to 
be 1 .O. Table X-16 presents mechanical mortality estimates. 

Thermal Mortality 

Atlantic tomcod YSL, PYSL, and juvenile; 

striped bass YSL, PYSL, and juvenile; and 

white perch PYSL and juvenile. 

Thermal mortality was estimated using a double hinged line model based on exposure 
temperature (discharge temperature and duration of exposure for each unit, each plant). A double 
hinged line model specifies a function such that the h c t i o n  takes on a constant value (0 in this 
case) when the value of an independent variable is less than a lower boundary and a different 
constant value (1 in this case) when the value of the same independent variable is greater than an 
upper boundary as follows: 

O i f  T o  < X I  
I if To> Xt 
mT * otherwise 

mT 

and 

m ~ = [  x2- XI ]17D-xII 

(43) 

where 

M ~ *  = the thermal mortality rate for a given species and life stage; 

TD the discharge temperature (EC); 

xI = the lower temperature boundary (EC) for the double hinged line 
model; and 

xZ = the upper temperature boundary (EC) for the double hinged line 
model. 
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For striped bass, boundary values were estimated using nonlinear regression fkom 
experimental data (Kellogg et al., 1984, HRU, 1992b) as 

~ I = a l + @ l x  ~ A ) + ( ~ l ~ l o g ~ ~ ( t i ) )  and 

~ 2 = 1 a 2  +(b2xTA)+(~2~log10(ti)) 

where 
TA = intake temperature; and 

ti = transit time through unit i. 

Table X-17 summarizes the coefficients (al-cl, a2-c2) for each life stage. The striped bass 
equations were used for white perch with the exception of the YSL life stage, where thermal 
mortality was estimated using an equation from LMS (1988a): 

(3.293 x logio(ti)) - (0.5921 x TA)]  

Table X-18 presents boundary values for Atlantic tomcod, American shad, river herring, 
and spottail shiner. For Atlantic tomcod YSL and PYSL, x I  was set equal to the average TL95 
thermal tolerance limits at 10 minutes of exposure, as reported in Table 5.2-5 in EA (1978). xZ 
was set equal to the average TL5 limit reported in the same source. The boundary values for the 
juvenile life stage were set equal to those for PYSL. 

TL95 thermal tolerance limits for alewife at 10 minutes of exposure, as reported in Table 5.2-5 in 
EA (1 978). x2 was set equal to the average TL5 limit reported in the same source. The 
boundary values for the juvenile life stage were set equal to those for PYSL. 

juvenile life stage reported in EA (1978), and xr was set equal to the TL5 limit reported in the 

For American shad and river herring YSL and PYSL, X I  was set equal to the average 

For spottail shiner, x, was set equal to the TL95 thermal tolerance limits for the early 

same source. 

Discharge Temperature 

AZbany Steam Station.-Daily water temperatures recorded at Poughkeepsie Waterworks 
were used to estimate intake temperatures at Albany Steam Station (mu, 1991b). The water 
works is about 65 miles downstream of the steam station. Linear interpolation was used to 
estimate temperatures on days when no measurements were taken. Monthly average discharge 
temperature data were keypunched from Discharge Monitoring Worksheets for January-March 
and October-December 198 1 ; January-April, August-September, and November 1982; May and 
August-December 1983; January-March 1984; May and August-December 1986; and January- 
December 1987. In all other months, daily discharge temperature was estimated €tom intake 
(Poughkeepsie Waterworks) temperatures. The following statistically significant linear 
regression was used to predict discharge temperature from Poughkeepsie Waterworks 
temperatures in 1987, the only year with a complete set of Discharge Monitoring Worksheets 
available: 
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Td = 6.7244 7 3- 0.86881 S X T ,  

where 

Td = discharge temperature (EC) at Albany Steam Generating Station, 
and 

water temperature (EC) recorded at Poughkeepsie Waterworks. T ,  = 

Bowline Point.-Temperature data at Bowline Point during entrainment sampling (May- 
August) were provided by the utilities for each year fiom 198 1 - 1987 (HRU, 1990b). For 198 1 - 
1985, intake and discharge temperatures were provided for each unit on an hourly basis. For 
1986- 1987, average intake and discharge temperature were provided for each unit on a daily 
basis. 

temperatures at the Indian Point Generating Station, located 6 miles upstream of Bowline Point, 
were used to estimate intake temperatures at Bowline Point (HRU, 1991a). 

The average rise in temperature at Units 1 and 2 was estimated for each of the following 
three operating conditions (EA, 198%) by averaging over dates when the plant was operating at 
that flow level: 

On dates when temperature data were not available on computerized utility files, intake 

3 pumps full (384,000 gpm) 

2 pumps full with condenser open (3 16,000 gpm), and 

2 pumps throttled (257,000 gpm). 

For each hour of the day, the average rise in temperature was calculated for each of the above 
conditions at each unit. When necessary, discharge temperature was estimated as intake 
temperature plus this rise, using either on hourly estimates or the average rise over all hours of 
the day. 

Danshrnrner.-Intake temperatures at Dmkammer were assumed to be equal to those at 
Roseton (less than 1 mile downstream) on dates when temperature data at Roseton were available 
(see previous section). On all other dates, intake temperature was assumed to be equal to river 
temperature measured at the Poughkeepsie Waterworks about 6 miles upstream of Danskammer 
(HRU, 199 1 b). Linear interpolation was used to estimate temperatures at Poughkeepsie on dates 
when no measurements were taken. 

following equations from Boreman et al. (1982): 
The temperature increases at Danskammer generating units were estimated using the 

A3 = ( 9.345 x G3 125.8 ) / p3 or 
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where 

the rise in temperature (EF) at Unit 3 or Unit 4; and 

the generating load at Unit 3 or Unit 4 as a percent of 
dependable maximum net generation. 

Generating load, taken from Table VII-8 in Boreman et al. (1 982), varied by month (Table X- 
19). No estimate was available prior to April or after August. For these months, the value for 
the closest month (April or August) with available data was used. No equations were available 
for estimating rise in temperature at Units 1 or 2. Both these units were assumed to have a 
constant rise of 18EF (1 OEC), using the maximum value from Table 1.2- 1 in EA (1 977). 
Discharge temperature was calculated as the sum of the estimated rise in temperature (converted 
to degrees Centigrade) and the intake temperature. 

Indian Point.-Temperature data at Indian Point during entrainment sampling (May- 
August) were provided by the utilities for 1981 and 1983-1987 (HRU, 1990d). For 1981 and 
1983-1 985, intake and discharge temperatures were provided for each unit at Indian Point on an 
hourly basis. For 1986-1987, average intake and discharge temperatures were provided for each 
unit on a daily basis. 

On a few dates in 1981 when temperature data were not available on utility files (for any 
facility), river temperatures measured at Poughkeepsie Waterworks (over 30 miles upstream) 
were used as an estimate of intake temperature (HRU, 1991b). Discharge temperature was 
calculated based on the average rise in temperature as a function of flow rate: 

P P X  APi 

Pi Ai = 

where 

Ai = 

pi = 

the rise in temperature (EC) at unit I; 

the flow rate (rn3/sec) at unit i, with p p  being the full flow 
(maximum capacity) rate of unit 4 and 

dPi = the full flow design change in temperature at unit i, With Ap2 = 
8.85 EC and Ap3 = 9.6 EC. 

For each day when discharge temperature data were not available, the rise in temperature at each 
unit was calculated and added to the intake temperature to provide an estimate of discharge 
temperature. 

temperature data were keypunched &om tables in annual impingement reports (LMS, 1982c, 
1983c, 198444 1985c, 1986b, 1987b, 1988~). For 198 1 - 1982, intake temperatures were assumed 
to be equal to those at Indian Point (about 1 mile upstream). A linear regression was run for each 
unit predicting discharge temperature from intake temperature using Lovett data for 1983- 1987. 
The regressions were all significant (p values < 0.001), and the following regression equations 
were used to estimate discharge temperature: 

Lovett Generating Station.-For 1983-1 987, daily per-unit intake and discharge 

29 



TD.3 = 6.25331 9 + ( I .  020405 x T I  ) or 

To,, = 8.252059 + ( I .  01 7982 x T r  ) or 

where 

To,, = discharge temperature (EC) at Unit i (i=3,4, or 5); and 

rI = intake temperature (EC) recorded at Indian Point. 

The combined-unit discharge temperature was calculated as the average over all units 
weighted by unit flow. 

Roseton.-Temperature data at Roseton during entrainment sampling (May-August) were 
provided by the utilities for each year fiom 198 1 - 1987 (HRU, 19909. For 198 1 - 1985, intake and 
discharge temperatures were provided for each unit on an hourly basis. For 1986-1987, average 
intake and discharge temperatures were provided for each unit on a daily basis. 

On dates when temperature data were not available on utility files, river temperatures at 
Poughkeepsie Waterworks (about 6 miles upstream of Roseton) were used as estimates of intake 
temperature (HRU, 1991b). Discharge temperature was calculated based on the average rise in 
temperature as a fimction of flow rate. The average rise in temperature at Units 1 and 2 was 
estimated for each of the following three operating conditions (LMS, 1986c) by averaging over 
dates when data were available: 

2 units, 2 pumps operating (418,000 gpm) 

2 units, 3 pumps operating (561,000 gpm), and 

2 units, 4 pumps operating (641,000 gpm). 

For each hour of the day, the average rise in temperature was calculated for each condition at 
each unit. When necessary, discharge temperature was estimated as intake temperature plus this 
rise, using either hourly estimates or the average rise over all hours of the day. 

available for Empire State Plaza. Analyses were therefore based on a 100% mortality rate, and 
no intake or discharge temperature data were required. 

available for Westchester RFiSCO. Analyses were therefore based on a 100% mortality rate, and 
no intake or discharge temperature data were required. 

Transit Time 

Empire State Ham.-No information on transit time as a hct ion of flow rate was 

Westchester MSCO.-No information on transit time as a b c t i o n  of flow rate was 

AZbany Steam Station.-Based on estimates of a 450-foot discharge canal length and an 
average velocity in the canal of 4.5 feetlsecond (Young, 1993), the transit time at Albany Steam 
was calculated to be 1.67 minutes (1 00 seconds). 
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Bowline Point.-Transit time at Bowline Point was assumed to be inversely proportional 
to flow rate. A proportionality constant was computed based on the transit time values reported 
in EA (1 98 1 a) and the corresponding flow under each condition: 

t = 129.6 / P 
where 

t = 

P = 

transit time in minutes; and 

flow rate in m3/second. 

Danskammer.-U~t-specific transit times at Danskammer were estimated as a function 
of flow rate using the following equations from Boreman et al. (1 982): 

t3 = 145.01 3 x p34.q96 or 
-0.999 t4 = 73.31 7 x p4  

where 
- t3 or t 4  - transit time (minutes) at Unit 3 or 4; and 

p3 or p4 = flow rate (1000 gallons per minute) at Unit 3 or 4. 

No equations were available for estimating transit time at Units 1 or 2. Both these units 
were assumed to have a constant transit time of 6.9 minutes, using the maximum exposure 
duration fiom Table 1.2- 1 in EA (1 977). 

Unit 4 at Danskammer was off line fiom 27 September 1986 to 1 March 1987, and Unit 3 
was off line fiom 13 March 1987 to 23 September 1987. The combined-unit flows used in 
analyses accurately reflected these outages. However, in estimating thermal mortality, flow was 
assumed to be occurring in all four units. This led to overestimates of thermal mortality. The 
1986-1987 outage at Unit 4 occurred at a time of year when thermal mortality was already zero, 
so estimates for 1986 were not affected. In 1987, a moderate (15% difference on average) 
overestimate of thermal mortality occurred for American shad and river herring. Since 
mechanical mortality was high for these species, the effect on total mortality estimates was less 
than 3%. Striped bass and white perch thermal mortality rates were relatively low (25-35% on 
average, vs. 76% for herring), and the degree of overestimation was also relatively low (1 5 7 . 2 %  
for the life stages affected). Bay anchovy were assumed to experience 100% mortality, and even 
with the overestimate total entrainment at Danskammer for Atlantic tomcod and spottail shiner 
was less than 0.1%. In summary, in 1987 entrainment effects at Danskammer were slightly 
overestimated for American shad, river herring, striped bass, and white perch. 

Indian Point.-Transit time at each unit of Indian Point was calculated as a fimction of 
flow rate using the following equations presented in EA (1 984): 

t r  = 1 I ( - 0.000827~907 + 0.000108864 x p 2  + 0.00003650407 x p3 ) , and 

tJ = I / ( - 0.00~6458~9 + 0.0001 5254 79 x p3 + 0.0001 306958 x p2 ) 
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where 

t 2  or t 3  = 

pr or p3 = 

transit time in minutes at unit 2 or unit 3; 

the flow rate (1000 gpm) at unit 2 or unit 3. 

Lovett Generating Station.-Unit-speci fie transit time at Lovett was estimated as a 

t r  = 93.87 / p4  or 

function of flow rate, using the following equations from Boreman et al. (1982): 

t s  = 252.0 / ps 

where 

t r  or t s  = transit time (minutes) at Unit 4 or 5; and 

p4  or ps = flow rate (1000s of gallons per minute) at Unit 4 or 5. 

No equation was available for estimating transit time at Unit 3. The equation for Unit 5 
(using Unit 3 flows) appeared to approximate the values expected for Unit 3 (Saksen, 1993), so 
Unit 3 transit times were estimated using the proportionality constant for Unit 5.  The combined- 
unit transit time was calculated as the average over all units weighted by unit flow. 

Roseton.-Transit time at Roseton was assumed to be inversely proportional to flow rate. 
A proportionality constant was computed based on the transit time values reported in LMS 
(1 985a) and the corresponding flow under each condition: 

t,=132.1/ P or 

t 2 = 1 4 1 . 7 / P  

where 

tl or t2 = 

P= 

transit time in minutes when one (1) or two (2) units are 
operating, and 

flow rate (combined over both units) in m3/second. 

Empire State PZaza.-No information on transit time as a function of flow rate was 
available for Empire State Plaza. Analyses were therefore based on a 100% mortality rate, and 
no intake or discharge temperature data were required. 

available for Westchester RESCO. Analyses were therefore based on a 100% mortality rate, and 
no intake or discharge temperature data were required. 

WestChester RESCO.-No information on transit time as a function of flow rate was 

NE& 

NE,, represents the number of individuals in life stage I that are entrained on day d. It has 
two components-the rate of water withdrawn for each facility, described above, and the daily 
e n t r a i ~ e n t  density, described below. 
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Daily ~ n t r a i ~ ~ e n t  DensipDaily density by species was estimated based on in-plant 
entrainment sampling as follows: 

where 

QU = the density of life stage I entrained on day d; 

B~~ = the total number of life stage I caught in sample i on day d; and 

y ,  = the water volume sampled during sample i on day d. 

At Bowline Point (HRU, 1988a, 1990a) and Roseton (HRU, 1990e), density was estimated 
separately for each operating unit, while at Indian Point (HRU, 1988b, 199Oc) and Danskammer 
(HRU, 1993), density was estimated for the combined units. For each species and life stage, data 
files contained the sample date, the time and volume of the sample, and the total count of 
organisms collected. 

For sampling events that spanned multiple days, the total number caught and volume 
sampled were assigned among days based on the ratio of the number of hours out of each day 
which were in the sample to the total number of hours in the sample. At Bowline Point samples 
were sometimes taken at only one of the units. On any day that samples were taken at only one 
unit, the density computed in the sarnpled unit was used as the estimate of the density in the 
unsampled unit. To adjust for the fact that sampling did not occur on each day, the density for 
days on which no sampling occurred was estimated using linear interpolation between the 
estimated density on proximate days. 
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4. RESULTS 
The annual CMR estimates are presented in Tables X-20a through g, X-2 1 a through f, X- 

22a through g, and X-23a through g. Tables X-20a through g present the results for 12 regions 
and estimated throu~-plant mortality and Tables X-2 1 a through f present the results for 13 
regions and estimated through-plant mortality. Tables X-22a through g present the results for 12 
regions and assumed 100% through-plant mortality and Tables X-23a through g present the 
results for 13 regions and assumed 100% through-plant mortality. Estimates for spottail shiner 
for 13 regions are not presented because the riverwide abundance for this species is estimated 
using the Beach Seine Survey, which only samples 12 regions. Estimates for Westchester 
RESCO are only presented for 1984-1995 because the plant began operation in 1984. 
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Figure X-1. Comparison of daily conditional survival rates as a h c t i o n  of the quotient of the 
number killed by entrainment to the river-wide abundance (X/N) based on discrete-time and 
~ontinuous-time models. 
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Figure X-2. Comparison of conditional survival rates (for 60 days) as a function of the 
quotient of the number killed by entrainment to the river-wide abundance (X/N based on 
discrete-time and continuous-time models. 
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Table X-1 .-Summary of Longitudinal River Survey unsampled areas. 

Habitat Stratum 
Region 

(River Miles) Channel Bottom Shoal Shore Beach 

12 (RM 140 - RM 152) ~131 ~ 7 1  161 [I1 E41 
12 (RM 125 -RM 139) ~191 [61 E101 E61 121 

11 (RM 107 * RM 124) ~841 1421 [211 [lo1 [31 

10 (RM 94 - RM 106) [1131 [43 1 E83 ~ 9 1  [33 

9 (RM86-RM93) E941 E351 [GI 141 [ I 1  

8 (RM77-RM85) ~1311 ~321 111 I11 E<11 

7 (RM62-RM76) 12291 r631 r11 [41 E11 

6 (RM56-RM61) 1951 1371 P I  ~ 5 1  P I  
5 (RM47-RM55) E1791 E261 111 E11 E 4 1  
4 (RM39-RM46) [ 1621 [331 161 [51 E21 

3 (RM34-RM38) WI E331 E351 E141 151 

2 (RM24-RM33) ~ 3 8 1  E621 r911 1231 E81 

1 (RM12-RM23) [I431 (591 E211 r41 E11 

0 (RMO-RM11) ~1421 ~481 1191 101 PI 
River-wide 

(RM 0 - RM 152) [ 1,6031 ~ 8 1  ~2291 [881 1291 

Notes: 

Unsampled in All Years 

Stratum Def~tions: 

Unsampled in Some Years [Volume in 1,000,000 cu.m.1 

Chamel-Water more than 10 ft (3m) from the river bottom in more than 20 ft (6m) depth. 
Bottom-Water within 10 ft (3m) of the river bottom in more than 20 ft (6m) depth. 
Shoal-Water between 10 ft (3m) and 20 ft (6m) depth. 
Shore-Water between 5 ft (1 Sm) and 10 ft (3m) depth. 
Beach-Water less than 5 f't (1 Sm) depth. 

mote: In Year Class Reports, the Shoal stratum is defined as all water less than 20 ft (6m) depth. In Table X- 1 
(above), the portion of the River with less than 20 ft depth is divided into 3 strata: Shoal (10-20 ft depth), Shore (5- 
10 ft depth), and Beach (0-5 ft depth), which correspond to the strata sampled during the 1986187. Unsampled 
Areas Study. The sum of Shoal (10-20 ft), Shore (5-10 ft) and Beach (0-5 ft) volumes in Table 1 equaIs the Shoal 
volume reported in Year Class Reports]. 
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Table X-2a.--CMR estimates based on 12-region ETMs and CEMR models. For all 
estimates, Region 12 is defined to include river miles 125-152. 

Years Water Withdrawal Taxon 
Facility 

American River Striped White Bay Atlantic Spottail 
shad herring bass perch anchovy tomcod shiner 

1974 
through 
1980 

1981 

through 

1987 

1988 

through 

1997 

Bowline Point 

Indian Point 

Roseton 

Danskammer 

Lovett 

Empire State Plaza 

Albany Steam Station 

Westchester RESCO 

Bowline Point 

Indian Point a 

Roseton 

Danskammer 

Lovett 

Empire State Plaza 

Albany Steam Station 

Westchester RESCO 

Bowline Point 

Indian Point 

Roseton 

Danskammer 

Lovett 

Empire State Plaza 

Albany Steam Station 

Westchester RESCO 

LETM CEMR 

a 

b 

CMR estimates based on ETM for 1982, and CEMR for the remainder. 

Ch4R estimates based on ETM for 198 1, and CEMR for the remainder. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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1 
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Table X-2b.-CMR estimates based on 13-region ETM models. For ail estimates, Region 12 
is defined to include river miles 125-152. 

Taxon 

1974 Bowline Point 

through Indm Point 

1980 Roseton 

Danskammer 

Lovett 

Empire State Plaza 

Albany Steam Station 

Westchester RESCO 

1981 Bowline Point 

through Indian Point a 

1987 Roseton 

Danskammer 

Lovett 

Empire State Plaza 

Albany Steam Station 
Westchester RESCO 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

cp 

1988 Bowline Point 

through Indian Point 

1995 Roseton 

Danskammer 

Lovett 

Empire State Plaza 

Albany Steam Station 

Westchester RESCO 
cp EW-Region 0 densities predicted fiom Region 1 densities 
CEMR observations fiom Region 0 
a CMR estimates based on ETM for 1982, and CEMR for the remainder. 

b CMR estimates based on ETh4 for 198 1, and CEMR for the remainder. 

ETM-Region 0 densities based on 
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Table X-3.-List of component parameters in the modified ETM and the CEMR modelsa. 

Parameter ETM CEMR 

~~ 

a Bullet indicates presence. 
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Table X-4.-Definition of component parameters in the modified ETM and the CEMR models. 

Parameter Definition Eqn. 

(1) - K 
average proportion of river-wide abundance of life stage I individuals during weeks t j that are in region k ,  with 1 DS,r,,k I - 1 for each week, 

k - 1  
cohort and life-stage 

volulne of region k (units of m') 

rate of water withdrawal from region k in week s + j (units of m' d') 

ratio of the average intake density to average regional density of life-stage 1 individuals during week s + j in region k 

S 

P I  
proportion of spawning that occurred in week S , so that R, =I I 

s = week I ,  2,3, ..., s of the spawning period (subscript S will also denote cohorts born in those weeks) 

j = age 0, 1,2, ..., J of entrainable individuals in weeks 

i = life stage I ,  2,3, ..,, L 

the proportion of day d that individuals ofcohort s spend in life-stage 1 ( 1 6 d  ,/ = I 'for each day of entrainmeril vulnerability for cohorts) 
I 

the fraction of life-stage 1 individuals entering the intake on day d that eventually are killed by plant passage (6)  

the number of individuals in life-stage 1 that are entrained on day d (6) 

the river-wide abundance of cohorts individuals that are in life-stage 1 on day d ( 5 )  

q,d,  / q Z d ,  , the ratio of the gear efficiencies for larvae of life-stage 1 on day d (8) 
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Table X-!L--Facilities withdrawing 50 million gallons per day (mgd) or greater 
&om the Hudson River. 

Facility River Mile (wm) 
Permitted Discharge' 

Empire State Plaza 146 75,000 

Albany Steam Station 142 3 5 7,000 

Danskammer Point Generating Station 66 3 18,000 

Roseton Generating Station 66 641,000 

Charles Point Resource Recovery Facility 43 38,000 

(Westchester RESCO) 
Indian Point Station 43 1,680,000 

Lovea Generating Station 42 345,000 

Bowline Point Generating Station 37 768,000 

a NYSDEC SPDES files 
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Table X-6.--Volumes of river segments. 
i 

Volume (m’) k e a  (m’) 

Region Channel Bottom Shoal Shore Zone 

0 14 1809822 48455129 18747833 0 
1 143452543 593 12978 26654767 3389000 

2 138000768 62125705 12 1684992 20446000 

12 10 1000 3 6 13090 16 32517633 539 10 105 

4 162269471 33418632 12648163 4147000 

5 178830022 25977862 2647885 1 186000 

6 94882267 36768629 8 1401 23 4793000 

7 228975052 63 168 132 5990260 3 193000 

8 131165041 320 12000 2307625 558000 

9 9365702 1 35479990 12332868 3874000 

10 113143296 42845077 20307338 7900000 

11 8392408 1 42281206 34526456 8854000 

12 32025080 13517183 25606842 61 14000 

Source: Versar (1987). 

Table X-7.-Life stage duration estimates for striped bass, American shad, white perch, 
Atlantic tomcod, bay anchovy, river herring, and spottail shiner. 

Life Stage Duration (days)’ 

Species Egg YSL PYS Juv 
Striped bass 1 .24.0b 3.4-10.2b 28 28 

American shad 2.2-13.4b 4.5-7.0b 21 28 

White perch 1 .0-4.3b 5 32 28 

Atlantic tomcod 28 42 21 

Bay anchovy 1 1 30 42 

River herring 4 3 28 28 
spottail shiner - 83‘ 

Notes: 
a Boreman et al. (1982) 

Range of values estimated based on water temperature 
See text 
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Table X-8.-Sampling program(s) used to estimate river-wide abundance andlor 
distributions. 

Life Stage 

EGG YSL PYS JUV Species 

LRS PYSL 
projection + FSSa 

LRS 

American shad LRS LRS LRS 

Atlantic tomcodb not applicable LRS 

LRS 

LRS 

LRS Bay anchovy' LRS LRS PYSL 
projection + FSSa 

River herring LRS LRS LRS LRS abundance 
+ FSSd 

Striped bass LRS LRS LRS LRS PYSL 
projection + FSSa 

BSS Spottail shine? not applicable not applicable not applicable 

LRS PYSL 
projection + FSSa White perch LRS LRS LRS 

Notes: 

a Juvenile abundances for CEMR estimates were fmt estimated using projections of juvenile abundance based upon 
PYSL cohort abundances and survival rates, then further revised based upon FSS estimates of older juvenile 
abundance. See text for details of revision methods. Distribution patterns for ETM based solely upon LRS. 

No river-wide abundance estimates were constructed for Atlantic tomcod nor spottail shiner, because the CEMR 
model was never used for these species. Data fkom indicated sampling programs were used solely for the 
distribution patterns required by the ETM model. 

All life stage abundances for bay anchovy used solely for weekly CEMR estimates, generated only for purposes of 
calibrating ETM. 

Juvenile abundances for CEMR estimates from LRS were revised based upon FSS estimates of older JUV 
abundance. See text for details of abundance revision method. Distribution patterns for ETM based solely on LRS. 
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Table X-9.-Coefficients for predicting densities in unsampled strata, by species and life 
stage (Coastal 1991 b). 

Unsampled Stratum 

Beaches Shores Shoals Species . Lifestage 

Egg 0.03 0.03 0.14 

YSL 1 .oo 1 .oo 1 .oo American shad 

PYS 3.05 23.14 0.84 

Egg 
YSL 

PYS 

0.07 

1.82 

0.65 

1 .oo 
1-00 

3.08 

2.21 

8.40 

2.24 

Striped bass 

Egg 
YSL 

PYS 

0.5 1 0.03 0.58 

1.19 1.04 1.25 

0.69 1 .oo 1.01 

White perch 

Table X- 1 Oa.--Coefficients for prediction equations for predicting densities in Region 0 

Taxon Life Stage Stratum 

I based on densities in Region 1. 

a B 
Atlantic tomcod 

Atlantic tomcod 

Atlantic tomcod 

PYSL 

Juveniles 

Juveniles 

Bottom 

Bottom 

Channel 

-0.97 

-1.91 

-2.53 

1 .oo 
0.49 

0.52 

Bay anchovy 

Bay anchovy 

Bay anchovy 

Bay anchovy 

Bay anchovy 

Bay anchovy 

Eggs 

Eggs 
PYSL 

PYSL 

Juveniles 

Juveniles 

Bottom 

Channel 

Bottom 

Channel 

Bottom 

Channel 

-0.25 

0.18 

-0.03 

-0.22 

-1.01 

- 1.92 

0.75 

0.84 

0.82 

0.82 

0.88 

0.76 

River herring 

River herring 

PYSL 

Juveniles 

Bottom 

Bottom 

0.67 

-3.00 

1.13 

0.38 

Striped bass PYSL Bottom -3.48 0.69 

Striped bass PYSL Channel -3.46 0.49 
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Table I(- 1 Ob.--Coefficients for prediction equations for predicting densities in the northern 

Taxon Life Stage Stratum 

portion of Region 12 based on densities in the southern portion of Region 12. 

6 s 
American shad YSL Bottom -141 0.56 

American shad Y SL Channel -0.98 0.85 

River herring YSL Bottom -1.13 

Rwer herring YSL Channel -0.32 

River herring PYSL Bottom -1.82 

0.57 

0.68 

0.46 

River herring PYSL Channel - 1.42 0.61 

River herring Juveniles Bottom -3.30 0.60 

White perch YSL Bottom -2.85 0.59 

White perch YSL Channel -2.41 0.36 
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! 
Table X- 1 1 a.-Estimates of relative probability of capture (RPC) for striped bass and 

white perch (Coastal 1991a). 

Length RPC 
Species Plant densitymver density 

Striped bass 

White perch 

04.5 

-6.5 

-8.5 

-10.5 

-12.5 

-14.5 

-16.5 

-18.5 

-20.5 

>20.5 

0-4.5 

-6.5 

-8.5 

-10.5 

-12.5 

-14.5 

>14.5 

0.76 

0.22 

0.33 

0.57 

0.98 

1.75 

2.72 

4.00 

3.21 

5.26 

0.09 

0.16 

0.24 

0.43 

0.77 

1.84 

3.24 
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Table X- 1 1 b.-Estimates for relative probability of capture (RPC) for bay anchovy. 

Length RPC 
Species (mm) Plant density/River density 

0-7.5 3.05 Bay anchovy 

-12.5 

-17.5 

-22.5 

>22.5 

0.27 

0.26 

1.59 

2.60 
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Table X-12a.4verall W estimates by stage and plant for 12 regions (see text). 
Plant 

Species Stage Bowline Point Indian Point Roseton Danskammer Albany Steam 
~ -- 

American Egg o.-mo 043 18 0.1852 0.2828 0.3552 
shad 

Y SL 0.0000 

0.61 19 

0.0037 

0.1850 0.1639 

1.1576 

0.0139 

0.2883 

1.7852 

0.0538 

1.4162 

3.1204 

0.0000 

PY SL 0.4335 

Jw 0.0224 

Bayanchovy Egg 

YSL 

PYSL 

Juv 

0.00 15 

0.0396 

0.4450 

0.005 1 

0.4059 

0.8933 

0.5636 

0.0056 

0.0000 

NA 

0.6571 

0.0053 

0.0000 

NA 

0.652 1 

0.00 1 1 

1 .oooo 
1 .om0 
1 .ow0 

1 .oooo 

0.5584 

0.1202 

0.4637 

0.0435 

3.429 1 

1.4007 

0.8596 

0.0422 

11.9278 

0.3864 

0.8210 

0.1549 

39.3233 

0.5523 

1.0325 

0.2117 

0.3552 

1.4162 

3.1204 

0.0000 

Riverherring Egg 

YSL 

PYSL 

JUV 

Smpedbass Egg 

YSL 

PYSL 
Juv 

0.0289 

0.1959 

0.4104 

0.0572 

0.0504 

0.3472 

1 S324 

0.0784 

0.3208 

0.7034 

1.0316 

0.1861 

0.7795 

1.3433 

2.1697 

0.2212 

1 .oooo 
1 .oooo 
1 .oow 
1 .oOOo 

Whiteperch Egg 

Y SL 

PYSL 

Juv 

3.8776 

0.2157 

0.3828 

0.0125 

0.6469 

0.7286 

1.3302 

0.05 12 

2.2064 

2.8533 

0.7564 

0.062 1 

8.5748 

4.7590 

0.83 17 

0.0541 

0.5269 

0.7609 

0.2 147 

0.0000 

49 



Table X-12b.4verall W estimates by stage and plant for 13 regions (see text). 
Plant 

Stage Bowline Point Indian Point Roseton Danskammer Species 

American shad Egg 

YSL 

PY SL 

JUV 

Bay anchovy Egg 

YSL 

PYSL 

JUV 

River herring Egg 

Y SL 
PYSL 

JUV 

Striped bass Egg 

YSL 

PYSL 

Juv 

White perch Egg 

YSL 

PYSL 

Juv 

0.0000 

0.0000 

0.61 19 

0.0024 

0.0015 

0.0396 

0.4450 

0.0057 

0.5584 

0.1202 

0.4638 

0.0434 

0.0289 

0.1959 

0.4104 

0.0558 

3.8776 

0.2 157 

0.3828 

0.0109 

0.43 18 

0.1850 

0.4335 

0.0140 

0.4047 

0.8944 

0.5640 

0.0058 

3.4291 

I .4007 

0.8593 

0.0427 

0.0504 

0.3472 

1 S324 

0.0755 

0.6469 

0.7285 

1.3303 

0.0378 

0.1852 

0.1639 

1.1576 

0.0 123 

0.0000 

1 

0.6576 

0.0072 

1 1.9278 

0.3863 

0.82 IO 

0.1560 

0.3208 

0.7034 

1.0316 

0.1921 

2.2064 

2.8533 

0.7565 

0.0237 

0.2828 

0.2883 

1.7852 

0.045 1 

0.0000 

1 

0.6512 

0.0018 

39.3233 

0.5522 

I .0325 

0.2133 

0.7795 

1.3433 

2.1696 

0.2323 

8.5748 

4.7590 

0.83 18 

0.0174 
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Table X-l3.-Flow rate (gallons per minute) as a h c t i o n  
of plant operating condition at Bowline Point Generating Station. 

Unit Operating 

Condition Flow Rate (gpm)’ 

i 

3 pumps full 

2 pumps full (condenser open) 

2 pumps full (condenser closed) 

2 pumps throttled 

1 pump full 

1 pump throttled 

384,000 

3 16,000 

285,000 

257,000 

185,000 

150,000 

a EA (1985c), HRU (1989b) 

Table X-l4.-Flow rate (gallons per minute) as a function of plant operating condition at 
Roseton Generating Station. 

Plant Operatingcondition 

Number of 

Pumps 

Number of 

Units 

Flow Rate’ 
(wm) 

1 

2 

3 

1 

2 

1 

lfM 

1 at 5% 

1 

lfull 

1 at 5% 

2 

2 18,000 

228,000 

376,000 

378,000 

526,000 

528,000 

561,000 

4 2 64 1,000 

a LMS (1985c), HRU (1989b) 
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Table X-1 5.-Proportion of water withdrawal originating in each region of the river. 
Power Plant 

Region Bowline' Lovett' Indian RESCOb Roseton' Dans- Albany Empire 

Steamb Stateb Point' kammer' 

YK 0 0 0 0 0 0 0 0 

TZ 

CH 

IP 

WP 

cw 
PK 

Hp 

KG 
SG 
CK 

0.271 

0.358 

0.371 

0 

0 

0 

0 

0 

0 

0 

0.369 

0.549 

0.082 

0 

0.298 

0.562 

0.140 

0 

0 

0 

0 

0 

0 

0 

0.164 

0.586 

0.250 

0 

0 

0 

0 

0.273 

0.727 

0 

0 

0 

0 

0.196 

0.804 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

AL 0 0 0 0 0 0 I .o 1 .o 
a 

b 

Boreman et al. (1982) 

Appendix titled "Parameters used in ETM estimates for 1974- 1980 and 198 1 - 199 1 'I. 

Table X- 16.-Mechanical mortality rate estimates by species and life stage (see text). 

Species 
Life Stage 

EGG YSL PYS Juv 

American shad 1 .o 
Atlantic tomcod 1.0 

Bay anchovy 1 .o 
River herring 1 .o 
Striped bass 1 .o 

Spottail shiner 1 .o 
White perch 1 .o 

0.794 

0.683 

1 .o 
0.794 

0.266 

0.129 

0.566 

0.794 

0.469 

1 .o 
0.794 

0.287 

0.129 

0.566 

0.794 

0.425 

1 .o 
0.794 

0.254 

0.129 

0.464 
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Table X-17.4oefficients used to estimate boundary temperatures (X, and X,) for the 
double hinged line model used to estimate thermal mortality rates for striped bass and white 
perch (see text). 

Life Stage 

Coefficient EGGS YSL PYSL Juv 
a1 

a2 

bl 

b2 

cl 

c2 

2 1.762 53.875 29.672 24.120 

39.246 24.537 4 1.254 36.266 

0.943 - 1.354 0.147 0.516 

0.136 1.090 -0.03 1 0.142 

-1.110 -0.407 -0.3 12 -0.806 

-1.741 -2.672 -1.471 -1.122 

Table X- 18.-Boundary temperatures (EC) used in estimating thermal mortality rates for 
American shad, Atlantic tomcod, river hening, and spottail shiner, using a double hinged model. 
Thermal mortality was 0 at temperatures below X,, 100% at temperatures above X,, and 
interpolated linearly fi-om 0 to 100% between X, and X,. 

Life Stage 
~~ 

YSL PYS Juv 
Species x, x, x, x* XI x* 

American shad 33.5 38.0 29.8 32.9 29.8 32.9 

Atlantic tomcod 24.2 28.2 24.8 28.7 24.8 28.7 

River herring 33.5 38.0 29.8 32.9 29.8 32.9 

-- -- 35.1 36.9 spottail shiner -- _- 

Table X-l9.-Monthly projected generating load as percent of dependable maximum net 
generation for Units 3 and 4 and Danskammer. From Table VII-8, Boreman et al. (1 982). 

Month 

unit April May June JdY August 

3 76.0 74.0 70.0 70.0 78.0 

4 74.0 72.0 65 .O 67.0 67.0 

53 



Table X-20a Annual CMR values by year for American Shad for 12 Regions and estimated flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. ~- 

ALBANY 
BOWLINE EMPIRE STEAM WESTC'HESTER RlVERWIDE 

RESCO YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA- STATION --- 
1974 0 1  0.24 0.15 0.88 0.68 0.11 

1975 0.11 0.38 2.68 2.35 I I .E4 

1976 0.22 0.34 2.01 I .3 0.59 1.9 

1977 0.02 0.49 I .42 0.99 1.22 0.38 

I978 0.09 0.26 I .92 1.33 0.43 0.78 

I979 0.04 0.21 I .06 0.98 0.07 1.71 

I980 0 0.04 0.31 0.31 0. I4 2 

1981 0.02 0.2 0.35 0.81 0.24 0.95 

1982 0.16 0.47 0.33 0.91 I .04 0.72 

1983 0.02 0.09 0.74 1.19 0.6 I .28 

1984 0.05 7.51 1.08 0.89 1.12 0.98 

1985 0 0 0.17 0.27 0.07 1.63 

1986 0 3.56 0.32 0.73 0.09 0.46 

1987 0.01 0 0.42 0.3 0.12 3.82 

1988 0.01 0.2 0.2 0.24 0.86 2.19 

1989 0.2 0.32 1.16 0.97 1.21 I .96 

I 990 0.09 0.46 1.34 I .4 I .5 3.43 

1991 0.01 0.09 0.41 0.47 0.77 1.51 

1992 0.01 0.07 0.22 0.16 0.5 1.34 

1993 0.01 0.17 0.23 0.24 1.19 I .29 

1994 0.03 0.13 0.37 0.27 0.47 2.61 

1995 0.01 0.13 0.39 0.37 0.61 1.33 

1996 0.03 0.45 0.25 0.37 0.64 1.27 

1997 0.01 0.06 0.3 0.5 0.71 2 

I .02 

30.91 

31.33 

2.96 

14.9 

26.6 

35.99 

13.29 

8.17 

15.68 

10.84 

17.77 

5.92 

26.61 

36.45 

35.44 

49.83 

30.64 

50.85 

6.46 

18.32 

9.75 

3.39 

13.64 

3.15 

36.51 

35.59 

7.27 

18.93 

29.55 

37.77 

15.5 

11.46 

18.95 

0.32 21.18 

0.03 19.55 

0.02 10.73 

0.0s 30.04 

0.18 38.89 

0.24 39.25 

0 29 53.97 

0.12 32.96 

0.16 52.04 

0.32 9.64 

0.13 2 I .56 

0.12 12.39 

0. I7 6.4 1 
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Table X-20b.-Annual CMR values by year for Atlantic Tomcod for 12 Regions and estimated flow-through mortality (actual 
- flow). See Tables X-2a and b for model used in CMR estimation. -- 

ALBANY 
STEAM 

YEAR POINT lNDlAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION 
WESTCHESTER BOWLINE EMPIRE 

RIYERWIDE - RESCO 

I974 5.91 3.93 0.27 0.63 3.16 0 0 

I975 9.2 6.8 I .2 0.25 2.72 0 0 

1976 10.65 8.8 0.96 0.37 2.89 0 0 

1977 5.49 10.33 3.42 I .02 1.16 0 0 

1978 9.23 10.71 2.32 0.81 2.98 0 0 

1979 6.89 19.32 2.35 0.72 1.57 0 0 

I980 6.15 25.75 1.82 0.59 5.17 0 0 

1981 8.21 12.14 I .66 0.61 4.18 0 0 

1982 6.82 17.99 I .74 0.71 4.13 0 0 

1983 6.97 8.07 I .6 0.59 2.41 0 0 

I984 5.99 17.32 1.63 0.7 1.53 0 0 

1985 6.9 35.03 2.04 0.79 4.06 0 0 

1986 8.64 12.01 1.84 0.72 3.79 0 0.02 

1987 4.75 15.37 2.2 I 0.88 I .87 0 0 

1988 7.53 25.33 I .86 0.8 3.47 0 0 

I989 7.95 4.61 1.72 0.68 2.88 0 0 

1990 7.12 5.84 2.02 0.82 2.74 0 0 

1991 7. I 7.33 I 3 3  0.64 6.15 0 0.02 

I992 7.68 14.9 1.66 0.5 I 2.79 0 0 

1993 5.63 3.9 I .os 0.29 I .48 0 0 

I994 4.72 8.03 1.58 0.47 2.61 0 0 

1995 7.43 6.67 I .33 0.55 3.71 0 0.01 

1996 1.62 9.06 0.84 0.31 1.17 0 0 

1997 0.61 15.63 I .65 0.75 2.16 0 0 

I 

1.91 

I .8 

I .03 

I .68 

I .06 

0.88 

I .os 
I .04 

0.83 

0.85 

I .82 

0.55 

I .07 

13.24 

18.87 

2 1.93 

19.92 

23.82 

28.31 

35.5 

24.47 

28.53 

18.36 

25.98 

44.68 

26 

24.12 

36.2 

17.64 

18.07 

22.04 

26.06 

12.58 

17.11 

19.86 

13.08 

20.78 
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Table X-ZOc.-Annual CMR values by year for Bay Anchovy for 12 Regions and estimated flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. - - - _ ~  

ALBANY 
BOWLINE EMPIRE STEAM WESTCHESTER 

RIVERWIDE RESCO YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION --- 
I974 5 73 8 21 0.21 0.05 8 46 0 0 01 21 

1975 

1976 

1977 

1978 

1979 

I980 

1981 

1982 

I983 

1984 

1985 

1986 

1987 

1988 

I989 

1990 

1991 

1992 

1993 

4.63 

4.32 

5.26 

6.66 

6.69 

6.75 

4.55 

2.26 

3.41 

3.42 

3.35 

2.36 

6.24 

6.08 

4.53 

6.34 

4.51 

3.94 

3.43 

7.09 

4.06 

14.14 

13.76 

11.29 

19.26 

20.42 

4.8 

9.97 

7.03 

10.73 

5.99 

I I .02 

20. I5 

9.69 

25.17 

11.11 

7.75 

7.65 

0.41 

0.65 

0.66 

1.14 

I .3 

0.62 

0.61 

0.73 

1 .05 

0.94 

0.86 

0.43 

0.87 

1.52 

0.56 

1.72 

2.44 

0.41 

0.93 

0.08 

0. t 

0.09 

0.17 

0.2 

0.11 

0.13 

0.16 

0.24 

0.24 

0.22 

0.07 

0.12 

0.39 

0.04 

0.43 

0.68 

0.08 

0.33 

6.51 

3.85 

8.2 

8.29 

4.38 

9.48 

9.7 

5.75 

6.86 

5.07 

8.64 

4.98 

6.14 

7.56 

5.31 

9.91 

8.02 

7.63 

7.46 

0.05 

0 

0.01 

0 

0 

0 

0 

0 

0 

0 

0.05 

0 

0.01 

0.02 

0 

0 

0 

0.01 

0.01 

0.65 

0.05 

0.19 

0 

0.03 

0.02 

0.01 

0.03 

0 

0.01 

0.55 

0.01 

0.12 

0.31 

0.01 

0.03 

0.01 

0.27 

0.15 

0.89 

1.18 

0.8 

1.31 

1.24 

0.66 

I .3 

1.1 

0.83 

0.88 

18.14 

12.45 

26.06 

27.14 

22.07 

32.35 

31.92 

13.11 

20.06 

16.52 

23.41 

13.92 

23.59 

33.07 

19.4 

39.04 

25.19 

19.44 

19.35 

1994 3.47 8.16 0.24 0.06 8.23 0.02 0.12 I .03 19.83 

1995 3.83 15.95 2.45 1.01 7.2 0.01 0.05 I .03 28.35 

I996 I .46 18.24 0.1 0.05 7.99 0 0 I .06 26.77 

I997 3.92 1.47 2.35 1.12 8.37 0.01 0.04 I .04 22.2 
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Table X-ZOd.-Annual CMR values by year for River Herring for 12 Regions and estimated flow-through mortality (actual 
flow).. See Tables X-2a and b for model used in CMR estimation. -- 

ALBANY 
BOWLINE EMPIRE STEAM 

STATION RESCO 
WESTCHESTER 

RIVERWIDE 
_I YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA I_-----__I 

1974 

1975 

I976 

1977 

1978 

1979 

I980 

1981 

1982 

1983 

I984 

I985 

1986 

1987 

1988 

1989 

1990 

1991 

I992 

1993 

1 994 

I995 

1996 

1997 

0.17 

0.18 

0.79 

0.49 

0.2 

0.09 

0.06 

0.03 

0.15 

0.3 

0.15 

0 

0.01 

0.47 

0.04 

0.41 

0.85 

0.08 

0.06 

0.04 

0.07 

0.02 

0.01 

0.25 

0.85 

I .45 

I .89 

2.59 

1.32 

2.25 

0.63 

0.61 

I .03 

13.25 

5.33 

0.02 

0.92 

0.04 

0.55 

I .63 

3.18 

0.42 

0.47 

0.32 

0.54 

0.15 

0.59 

0.99 

0.65 

13.1 

5.81 

6.31 

3.14 

4.26 

3 

2.4 

3.33 

18.96 

1.65 

I .02 

1.73 

2.75 

3.77 

4.99 

2.52 

1.69 

2.16 

I .08 

2.24 

4.46 

1.46 

2.97 

t3.34 

4.52 

8.89 

2.19 

3.5 

2.82 

2.62 

1.87 

17.18 

1.76 

I .87 

3.77 

2.47 

4.54 

3.77 

2.23 

1.27 

1.38 

0.97 

1.54 

4.2 

1.96 

0.47 

0.45 

0.58 

0.43 

0.34 

0. I 

0.48 

0.23 

1.51 

I .09 

1.26 

0.01 

0.1 

0.06 

0.19 

1.17 

1.24 

0.27 

0.44 

0.41 

0.34 

0.13 

0.22 

1.76 

1.54 

1.62 

I .57 

1.75 

1.85 

I .23 

0.3 

0.42 

0.91 

1.1 

1.16 

0.26 

3.82 

1.35 

I .75 

I .95 

1.31 

I .68 

0.95 

I .77 

I .37 

1.73 

22.03 

18.6 

19.83 

17.58 

20.95 

18.34 

18.58 

6.59 

3.46 

8.26 

15.57 

1 I .02 

3.83 

25.98 

16.05 

23.55 

21 

17.81 

35.9 

8.21 

12.07 

5.44 

2.56 

0.33 

0 

0.03 

0.02 

0.05 

0.24 

0.3 

0.05 

0.09 

0.12 

0.11 

0.04 

0.07 

27.25 

40.9 

31.35 

33.16 

27.79 

27.76 

25.08 

12.26 

11.25 

47.81 

24.95 

14.61 

10.26 

32.87 

24.55 

33.67 

30.21 

21.91 

39.82 

11.73 

17.73 

14.94 

8.32 

3.37 6.7 1.61 2.54 8.24 0.39 21.96 
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Table X-20e.--Annual CMR values by year for Striped Bass for 12 Regions and estimated flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
EMPIRE STEAM W ESTC H ESTER BOWLINE 

RIVERWIDE YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO 

1974 0 87 5.67 0 39 2 16 2 96 0 0 03 I 1  6 

1975 

I976 

1977 

I918 

1979 

I980 

1981 

1982 

1983 

1984 

1.15 

I .65 

1.11 

1.59 

I .47 

1.17 

0.23 

3.88 

0.59 

2.73 

7.82 

4.16 

13.91 

8.59 

12.02 

11.92 

4.17 

7.07 

7.43 

17.29 

1.81 

2.68 

2.23 

1.53 

2.2 

3.37 

0.43 

3'75 

2.39 

1.72 

I .56 

2.55 

1.81 

1.19 

I .65 

2.73 

4.18 

4.88 

2.36 

1.87 

3.17 

1.62 

1.76 

2.13 

1.41 

2.35 

2.32 

2.75 

5.11 

1.72 

0.05 

0.05 

0.04 

0 

0.01 

0.02 

0.02 

0.01 

0.02 

0.01 

0.2 

0.34 

0.15 

0.01 

0.04 

0.09 

0.22 

0.04 

0.08 

0.03 I .29 

14.92 

12.94 

19.86 

14.36 

17.83 

20.19 

11.1  

20.52 

16.85 

24.76 

1985 0.07 3.97 4.3 4.26 0.76 0.23 0.66 0.63 14.06 

1986 I .03 16.4 4.06 5.04 I .59 0.01 0.08 I .26 26.82 

1987 0.47 2.3 4.78 7.43 0.72 0.08 0.2 I 0.69 15.73 

1988 1.15 11.69 2.99 3.48 2.14 0.02 0.15 1.39 21.25 

I989 1.11 6.09 2.39 2.41 I .83 0.01 0.04 1.15 14.2 

IY90 0.95 6.19 4.07 4.45 1.85 0.02 0.1 I 0.91 17.27 

1991 0.8 4.98 3.77 4.15 6.14 0.23 1.15 1.12 20.43 

1992 0.92 6.21 2.96 2.48 2.43 0.01 0.42 1.52 15.86 

1993 0.53 5.62 I .28 1.86 1.36 0.02 0.14 0.93 11.26 

1994 0.79 6.83 I .69 I 2.18 0.02 0.03 I .32 13.21 

1995 0.45 4.2s 3.01 2.68 1.24 0.06 0. I 0.84 12.04 

I996 0.1 I 11.69 1.53 1.91 I .42 0.01 0.01 1 16.87 

1997 0.51 1.39 3.02 3.47 I .9 0.04 0.07 I .3 11.18 
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Table X-20f.---Annual CMR values by year for Spottail Shiner for 12 Regions and estimated flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLlNE EMPIRE STEAM WESTCHESTER 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO RIVERWIDE 

1974 0.49 0.87 0.22 0.66 0.24 3.32 5.75 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

I983 

I984 

1985 

I986 

1987 

I 988 

1989 

I990 

1991 

I992 

I993 

0.56 

1.17 

0.43 

0.79 

0.64 

0.23 

0.36 

0.6 

0.43 

0.55 

0.35 

0.42 

0.43 

0.39 

0.7 

0.46 

0.62 

0.3 I 

0.32 

I .04 

1.38 

1.41 

2.32 

1.62 

I .66 

3.43 

2.06 

3.17 

1.58 

1.77 

1.55 

1.53 

4. I 

8.32 

2.18 

3.92 

0.99 

0.89 

0.65 

1.14 

0.59 

0.73 

I .45 

I .06 

0.88 

0.91 

I .7 

0.79 

0.92 

I .44 

1.39 

I .3 

0.93 

1.07 

1.14 

I .09 

0.83 

1.32 

I .03 

I 

1.14 

I .66 

2.26 

I .06 

I .07 

I .24 

1 

1.15 

1.91 

I .06 

2.66 

1.73 

2.06 

3.06 

0.48 

0.64 

0.27 

0.38 

0.18 

0.47 

0.4 

0.3 

0.46 

0.36 

1.37 

0.19 

0.41 

0.34 

0.16 

0.52 

0.76 

0.26 

2.66 

0.24 

0.56 

5.98 

3.04 

8.8 

5.87 

3.74 

4.59 

2 

3.96 

4.72 

5.25 

5.41 

3.69 

6.22 

5.43 

4.12 

4.79 

3.46 

2.15 

2.82 

IO 14 

5.48 

14.91 

10.01 

6.51 

7.96 

5.39 

6.68 

8.11 

9.35 

6.48 

4.69 

8.42 

7.57 

7.12 

7.61 

8.57 

6 35 

4.94 

0.28 

0.36 

0.4 

0.28 

0.29 

0.35 

0.3 

0.45 

0.3 

0.28 

1 1 . 1 1  

18.72 

12.93 

25.17 

19.82 

15.09 

16.94 

12.92 

14.77 

19.16 

17.82 

15.84 

13.64 

18.2 

20.43 

2 1.94 

17.48 

21.73 

11.44 

10.84 

I994 0.36 1.1 1.2 0.75 0.38 3.96 5.18 0.27 12.56 

I995 0.27 2.54 0.86 0.56 0.28 2.9 2.78 0.19 9.98 

1996 0.2 I .89 0.59 0.56 0.48 4.34 2.85 0.34 10.78 

0.29 0.64 1.02 0.62 0.33 4.69 3.17 0.34 10.67 1997 
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Table X-20g.--Annual CMR values by year for White Perch for 12 Regions and estimated flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STEAM W ESTCHESTER 

RIVERWIDE YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO 

1974 9. I 7.45 1.14 4.89 2 73 0.27 0 98 24 03 

1975 

1976 

1977 

1978 

1979 

I980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

I992 

I993 

I994 

1993 

1996 

2.96 

2.18 

2.12 

1.17 

0.86 

0.4 

0.32 

0.17 

I .05 

0.65 

0.03 

0.28 

0.01 

0.56 

0.8 

0.41 

0.24 

0.29 

0.13 

0.29 

0. I 

0.07 

8.65 

3.22 

7.28 

5.28 

8.03 

3.38 

6.46 

4.34 

18.14 

8.88 

0.55 

4.07 

0.66 

7.99 

4.07 

3.52 

I .46 

2.73 

2.36 

3.14 

1.93 

4.9 

7.82 

6.66 

7.24 

6.88 

7.39 

7.81 

I .7 

2.29 

7.08 

3.88 

3.53 

9.4 

6.87 

7.51 

8.54 

7.63 

9.99 

7.13 

3.31 

6.72 

5.56 

4.54 

7.86 

7.1 

5.96 

3.64 

4.95 

6.9 

5.5 

2.18 

4.84 

3.31 

3.88 

14.44 

7.54 

6.24 

5.88 

6.49 

7.44 

4.79 

3.71 

3.24 

4.62 

4.13 

I .93 

0.69 

I 

0.61 

0.43 

0.74 

1.32 

I .28 

3.16 

0.98 

0.24 

0.61 

0.38 

I .8 

1.3 

I .07 

1.85 

1.29 

1.14 

0.89 

0.41 

0.5 

0.4 

0.47 

0.49 

0.93 

0.25 

0.39 

0.16 

0.5 

0.39 

0.5 

0.31 

0.08 

0.64 

0.57 

0.48 

0.89 

0.29 

0.21 

0.2 I 

0.41 

0.37 

0.59 

1.81 

I .99 

I .35 

1.74 

1.17 

2.03 

0.92 

2.3 

1.57 

I .76 

0.78 

0.3 

0.68 

I .A 

2.62 

2.49 

0.99 

I .94 

0.38 

0.62 

0.34 

0.31 

0.44 

0.12 

0.29 

0.22 

0.65 

0.54 

0.35 

0.37 

0.54 

0.42 

0.39 

0.27 

0.23 

27.8 

20.48 

23.07 

18.74 

2 I .22 

19.99 

15.44 

I2 4 

32.01 

18.93 

9.14 

26.79 

16.09 

24. I 

22.06 

20.93 

20.93 

17.61 

11.15 

14.83 

13.02 

14.44 

I997 0.2 1.31 5.53 7.04 I .66 0.53 0.73 0.49 16.4 I 
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Table X-2 1 a.-Annual CMR values by year for American Shad for 13 Regions and estimated flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
STEAM WESTCHESTER EMPIRE STATE BOWLINE DANSKAMMER 

RIVERWIDE YEAR POINT INDIAN POINT ROSETON LOVETT PLAZA STATION RESGO 

1974 0.10 0.22 0 IS 0.82 0.68 0 I I  I 02 306 

1975 0.1 I 0.35 2.67 2.31 I .00 1.84 30.91 36.45 

1976 0.22 0.33 2.01 1.28 0.59 I .90 31.36 35.61 

1977 0.02 0.38 I .42 0.96 1.22 0.38 2.96 7.14 

I 978 0.09 0.24 1.92 I .29 0.43 0.78 14.90 18.88 

1979 0.04 0.20 1.06 0.96 0.07 1.12 26.61 29.53 

I980 0.00 0.03 0.31 0.28 0.14 2.00 35.99 37.74 

1981 0.02 0.20 0.35 0.79 0.24 0.95 13.29 15.47 

1982 0.16 0.44 0.33 0.91 I .03 0.72 8.17 I I .43 

1983 0.02 0.09 0.74 1.19 0.60 I .2a 15.69 18.94 

I984 0.05 7.50 I .08 0.71 1.1) 0.98 10.84 0.32 20.97 

1985 0.00 0.00 0.17 0.27 0.07 I .63 17.71 0.03 19.55 

I986 0.00 3.56 0.32 0.73 0.09 0.46 5.92 0.02 10.73 

1987 0.01 0.00 0.42 0.30 0.12 3.82 26.61 0.05 30.04 

1988 0.01 0.15 0.20 0.22 0.86 2.19 36.45 0.18 38.84 

1989 0.20 0.28 1.16 0.91 1.20 I .95 35.44 0.24 39. I8 

I990 0.08 0.43 2.24 1.88 I .68 2.97 42.36 0.3 I 41.69 

1991 0.01 

I992 0.01 

I993 0.01 

I994 0.03 

I995 0.01 

I996 0.03 

0.07 0.41 0.44 0.14 1.51 30.64 0.12 32.90 

0.05 0.22 0.15 0.48 1.34 50.85 0.15 52.02 

0.13 0.23 0.22 1.19 I .29 6.46 0.32 9.58 

0.12 0.37 0.25 0.47 2.61 18.32 0.13 21.53 

0. IO 0.39 0.35 0.61 1.33 9.15 0.12 12.34 

0.42 0.24 0.32 0.65 1.29 3.47 0.17 6.45 

0.01 0.05 0.32 0.50 0.76 I .99 13.65 0.14 16.86 I997 
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Table X-21 b.-Annual CMR values by year for Atlantic Tomcod for 13 Regions and estimated flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STEAM W ESTCH ESTER 

1974 5 61 3.65 0 26 0.62 2.98 000 0 00 12 55 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO RIVERWIDE 

1975 9 16 6 75 I 20 0.25 2 71 000 000 18 78 

I976 10 60 8 76 0 94 0 36 2 89 0 00 000 21 82 

1977 5 43 10 I5 3 41 1.02 I14 000 000 I9 69 

I978 

1979 

I980 

1981 

I982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

I992 

I993 

1994 

I995 

I996 

9.18 

6.85 

6.10 

7.88 

6.57 

6.65 

5.77 

6.70 

8.22 

4.53 

7.15 

7.47 

6.72 

6.65 

7.25 

5.38 

4.48 

6.75 

1.61 

10.60 

18.80 

25.47 

11.68 

17.47 

7.69 

16.58 

34.50 

11.36 

14.61 

23.94 

4.49 

5.52 

6.99 

14.1 I 

3.67 

7.57 

5.77 

8.47 

2.32 

2.33 

1.81 

1.65 

1.72 

1.59 

1.61 

2.03 

1.82 

2.17 

1.84 

I .72 

2.00 

1.81 

1.66 

I .05 

1.57 

1.19 

0.84 

0.8 I 

0.71 

0.58 

0.60 

0.70 

0.59 

0.70 

0.78 

0.70 

0.86 

0.78 

0.68 

0.80 

0.63 

0.51 

0.29 

0.47 

0.50 

0.3 I 

2.96 

1.53 

5.13 

4.01 

3.95 

2.31 

1.45 

3.95 

3.58 

I .79 

3.25 

2.74 

2.62 

5.71 

2.65 

I .42 

2.47 

3.36 

I .09 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

OW 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.02 

0.00 

0.00 

0.00 

0.00 

0.01 

0.00 

0.00 

0.00 

0.01 

0.00 

0.95 

1.86 

1.69 

0.98 

1.57 

0.99 

0.82 

0.98 

0.98 

0.78 

0.80 

I .sa 

0.52 

23.66 

27.78 

35.19 

23.65 

27.72 

17.65 

25.03 

44.01 

24.82 

23.1 I 

34.50 

16.93 

17.25 

20.91 

24.87 

12.03 

16.31 

17.85 

12.39 

I997 0.55 10.35 I .63 0.74 I .47 0.00 0.00 0.71 14.83 
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Table X-21c.-Annual CMR values by year for Bay Anchovy for 13 Regions and estimated flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STEAM W ESTCH ESTER 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVE'IT STATE PLAZA STATION RESCO RIVERWIDE 

1974 5.00 7.3 I 0 05 0.04 7.95 0.00 0 01 19.03 

1975 

1976 

1977 

1978 

1979 

I 980 

1981 

1982 

1983 

1984 

I 985 

1986 

1987 

1988 

1989 

I990 

1991 

I992 

1993 

I994 

1995 

1996 

4.20 

3.67 

4.96 

6.00 

6.30 

6.35 

4.01 

I .a2 

2.95 

3.01 

3.07 

I .a4 

5.50 

5.21 

3.59 

5.24 

3.72 

3.55 

3.17 

2.69 

3.55 

1.27 

6.61 

3.45 

13.78 

12.54 

10.80 

18.44 

18.56 

4.19 

9.04 

6.26 

10.06 

5.07 

9.99 

17.73 

7.96 

20.85 

9.09 

7.12 

7.08 

5.94 

14.99 

15.55 

0.18 

0.20 

0.22 

0.48 

0.52 

0.21 

0.23 

0.3 I 

0.51 

0.43 

0.47 

0.13 

0.38 

0.76 

0.11 

I .07 

1.44 

0.20 

0.50 

0.09 

I .a2 

0.07 

0.07 

0.07 

0.07 

0.14 

0.16 

0.09 

0.1 I 

0.14 

0.21 

0.20 

0.20 

0.06 

0.11 

0.29 

0.03 

0.40 

0.59 

0.08 

0.29 

0.04 

0.96 

0.05 

6.10 

3.41 

8.00 

7.86 

4.11 

9.07 

8.94 

5.29 

6.34 

4.63 

8.17 

4.52 

5.67 

6.83 

4.62 

8.48 

6.99 

6.82 

7.03 

6.85 

6.74 

7.19 

0.05 

0.00 

0.02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.05 

0.00 

0.01 

0.02 

0.00 

0.00 

0.00 

0.01 

0.01 

0.01 

0.0 I 

0.00 

0.63 

0.06 

0.21 

0.00 

0.04 

0.02 

0.01 

0.02 

0.00 

0.01 

0.57 

0.01 

0.14 

0.25 

0.01 

0.03 

0.01 

0.20 

0.15 

0.07 

0.05 

0.00 

0.82 

1.11 

0.71 

1.21 

1.13 

OS7 

1.10 

0.95 

0.74 

0.82 

0.85 

0.96 

0.94 

16.76 

10.47 

25.00 

24.71 

20.43 

30.77 

29.06 

11.32 

17.93 

14.55 

21.84 

I 1.84 

2 I .25 

29. I I 

15.97 

33.12 

21.01 

17.54 

17.81 

15.66 

26.40 

23.44 

1997 3.61 6.62 1.78 0.98 7.95 0.01 0.05 0.98 20.25 
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Table X-21d.-Annual CMR values by year for River Herring for 13 Regions and estimated flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. The values shown for the Albany Steam Station are the same as for 
12 regions. 

ALBANY 
BOWLINE EMPIRE STEAM W ESTCHESTE R 

RIVERWIDE YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO 

1974 0.17 0.83 0.64 2.91 0.47 1.76 22.03 27. I8 

1975 

1976 

1977 

1978 

I979 

I980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

I994 

0.19 

0.79 

0.49 

0.2 I 

0.09 

0.06 

0.02 

0.17 

0.31 

0.15 

0.00 

0.01 

0.01 

0.04 

0.4 1 

0.85 

0.08 

0.06 

0.04 

0.07 

I .42 

1.85 

2.47 

1.26 

2.24 

0.48 

0.57 

0.81 

3.05 

5.34 

0.02 

0.92 

0.04 

0.5 I 

1.41 

2.94 

0.41 

0.4 I 

0.23 

0.49 

13.00 

5.70 

6.26 

2.99 

4.10 

2.87 

2.30 

I .90 

4.60 

I .65 

1.03 

I .62 

2.89 

3.59 

4.53 

2.31 

1.55 

2.04 

0.9 I 

I .96 

13.17 

4.38 

8.81 

2.01 

3.22 

2.62 

2.46 

1.87 

4.97 

1.56 

1.95 

3.70 

2.04 

4.26 

3.09 

1.94 

1.07 

1.20 

0.69 

1.18 

0.45 

0.58 

0.43 

0.34 

0.10 

0.48 

0.23 

1.51 

1.09 

1.26 

0.01 

0.10 

0.06 

0.19 

1.17 

I .24 

0.27 

0.43 

0.41 

0.34 

1.53 

I .61 

1.57 

1.75 

1.85 

I .23 

0.30 

0.42 

0.91 

1.10 

1.16 

0.26 

3.82 

I .35 

I .74 

I .95 

1.31 

1.68 

0.95 

1.75 

18.57 

19.78 

17.58 

20.95 

18.34 

18.58 

6.59 

3.46 

8.26 

15.57 

I 1-02 

3.83 

25.98 

16.01 

23.49 

20.96 

17.80 

35.74 

8.21 

I I .95 

0.33 

0.00 

0.03 

0.02 

0.05 

0.24 

0.30 

0.05 

0.09 

0.12 

0.11 

40.67 

31.11 

32.98 

27.51 

27.41 

24.71 

11.99 

9.74 

21.21 

24.80 

14.69 

10.09 

32.36 

24.12 

32.67 

29.65 

2 I .62 

39.45 

I I .25 

17.03 

199s 0.02 0.12 4.23 3.80 0.13 I .37 5.44 0.04 14.34 

t 996 0.01 0.49 1.31 1.55 0.21 I .73 2.56 0.07 7.70 

1997 0.22 0.60 4.83 6.09 1.28 2.08 9.13 0.29 22.37 



Table X-2 1 e.-Annual CMR values by year for Striped Bass for 13 Regions and estimated flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. 

ALBANY 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION 
BOWLINE EMPfRE STEAM W ESTCHESTER 

RESCO RIVERWIDE 

1974 0 72 5 65 0 38 2 16 2 96 000 0 03 I I  43 

1975 0 99 7 78 I71 I 54 3 16 0 os 0 20 14 64 

1976 1 45 4 73 2 62 2 54 I61 0 05 0 34 I2 68 

I977 0 98 13 89 2 IS I 80 1 76 0 04 0 15 19 67 

1978 1.35 8.55 1.41 1.19 2.13 0.00 0.0 I 

I979 1.09 11.92 2.14 I .64 1.41 0.01 0.04 

I980 0.95 11.87 3.27 2.72 2.35 0.02 0.09 

1981 0.23 4.17 0.43 4.15 2.32 0.02 0.22 

1982 0.67 6.99 2.90 4.84 2.74 0.01 0.04 

14.00 

17.36 

19.88 

I I .07 

17.02 

1983 0.58 7.36 2.34 2.33 5.10 0.02 0.08 16.72 

I984 2.72 17.23 I .72 1.87 1.72 0.01 0.03 1.28 24.71 

1985 0.07 3.97 2.09 2.57 0.76 0.23 0.66 0.63 10.53 

1986 0.98 

1987 0.47 

I988 0.94 

16.26 

2.30 

11.63 

3.99 

4.7s 

2.90 

5.04 

7.43 

3.47 

1.59 0.01 0.08 

0.72 0.08 0.2 I 

2.13 0.02 0.14 

I .26 26.61 

0.68 15.69 

I .39 20.94 

I989 0.96 5.96 2.28 2.39 1.82 0.01 0.04 1.14 13.82 

1990 0.67 6.12 3.97 4.44 1.85 0.02 0.11 0.91 16.88 

1991 0.67 4.95 3.62 4.13 6.14 0.23 1.15 1.12 20.16 

I992 0.78 6.16 2.87 2.46 2.42 0.01 0.42 I .52 15.60 

I993 0.4 I 5.60 1.25 t 36 1.36 0.02 0.14 0.93 11.12 

I994 0.71 6.81 I .54 0.99 2.18 0.02 0.03 1.32 12.97 

I995 0.36 4.22 2.91 2.67 I .24 0.06 0.10 0.84 I I .82 

I996 0.10 12.01 I .44 I .93 I .46 0.02 0.01 1.01 17.16 

1997 0.46 I .42 3.00 3.62 I .92 0.04 0.07 I .33 11.31 
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Table X-21 f.-Annual CMR values by year for Spottail Shiner for 13 Regions and estimated flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. The values shown for the Albany Steam Station are the same as for 
12 regions. 

ALBANY 
BOWLINE EMPIRE STEAM WESTCHESTER 

1974 0 49 0.87 0.22 0.66 0.24 3.32 5 75 I I  I I  

RWERWIDE YEAR POINT INDIAN POINT HOSETON DANSKAMMER LOVETT STATE PLAZA STATION HESCO 

1975 

1976 

1977 

I978 

I979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

I990 

1991 

I992 

I993 

I994 

0.56 

1.17 

0.43 

0.79 

0.64 

0.23 

0.36 

0.60 

0.43 

0.55 

0.35 

0.42 

0.43 

0.39 

0.70 

0.46 

0.62 

0.31 

0.32 

0.36 

1.04 

1.38 

1.41 

2.32 

1.62 

I .66 

3.43 

2.06 

3.17 

1.58 

1.77 

1.55 

1.53 

4.10 

8.32 

2.18 

3.92 

0.99 

0.89 

1.10 

0.65 

1.14 

0.59 

0.73 

1.45 

1.06 

0.88 

0.91 

1.70 

0.79 

0.92 

I .44 

I .39 

I .30 

0.93 

1.07 

1.14 

1.09 

0.83 

I .20 

1.32 

I .03 

I .00 

1.14 

I .66 

2.26 

1.06 

I .07 

I .24 

1 .oo 
1.15 

1.91 

I .06 

2.66 

1.73 

2.06 

3.06 

0.48 

0.64 

0.75 

0.27 

0.38 

0.18 

0.47 

0.40 

0.30 

0.46 

0.36 

1.37 

0.19 

0.41 

0.34 

0.16 

0.52 

0.76 

0.26 

2.66 

0.24 

0.56 

0.38 

5.98 

3.04 

8.80 

5.87 

3.74 

4.59 

2.00 

3.96 

4.72 

5.25 

5.41 

3.69 

6.22 

5.43 

4.12 

4.79 

3.46 

2.15 

2.82 

3.96 

10.14 

5.48 

14.91 

10.01 

6.51 

7.96 

5.39 

6.68 

8.11 

9.35 

6.48 

4.69 

8.42 

7.57 

7.12 

7.61 

8.57 

6.35 

4.94 

5.18 

0.28 

0.36 

0.40 

0.28 

0.29 

0.35 

0.30 

0.45 

0.30 

0.28 

0.27 

18.72 

I2 93 

25.17 

19.82 

15.09 

16.94 

12.92 

14.77 

19.16 

17.82 

15.84 

13.64 

18.20 

20 43 

21 94 

17.48 

21.73 

11.44 

10.84 

12.56 

I995 0.27 2.54 0.86 0.56 0.28 2.90 2.78 0.19 9.98 

I996 0.20 I .a9 0.59 0.56 0.48 4.34 2.85 0.34 10.78 

1997 0.29 0.64 I .02 0.62 0.33 4.69 3.17 0.34 10.67 
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Table X-2lg.-Annual CMR values by year for White Perch for 13 Regions and estimated flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. The values shown for the Albany Steam Station are the same as for 
12 regions. 

ALBANY 
BOWLINE EMPIRE STEAM WESTCHESTER 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO RIVERWIDE 

I974 9 10 7 45 0 80 4.21 2 73 0 21 0 98 23 21 

I975 2.96 8.65 6.40 6.89 1.93 0.40 1.81 

1976 2.18 3.22 5.98 6.19 0.69 0.47 1.99 

25.90 

19.63 

1977 2.11 7.27 5.82 5.28 I .oo 0.49 1.35 2 I .30 

1978 1.17 5.28 4.27 2.63 0.61 0.93 I .74 IS 57 

I 979 0.85 8.02 5.91 4.23 0.43 0.25 1.17 19.34 

I980 0.38 3.36 6.04 5.94 0.73 0.39 2.03 17.58 

1981 0.32 6.54 1.72 3.74 1.32 0.16 0.92 I 3  96 

1982 0.17 4.33 2.49 2.18 

1983 1.01 17.23 5.78 3.97 

I984 0.65 8.92 3.88 3.31 

1985 0.05 0.55 3.53 3.88 

i .2a 0.50 2.30 

3.16 0.39 1.57 

0.98 0.50 I .76 0.44 

0.24 0.3 1 0.78 0.12 

12.57 

29.62 

18.97 

9 I5 

1986 0.28 4.07 9.40 14.44 0.61 0.08 0.30 0.28 26.79 

1987 0.01 0.66 6.87 7.54 0.38 0.64 0.68 0.22 16.09 

I 988 0.53 

I989 0.78 

1990 0.38 

7.94 

4.03 

3.48 

4.93 

6.66 

5.40 

4.88 

4.98 

5.27 

1.80 

I .30 

I .07 

0.57 

0.48 

0.89 

I .40 

2.62 

2.49 

0.65 

0.54 

0.35 

20 79 

I9 65 

17.91 

1991 0.22 I .40 7.45 6.08 1.70 0.29 0.99 0.34 17.29 

I992 0.28 2.70 6.17 4.31 I .29 0.2 I I .94 0.54 16.31 

1993 0.12 2.34 I .77 2.96 1.14 0.2 I 0.38 0.42 9.M) 

0.28 3.14 4.56 2.19 0.89 0.42 0.64 0.39 1 I .92 I994 

I995 0.09 I .92 5.04 4.29 0.47 0.37 0.34 0.27 12.22 

0.07 4.88 2.90 2.61 0.50 0.58 0.30 0.23 I I  55 I996 

I997 0.16 I .29 4.29 6.24 I .66 0.53 0.73 0.49 14 54 
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Table X-22a.--Annual CMR values by year for American Shad for 12 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
EMPIRE STATE STEAM WESTCHESTER BOWLINE 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT PLAZA STATION RESCO RIVERWIDE 

1974 

I975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

I984 

1985 

I986 

1987 

1988 

1989 

I990 

1991 

I992 

I993 

I994 

1995 

I996 

0.13 

0.13 

0.28 

0.03 

0.11 

0.05 

0 

0.03 

0.19 

0.02 

0.07 

0 

0 

0.01 

0.01 

0.25 

0.1 I 

0.01 

0.01 

0.01 

0.04 

0.01 

0’04 

0.3 

0.48 

0.42 

0.61 

0.31 

9.24 

0.04 

0.22 

0.57 

0.1 1 

9.4 

0 

4.49 

0 

0.21 

0.33 

0.49 

0.1 1 

0.09 

0.2 

0.15 

0.14 

0.5 I 

0.19 

3.3s 

2.51 

I .77 

2.4 

1.32 

0.39 

0.43 

0.4 I 

0.87 

1.36 

0.22 

0.4 

0.53 

0.24 

I .45 

I .68 

0.5 

0.27 

0.27 

0.44 

0.48 

0.31 

1 .os 

2.54 

I .59 

1.16 

1.49 

1.13 

0.35 

0.95 

I .07 

1.4 

1.06 

0.32 

0.85 

0.36 

0.26 

1.08 

I .7 

0.48 

0.19 

0.26 

0.3 

0.45 

0.43 

0.75 

1.13 

0.64 

I .49 

0.45 

0.08 

0.15 

0.25 

1.25 

0.61 

I .36 

0.08 

0.1 

0.15 

0.93 

1.33 

I .53 

0.77 

0.59 

1.39 

0.52 

0.66 

0.68 

0 1 1  

1 84 

19 

0 38 

0 78 

I71 

2 

0 95 

0 72 

I28 

0 98 

I 63 

0 46 

3 82 

2 19 

I 90 

3 43 

I SI 

I34 

I29 

2 61 

I33 

I 2 1  

I .24 

36.56 

37.04 

3.38 

18.09 

31.72 

42.26 

15.64 

10 

18.16 

12.58 

20.5 I 

6.58 

31.75 

42.78 

41.7 

57.42 

36.23 

58.82 

7.9s 

22.24 

12.09 

4.16 

0.32 

0.03 

0.02 

0.05 

0.18 

0.24 

0.29 

0.12 

0.16 

0.32 

0.13 

0.12 

0. I ?  

3.71 

42.36 

41.54 

8.52 

22.55 

34.76 

43.94 

18 

13.73 

21.63 

24.8 

22.32 

12.41 

35.07 

45.05 

45.47 

61.22 

38.43 

59.9 

11.35 

25.46 

14.86 

7.39 

1997 0.01 0.07 0.34 0.58 0.79 2 16.61 0.13 19.84 

68 



-. 

Table X-22b.-AnnuaI CMR values by year for Atlantic Tomcod for 12 Regions and 100% flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STEAM WESTCHESTER 

RIV ERW [DE YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO 

1974 10.7 7.55 0.43 0.94 5.41 0 0.01 

1975 16.13 12.7 I .79 0.35 4.57 0 0.01 

22.98 

31.62 

1976 19.7 14.44 1.71 0.62 4.84 0 0.01 36.15 

1977 9.92 15.47 4.99 1.47 I .63 0 0 29.88 

1978 16.95 18.1 3.72 I .26 5.25 0 0 01 38.75 

1979 10.93 27.28 4.15 1.12 2.42 0 0 40. I 

1980 11.22 39.43 3.03 0.77 8.74 0 

1981 14.1 2 I .98 2.57 0.93 7.57 0 

1982 12.09 26.48 2.78 1.1 7.47 0 

1983 12.34 13.17 2.44 0.9 3.95 0 

1984 10.65 24.77 2.51 I .07 2.75 0 

1985 11.56 39.97 3.4 1.24 6.9 0 

0 52.78 

0 40.21 

0 42.5 

0 29.32 

0 I 37.57 

0 1.91 53.75 

1986 14.61 21.12 2.88 1.11 6.69 0 0.04 I .8 40.74 

1987 8.48 22.02 3.64 1.39 3 0 0 I .03 34.9 

1988 13.59 

I989 14.43 

I990 12.99 

1991 12.64 

33.66 2.92 1.18 6.46 0 0 1.68 

6.3 2.58 1.01 4.77 0 0 I .06 

9.83 3.23 1.28 4.41 0 0 0.88 

11.71 2.68 0.89 6.17 0 0.04 I .OS 

49.42 

27. I5 

28.98 

30.96 

I992 13.47 24.09 2.51 0.79 4.87 0 0 I .04 40.19 

I993 9.5 I 5.49 1.57 0.44 2.28 0 0 0.83 18.78 

1994 8.07 12.59 2.38 0.71 4.31 0 0 0.85 26. I 

1995 12.74 12.44 2.41 0.96 6.27 0 0.02 1.82 32.06 

I996 

I997 

2.49 14.36 1.28 0.48 2 0 0 0.55 20.04 

1.11 28.03 2.45 1.13 4.15 0 0 I .07 34.92 
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Table X-22c.--Annual CMR values by year for Bay Anchovy for 12 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STEAM WESTCH ESTER 

RIVERWIDE YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO 

I974 5.73 8.21 0.2 I 0.05 8.46 0 0 01 21 

1975 4.63 7.09 041 0.08 6.5 I 0 05 0 65 18 14 

I976 4.32 4.06 0.65 0.1 3.85 0 0 05 12 45 

1977 

1978 

1979 

I980 

1981 

1982 

1983 

1984 

1985 

I986 

1987 

1988 

1989 

I990 

1991 

1992 

I993 

I994 

1995 

1996 

5.28 

6.66 

6.69 

6.75 

4.55 

2.26 

3.41 

3.42 

3.35 

2.36 

6.24 

6.08 

4.53 

6.34 

4.5 I 

3.94 

3.43 

3.47 

3.83 

1.46 

14.14 

13.76 

11.29 

19.26 

20.42 

4.8 

9.97 

7.03 

10.73 

5.99 

11.02 

20.15 

9.69 

25.17 

11.11 

7.75 

7.65 

8.16 

15.95 

18.24 

0.66 

1.14 

I .3 

0.62 

0.61 

0.73 

I .05 

0.94 

0.86 

0.43 

0.87 

1.52 

0.56 

I 72 

2.44 

0.4 I 

0.93 

0.24 

2.45 

0. I 

0.09 

0.17 

0.2 

0.11 

0.13 

0.16 

0.24 

0.24 

0.22 

0.07 

0.12 

0.39 

0.04 

0.43 

0.68 

0.08 

0.33 

0.06 

1.01 

0.05 

8.2 

8.29 

4.38 

9.48 

9.7 

5.75 

6.86 

5.07 

8.64 

4.98 

6.14 

7.56 

5.31 

9.91 

8.02 

7.63 

7.46 

8.23 

7.2 

7.99 

0.01 

0 

0 

0 

0 

0 

0 

0 

0.05 

0 

0.01 

0.02 

0 

0 

0 

0.01 

0.01 

0.02 

0.0 I 

0 

0.19 

0 

0.03 

0.02 

0.01 

0.03 

0 

0.01 

0.55 

0.01 

0.12 

0.31 

0.01 

0.03 

0.01 

0.27 

0.15 

0.12 

0.05 

0 

0.89 

1.18 

0.8 

1.31 

1.24 

0.66 

1.3 

1.1 

0.83 

0.88 

I .03 

I .03 

I .06 

26.06 

27.14 

22.07 

32.35 

3 I .92 

13.11 

20.06 

16.52 

23.41 

13.92 

23.59 

33.07 

19.4 

39.04 

25.19 

19.44 

19.35 

19.83 

28.35 

26.77 

1997 3.92 7.47 2.35 1.12 8.37 0 01 0.04 1.04 22.2 
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Table X-22d.-Annual CMR values by year for River Herring for 12 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
EMPIRE STEAM WESTCHESTER BOWLINE 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO RIVERWIDE 

I974 0.2 1 I .07 0.76 3.31 0.58 I 76 25 26 30 84 

1975 

1976 

1977 

1978 

I979 

I980 

1981 

I982 

1983 

1984 

1985 

I986 

1987 

1988 

1989 

1990 

1991 

1992 

I993 

1994 

1995 

1996 

0.23 

0.99 

0.61 

0.26 

0.11 

0.07 

0.03 

0.19 

0.36 

0.18 

0 

0.01 

0.59 

0.05 

0.51 

I .07 

0. I 

0.07 

0.05 

0.09 

0.03 

0.01 

1.82 

2.37 

3.2 

1.61 

2.14 

0.72 

0.74 

1.27 

14 

6.66 

0.02 

1.15 

0.05 

0.66 

I .7 

3.86 

0.52 

0.59 

0.39 

0.65 

0.18 

0.66 

13.65 

6.8 

7.01 

3.77 

5.05 

3.42 

2.97 

4.12 

21.73 

2.07 

1.26 

2.1 I 

3.05 

4.41 

6.07 

3.05 

2.05 

2.66 

I .26 

2.62 

4.9 

1.79 

13.49 

4.96 

9.12 

2.29 

3.76 

2.98 

3.09 

2.15 

20.02 

2.1 

2.06 

4.05 

2.78 

4.83 

4.12 

2.55 

1.36 

I .66 

I .06 

I .68 

4.5 I 

2.22 

0.55 

0.71 

0.52 

0.37 

0.13 

0.58 

0.26 

1.88 

1.18 

1.54 

0.01 

0.12 

0.06 

0.23 

1.28 

I .38 

0.27 

0.54 

0.48 

0.39 

0.16 

0.24 

1.54 

I .62 

1.57 

I .75 

1.85 

1.23 

0.3 

0.42 

0.91 

1 . 1  

1.16 

0 26 

3.82 

1.3s 

I .75 

I 95 

1.31 

I .68 

0.95 

1.77 

1.37 

1.73 

22.06 

23.64 

2 I .2s 

25.39 

21.42 

22.24 

8.19 

4.28 

9.58 

18.73 

13.25 

4.68 

31.35 

19.41 

28.02 

24.83 

21.39 

41.74 

10.15 

14.87 

6.69 

3.16 

0.33 

0 

0.03 

0.02 

0 OS 

0.24 

0.3 

0.05 

0.09 

0.12 

0.1 I 

0.04 

0.07 

44.16 

36.13 

37.3 

32.61 

3 I .62 

29.02 

14.82 

13.54 

52.51 

29.55 

17.1 

I I .88 

38.22 

28.38 

38.66 

34.89 

25.74 

45.87 

13.96 

20.92 

16.76 

9.5 

1997 0.31 I .23 3.78 7.16 I .95 2 54 9.82 0.39 24.5 
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Table X-22e.-Annual CMR values by year for Striped Bass for 12 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STEAM WESTCHESTER 

RIVERWIDE YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO 

1974 3.08 18 22 I .32 7.04 7.28 0 0 os 32.62 

1975 3.97 24.3 I 6.01 4.93 7.98 0.05 0.65 40.65 

I976 5.7 15.4 8.73 7.3 1 4.91 0.05 0.76 36.34 

I977 3.86 40.44 7.39 5.72 5.67 0.04 0.52 53.1 I 

1978 5.46 26.07 5.28 3.51 6.3 0 0.03 

1979 5.28 35.64 6.57 4.65 4.44 0.0 I 0. I 

40.16 

48.16 

I 980 4.15 28.73 10.66 8.35 7.24 0.02 0.27 48.27 

1981 0.8 13.5 1.5 9.57 6.19 0.02 0.32 28.54 

I982 14.39 22.5s 12.87 12.08 9.09 0.01 0.14 

1983 2.08 23.71 8.23 5.28 7.91 0.02 0.24 

53.9 

40.36 

1984 9.5 41.43 6.12 4.09 5.39 0.01 0.12 I .29 55.48 

1985 0.25 12.87 14.86 9.86 2.37 0.23 2.53 0.63 37.07 

1986 3.55 46.68 13.52 12.03 5.48 0.01 0.15 I .26 63.54 

1987 I .68 7.3 13.06 15.07 2.57 0.08 0.76 0.69 35.43 

1988 4.12 34.65 9.24 9.28 7.47 0.02 0.22 I .39 53.04 

I989 3.94 9.09 8.05 7.24 6.14 0.01 0.14 1 . 1 5  31 

I 990 3.49 18.62 12.31 11.39 6.78 0.02 0.26 0.91 43 78 

1991 2.84 16.42 10.99 9.66 6.2 0.23 4.39 1.12 42.23 

I992 3.26 20. I 8 9.03 7.25 8.52 0.01 0.5 1.52 41.6 

1993 I .92 18.2 I 4.24 5.61 4.53 0.02 0.31 0.93 31.65 

I994 2.79 2 1.95 5.75 3.37 7.29 0.02 0.12 1.32 36.87 

I995 1.64 14.2 1 10.16 9.02 4.23 0.06 0.38 0.84 34.79 

I996 0.4 I 33.65 5.1 I 6.16 4.83 0.01 0.05 I 44.59 

I997 t .E2 4.79 9.29 9.31 6.09 0.04 0.21 1.3 28.91 

72 
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Table X-22f.---Annual CMR values by year for Spottail Shiner for 12 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
STEAM WESTCHESTER BOWLINE EMPIRE 

YEAR POlNT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION R ESCO RIVERWIDE 

I974 3 71 6 34 I 72 2.36 I 84 3 32 36 93 48 2 

1975 4.27 7.73 4.95 2.78 2.06 5.98 56.28 67.14 

1976 8.69 10.09 8.54 3.1 2.89 3.04 35.4 55.74 

1977 3.26 10.23 4.51 1.82 1.27 8.8 71.62 

1978 6 12.01 5.49 1.75 2.02 5.87 55.99 

1979 4.85 10.64 10.74 3.81 I .26 3.74 40.74 

I980 1.79 5.74 7.93 3.31 0.88 4.59 47.57 

7Y.19 

68.82 

58.88 

59.14 

1981 2.74 12.24 6.06 2.91 2.09 2 34.97 SI .43 

1982 4.53 9.85 6.86 3.12 2.64 3.96 41.54 57.55 

1983 3.19 8.77 8.3 3.5 I .69 4.72 48.17 62.06 

I984 3.44 6.71 5.9 2.85 1.38 5.25 53.38 0.28 64.22 

I 985 2.43 8.88 6.93 3.14 2 5.41 40.55 0.36 55.99 

1986 3.22 J I . 1 1  

1987 3.28 6.33 

1988 3.01 11.13 

10.66 

8.03 

9.13 

5.18 I .95 3.69 

2.9 1.04 6.22 

4.06 1.62 5.43 

31.13 

49.55 

45.79 

0.4 

0.28 

0.29 

52.8 

62.22 

62.2 

1989 5.27 13.94 6.98 2.77 2.32 4.12 43.72 0.35 61.28 

1990 3.53 11.49 7.97 3.73 1.79 4.79 45.95 0.3 61 88 

1991 4.69 13.5 8.54 3.82 2.66 3.46 50.14 0.45 66. I7 

1992 2.38 7.37 8.18 3.65 1.82 2.15 39.93 0.3 53 97 

1993 2.15 6.1 I 6.M 3.28 I .62 2.82 32.56 0.28 46 32 

I994 2.18 5.66 7.39 3.88 I .68 3.96 33.84 0.27 48.82 

1995 1.61 6.61 5.09 3.19 1.2 2.9 19.65 0.19 35.05 

I996 1.51 13.76 4.45 4.28 I .91 4.34 20.06 0.34 41.92 

I997 1.91 4.85 6.45 3.48 1.81 4.69 22.04 0.34 38.73 
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Table X-22g.-Annual CMR values by year for White Perch for 12 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
STEAM WESTCHESTER BOWLINE EMPIRE 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO RIVERWIDE 

I974 9.62 11.1 1  1.98 7. I 3 79 0 27 I16 30 61 

1975 

I976 

1977 

1978 

I979 

1980 

1981 

1982 

1983 

1984 

1985 

I986 

1987 

I988 

1989 

I990 

1991 

3.86 

2.86 

2.41 

I .74 

I .22 

0.59 

0.56 

0.28 

1.83 

1.13 

0.06 

0.54 

0.01 

0.99 

1.36 

0.71 

0.37 

14.49 

5.53 

11.96 

8.97 

13.46 

5.19 

11.06 

7.53 

28.88 

15.02 

0.96 

7.13 

1.13 

13.59 

5.3 

5.9 

2.63 

11.81 

9.65 

12.2 

12.36 

12.3 

12.75 

2.87 

3.88 

12.41 

6.67 

5.88 

16.85 

12.54 

13.34 

15.06 

13.39 

17.24 

10.18 

8.52 

8.42 

5.99 

7.25 

9.5 

8.46 

3.17 

7.25 

4.94 

5.53 

19.47 

10.71 

9.46 

9.78 

9.89 

11.53 

3.32 

1.24 

I .as 

I .08 

0.78 

I .45 

2.54 

2.4 

4.68 

I .84 

0.47 

1.15 

0.78 

3.45 

2.41 

2.14 

I .85 

0.4 

0.47 

0.49 

0.93 

0.25 

0.39 

0.16 

0.5 

0.39 

0.5 

0.31 

0.08 

0.64 

0.57 

0.48 

0.89 

0.29 

2.32 

2.66 

2. I 

2.81 

1.72 

2.85 

1.51 

2.51 

2.04 

2.87 

1.19 

0.47 

1.1 

1.95 

2.89 

3.54 

1.41 

0.44 

0.12 

0.29 

0.22 

0.65 

0.54 

0.35 

0.37 

38.75 

21.42 

33.94 

29.8 

32 36 

29.03 

24.64 

18.79 

47 24 

29.61 

13 82 

39 38 

24.9 

37.22 

17 85 

32 02 

31.73 

1992 0.5 I 4.84 12.36 8.06 2.54 0.21 2.27 0.54 27.89 

1993 0.25 4.15 6.26 6.03 2.27 0.2 I 0.53 0.42 18.63 

I 994 0.5 5.45 12 5.59 1.61 0.41 0.83 0.39 24.34 

1995 0.17 3.41 8.79 6.58 0.87 0.37 0.53 0.27 19.52 

I996 0.13 8.32 8.25 7.27 0.89 0.59 0.39 0.23 23 72 

1997 0.35 2.34 9.34 9.98 3.32 0.53 I .01 0.49 24.76 
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Table X-23a.-Annual CMR values by year for American Shad for 13 Regions and 100% flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STEAM W ESTCHESTER 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO RIVERWIDE 

I974 0.13 

1975 0.13 

1976 

1977 

1978 

1979 

I980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

I993 

I994 

I995 

I996 

0.28 

0.03 

0.11 

0.05 

0.00 

0.02 

0.19 

0.02 

0.07 

0.00 

0.00 

0.01 

0.01 

0.25 

0.10 

0.01 

0.01 

0.01 

0.04 

0.01 

0.04 

0.27 0.19 0.98 0.75 0.1 I 

0.44 3.34 2.49 1.13 1.84 

0.40 

0.47 

0.29 

0.23 

0.03 

0.22 

0.54 

0.1 I 

9.33 

0.00 

4.49 

0.00 

0.16 

0.29 

0.45 

0.08 

0.06 

0. I5 

0.14 

0.11 

0.49 

2.52 

I .77 

2.40 

I .32 

0.39 

0.43 

0.42 

0.87 

I .36 

0.22 

0.40 

0.53 

0.24 

I .45 

2.66 

0.50 

0.27 

0.27 

0.44 

0.48 

0.30 

1.57 

1.13 

1.45 

1.11 

0.3 I 

0.93 

1.07 

1.40 

0.85 

0.32 

0.85 

0.36 

0.23 

I .02 

2.08 

0.44 

0.18 

0.24 

0.28 

0.43 

0.38 

0.64 

I .49 

0.45 

0.08 

0.15 

0.24 

1.25 

0.60 

1.35 

0.08 

0.10 

0.15 

0.93 

1.32 

I .69 

0.14 

0.56 

1.39 

0.52 

0.66 

0.69 

1.90 

0.38 

0.78 

I .72 

2.00 

0.95 

0.72 

I .28 

0.98 

I .63 

0.46 

3.82 

2.19 

I .95 

2.97 

1.51 

1.34 

I .29 

2.61 

1.33 

I .29 

I .24 

36.57 

37.08 

3.38 

18.09 

31.72 

42.26 

15.64 

10.00 

18.17 

12.58 

20.51 

6.58 

31.75 

42.78 

41.70 

49.40 

36.23 

58.82 

7.95 

22.24 

12.09 

4.27 

0.32 

0.03 

0.02 

0.05 

0.18 

0.24 

0.31 

0.12 

0.15 

0.32 

0.13 

0.12 

0.17 

3.62 

42.31 

41.56 

8.37 

22.50 

34.75 

43.92 

17.97 

13.70 

2 I .62 

24.57 

22.32 

12.40 

35.07 

45.00 

45.40 

54.40 

38.37 

59.87 

11.29 

25.43 

14.82 

7.45 

I997 0.01 0.06 0.37 0.58 0.85 1.99 16.63 0.14 19.91 
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Table X-23b.-Annual CMR values by year for Atlantic Tomcod for 13 Regions and 100% flow-through mortality (actual 
flow). See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
WESTCHESTEH EMPIRE STEAM BOWLINE 

RIVERWIDE YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO 

1974 10.10 6 98 0.42 0.93 5 05 000 0.01 21 67 

1975 

1976 

1977 

1978 

1979 

I 980 

1981 

1982 

1983 

I 984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

I992 

1993 

1994 

16.04 

19.59 

9.79 

16.84 

10.85 

11.11 

13.48 

1 I .59 

11.72 

10.21 

11.17 

13.8 I 

8.01 

12.80 

13.48 

12.19 

11.76 

12.63 

9.0 I 

7.59 

12.59 

14.36 

15.20 

17.94 

26.69 

39.05 

21.14 

25.60 

12.46 

23.56 

39.05 

19.91 

20.79 

31.77 

6.17 

9.17 

I I .07 

22.65 

5.16 

11.77 

1.78 

I .67 

4.98 

3.71 

4.10 

3.00 

2.54 

2.75 

2.41 

2.48 

3.38 

2.83 

3.57 

2.88 

2.57 

3.17 

2.66 

2.50 

1.56 

2.36 

0.35 

0.61 

I .47 

1.26 

1.11 

0.76 

0.92 

I .09 

0.89 

1.05 

I .23 

I .08 

I .36 

1.15 

1.01 

I .24 

0.88 

0.78 

0.44 

0.70 

4.54 

4.82 

I .60 

5.21 

2.38 

8.67 

7.22 

7.10 

3.75 

2.57 

6.67 

6.29 

2.84 

6.00 

4.50 

4.18 

5.73 

4.60 

2.17 

4.04 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.01 

0.0 I 

0.00 

0.01 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.03 

0.00 

0.00 

0.00 

0.00 

0.03 

0.00 

0.00 

0.00 

0.95 

I .86 

I .69 

0.98 

1.57 

0.99 

0.82 

0.98 

0.98 

0.78 

0.80 

3 I .44 

35.95 

29.53 

38.51 

39.50 

52.37 

38.88 

41.22 

28.06 

36.09 

52 67 

38.89 

33.32 

47.15 

25.96 

27.52 

29.34 

38.24 

17.90 

24.75 

1995 11.39 10.58 2.10 0.85 5.56 0.00 0.02 I .58 28.53 

I996 2.45 13.41 1.26 0.47 I .as 0.00 0.00 0.52 1 8  96 

0.97 18.07 2.41 1.11 2.71 0.00 0.00 0.7 I 24.37 I997 

76 
i 
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Table X-23c.-Annual CMR values by year for Bay Anchovy for 13 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STEAM WESTCHESTER 

RIVERWIDE YEAH POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO 

I974 5.00 7 31 0.05 0.04 7 95 000 0 01 I9 03 

1975 4.20 6 61 0 18 0.07 6 10 0 05 0 63 16 76 

1976 

1977 

1978 

1979 

1980 ' 

1981 

1982 

1983 

I984 

I985 

I986 

1987 

1988 

1989 

I990 

1991 

1992 

I993 

1994 

3.67 

4.96 

6.00 

6.30 

6.35 

4.01 

1.82 

2.95 

3.01 

3.07 

I .84 

5.50 

5.21 

3.59 

5.24 

3.72 

3.55 

3.17 

2.69 

3.45 

13.78 

12.54 

10.80 

18.44 

18.56 

4.19 

9.04 

6.26 

10.06 

5.07 

9.99 

17.73 

7.96 

20.85 

9.09 

7.12 

7.08 

5.94 

0.20 

0.22 

0.48 

0.52 

0.21 

0.23 

0.3 I 

0.51 

0.43 

0.47 

0.13 

0.38 

0.76 

0.11 

1.07 

I .44 

0.20 

0.50 

0.09 

0.07 

0.07 

0.14 

0.16 

0.09 

0.11 

0.14 

0.21 

0.20 

0.20 

0.06 

0.1 I 

0.29 

0.03 

0.40 

0.59 

0.08 

0.29 

0.04 

3.41 

8.00 

7.86 

4.11 

9.07 

8.94 

5.29 

6.34 

4.63 

8.17 

4.52 

5.67 

6.83 

4.62 

8.48 

6.99 

6.82 

7.03 

6.85 

0.00 

0.02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.05 

0.00 

0.01 

0.02 

0.00 

0.00 

0.00 

0.01 

0.01 

0.01 

0.06 

0.21 

0.00 

0.04 

0.02 

0.01 

0.02 

0.00 

0.01 

0.57 

0.01 

0.14 

0.25 

0.01 

0.03 

0.01 

0.20 

0.15 

0.07 

0.82 

1.11 

0.71 

1.21 

1.13 

0.57 

1.10 

0.95 

0.74 

0.82 

0.85 

10.47 

25.00 

24.71 

20.43 

30.77 

29.06 

11.32 

17.93 

14.55 

2 1.84 

I 1  84 

2 I .25 

29.11 

15.97 

33.12 

2 I .01 

17.54 

17.81 

15.66 

I995 3.55 14.99 I .82 0.96 6.74 0.01 0.05 0.96 26.40 

1996 1.27 15.55 0.07 0.05 7.19 0.00 0.00 0.94 23.44 

1997 3.61 6.62 1.78 0.98 7.95 0.01 0.05 0.98 20.25 
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Table X-23d.-Annual CMR values by year for River Herring for 13 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
EMPIRE STEAM WESTCHESTER BOWLINE 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO RIVERWIDE 

1974 0 21 104 0 75 3 26 0 58 I76 25 26 30 78 

1975 0 23 178 13 54 13 31 0 55 I53 22 03 43 92 

1976 I 0 0  2 32 6 67 4 82 0 71 I61 23 59 35 88 

1977 

1978 

1979 

I980 

1981 

1982 

1983 

I984 

I985 

1986 

1987 

1988 

1989 

1990 

199% 

1992 

I993 

I994 

1995 

1996 

0.62 

0.26 

0.11 

0.08 

0.02 

0.2 1 

0.37 

0.19 

0.00 

0.01 

0.01 

0.05 

0.52 

1.07 

0.10 

0.07 

0.0s 

0.09 

0.03 

0.01 

3.05 

1.55 

2.72 

O S 5  

0.70 

I .oo 
3.80 

6.67 

0.02 

1.16 

0.05 

0.61 

I .47 

3.61 

0.50 

0.52 

0.28 

0.59 

0.15 

0.55 

6.95 

3.60 

4.85 

3.27 

2.85 

2.35 

5.38 

2.07 

1.27 

I .98 

3.20 

4.20 

5.54 

2.82 

1.89 

2.52 

I .06 

2.31 

4.63 

1.61 

9.04 

2.12 

3.47 

2.78 

2.90 

2.15 

5.81 

1.86 

2.15 

3.97 

2.28 

4.54 

3.40 

2.26 

1.16 

I .46 

0.77 

1.31 

4.05 

1.76 

0.52 

0.37 

0.13 

0.58 

0.26 

I .88 

1.18 

I .53 

0.01 

0.12 

0.06 

0.23 

1.28 

I .38 

0.27 

0.54 

0.48 

0.39 

0.16 

0.23 

1.57 

1.75 

1.85 

1.23 

0.30 

0.42 

0.91 

1.10 

I 16 

0.26 

3.82 

I .35 

I74 

I .95 

1.31 

I .68 

0.95 

1.75 

1.37 

I .73 

2 I .25 

25.39 

2 I .42 

22.24 

8.19 

4.28 

9.58 

18.73 

13.25 

4.68 

3 1.35 

19.36 

21.96 

24.79 

21.37 

41.55 

10.15 

14.73 

6.68 

3.16 

0.33 

0.00 

0.03 

0.02 

0.0s 

0.24 

0.30 

0.05 

0.09 

0.12 

0.11 

0.04 

0.07 

37.1 I 

32.33 

3 1.26 

28.64 

14.51 

11.72 

24.37 

29.38 

17.20 

1 I .69 

37.63 

27.93 

37.64 

34.33 

25.45 

43.47 

13.44 

20. I8 

16.09 

8.80 

1997 0.27 0.74 5.28 6.42 1 so 2.08 1 I .07 0.29 24.96 
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Table X-23e.-Annual CMR values by year for Striped Bass for 13 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION 
WESTCHESTEH 

RESCO 
BOWLINE EMPIRE STEAM 

RIVERWIDE 

I974 2.51 18.16 1.28 7.02 7.28 0.00 0.05 32.13 

1975 3.37 24.17 5.65 4.88 7.96 0.05 0.65 39.89 

1976 4.96 15.3 I 8.54 7.28 4.90 0.05 0.76 35.60 

1977 3.37 40.38 7.11 5.70 5.67 0.04 0.52 52.67 

1978 4.53 25.94 4.84 3.48 6.30 0.00 0.03 39.17 

1979 3.84 35.39 6.34 4.62 4.43 0.01 0.10 47.01 

1980 3.32 28.59 10.30 8.32 7.24 0.02 0.27 47.49 

1981 0.80 13.50 1.50 9.50 6.19 0.02 0.32 28.48 

1982 2.41 22.30 9.78 11.99 9.06 0.01 0.14 45.32 

1983 2.07 23.50 8.02 5.23 7.90 0.02 0.24 40.01 

1984 9.47 41.32 6.12 4.09 5.37 0.01 0.12 1.28 55.37 

1985 0.25 12.87 7.20 6.32 2.37 0.23 2.53 0.63 28.71 

I986 3.36 46.33 13.29 12.02 5.48 0.01 0.15 I .26 63.13 

1987 1.68 7.29 12.94 15.06 2.57 0.08 0.76 0.68 35.31 

1988 3.32 34.50 8.93 9.25 7.44 0.02 0.22 I .39 52.34 

I989 3.36 8.82 7.65 7.17 6.12 0.01 0.14 1.14 29.99 

1990 2.42 18.42 11.95 11.36 6.78 0 02 0.26 0.91 42.17 

1991 2.36 16.32 10.43 9.60 6.20 0.23 4.39 1.12 41.47 

1992 2.73 20.02 8.69 7.20 8.50 0.01 0.50 1.52 40.90 

I993 I .46 18.17 4.14 5.59 4.52 0.02 0.3 I 0.93 31.20 

1994 2.47 2 1.87 5.19 3.33 7.29 0.02 0.12 I .32 36.20 

1995 I .26 14.09 9.79 8.98 4.23 0.06 0.38 0.84 34. I5 

1996 0.36 34.28 4.78 6.25 4.96 0.02 0.05 1.01 45.04 

I997 1.61 4.88 9.19 9.89 6.19 0.04 0.20 1.33 29.29 
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Table X-23f.-Annual CMR values by year for Spottail Shiner for 13 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
STEAM W ESTCH ESTER BOWLINE EMPIRE 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESC’O RIVERWIDE 

1974 

I975 

1976 

1977 

1978 

1919 

1980 

1981 

I982 

1983 

1984 

I985 

1986 

1987 

1988 

1989 

I990 

1991 

I992 

I993 

I994 

I995 

I996 

3.71 6.34 

4.27 7.73 

8.69 10.09 

3.26 10.23 

6.00 12.01 

4.85 10.64 

1.79 

2.74 

4.53 

3.19 

3.44 

2.43 

3.22 

3.28 

3.01 

5.27 

3.53 

4.69 

2.38 

2.15 

2.18 

1.61 

1.51 

5.74 

12.24 

9.85 

8.77 

6.71 

8.88 

11.11 

6.33 

11.13 

13.94 

I I .49 

13.50 

7.31 

6.11 

5.66 

6.61 

13.76 

I .72 2.36 

4.95 2.78 

8.54 3.10 

4.51 1.82 

5.49 1.75 

IO. 74 3.81 

7.93 

6.06 

6.86 

8.30 

5.90 

6.93 

10.66 

8.03 

9.13 

6.98 

7.97 

8.54 

8.18 

6.04 

7.39 

5.09 

4.45 

3.31 

2.91 

3.12 

3.50 

2.85 

3.14 

5.18 

2.90 

4.06 

2.77 

3.73 

3.82 

3.65 

3.28 

3.88 

3.19 

4.28 

I .a4 

2.06 

2.89 

I .27 

2.02 

I .26 

0.88 

2.09 

2.64 

I .69 

1.38 

2.00 

I .95 

I .04 

I .62 

2.32 

I .79 

2.66 

I .82 

1.62 

1.68 

I .20 

1.91 

3.32 

5.98 

3.04 

8.80 

5.87 

3.14 

4.59 

2.00 

3.96 

4.12 

5.25 

5.41 

3.69 

6.22 

5.43 

4.12 

4.19 

3.46 

2.15 

2.82 

3.96 

2.90 

4.34 

36.93 

56.28 

35.40 

71.62 

55.99 

40.74 

47.51 

34.97 

41.54 

48. I7 

53.38 

40.55 

31.13 

49.55 

45.79 

43.72 

45.95 

50.14 

39.93 

32.56 

33.84 

19.65 

20.06 

0 28 

0 36 

0 40 

0 28 

0 29 

0 1s 

0 30 

0 45 

0 30 

0 28 

0 21 

0 19 

0 34 

48.20 

67.14 

55.74 

79.19 

68.82 

58.88 

59.14 

5 I .43 

57.55 

62.06 

64.22 

55.99 

52.80 

62.22 

62.20 

61.28 

61.88 

66. I7 

53.97 

46.32 

48.82 

35.05 

4 I .92 

1.91 4.85 6.45 3.48 1.81 4.69 22.04 0.34 38.73 1997 



Table X-23g.-Annual CMR values by year for White Perch for 13 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STEAM W ESTCH ESTER 

1974 9.60 I 1.09 I .25 5.66 3.79 0.27 1.16 28.99 

RIVERWIDE YEAR POINT INDIAN POlNT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO 

I975 3.84 14.48 8.85 8.16 3.32 0.40 2.32 35.26 

1976 2.85 5.51 8.24 7.88 I .24 0.47 2.66 25.75 

1977 2.38 11.93 9.27 7.01 I .as 0.49 2.10 30.64 

1978 I .73 8.96 6.98 3.84 I .oa 0.93 2.81 23.78 

I979 1.20 13.44 9.24 5.78 0.78 0.25 1.72 28.86 

1980 0.56 5.14 9.10 7.62 I .44 0.39 2.85 

1981 0.56 11.23 2.91 5.65 2.54 0.16 1.51 

I982 0.28 7.50 4.31 3.17 2.39 0.50 2.57 

1983 I .?5 27.51 9.84 5.85 4.68 0.39 2.04 

24.46 

22.50 

19.13 

43.78 

I 984 1.13 15.10 6.67 4.94 I .a4 0.50 2.87 0.44 29.61 

198s 0.09 0.96 5.88 5.53 0.47 0.31 1.19 0.12 13.84 

I986 0.54 7.13 16.85 19.47 1.15 0.08 0.47 0.28 39.38 

1987 0.01 

I 988 0.93 

I 989 I .34 

1.14 

13.50 

5.23 

12.54 

8.05 

I 1.28 

10.71 

6.80 

7.94 

0.78 

3.45 

2.4 I 

0.64 

0.57 

0.48 

1.10 0.22 

I .95 0.65 

2.89 0.54 

24.90 

3 I .32 

28.35 

1990 0.65 5.81 8.83 7.50 2.14 0.89 3.54 0.35 26.44 

1991 0.33 2.51 12.13 8.79 I .70 0.29 1.41 0.34 25.00 

I992 0.49 4.78 10.41 7.07 2.54 0.2 I 2.27 0.54 25.42 

I993 0.2 I 4.10 3.03 4.44 2.27 0.21 0.53 0.42 14.33 

1994 0.50 5.44 7.54 3.35 1.61 0.42 0.85 0.39 18.64 

1995 0.16 3.38 7.71 5.90 0.87 0.37 0.53 0.27 17.92 

I996 0.13 8.28 4.82 4.08 0.88 0.58 0.39 0.23 I 8.09 

I997 0.28 2.29 6.81 8.50 3.31 0.53 I .02 0.49 21 30 

81 
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Executive Summary 

Sensitivity analyses were conducted to assess the magnitude of potential effects of mis- 
identification of Morone PYSL (ie. striped bass and white perch post yoIk-sac larvae) on 
estimates of conditional mortality rates due to entrainment and characterizations of abundance 
based on sampling of this life stage. In the other sections of this Draft Environmental Impact 
Statement (DEIS) the CEMR methodology is used for estimating the conditional entrainment 
mortality rate for striped bass and white perch The sensitivity analyses presented here focus on 
questions regarding the effects of mis-identification of PYSL Morone on CEMR estimates and 
also address effects on abundance estimates and indices. 

The sensitivity analyses consisted of four steps: 

Step 1-Identification of parameters in CEMR that could be affected by 

Step 2-Definition of bounds for each component parameter, 

Step 3-Computation of CEMR estimates for striped bass and white perch with each 

Step 4-Comparison of the CEMR estimates for striped bass and white perch that 

sensitivity 

0 

rnis-identification of Morone PYSL, 
0 

parameter set at the defined bounds, and 
0 

0 are reported elsewhere in the DEIS to the range of estimates from the 

analyses. 

The sensitivity analyses were conducted for three plants on the Hudson River (Bowline 
Point, Indian Point and Roseton) for the years 1981 and 1983 through 1987 (entrainment 
sampling was not conducted at Indian Point in 1982). Four entrainable life-stages (eggs, yolk- 
sac larvae, PYSL, and juveniles) are included in the CEMR estimates. 

were identified: 

0 Riverwide abundance of PYSL, 

Riverwide abundance of juveniles as measured by the PYSL forecast, 

Numbers of PYSL entrained, 

Mechanical mortality rates; 

and three types of bounds for the component parameters were defined: 

0 Reported estimates (Le., estimates based on Murone PYSL identified to species), 

0 Alternate estimates (Le.? estimates that did not require data on Morone PYSL 
identified to species), and 

Five component parameters, potentially affkcted by misidentification of Murune PYSL, 

Relative probability of capture (RPC), and 
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0 Extreme bounds (Le., bounds defined by assuming that all Morone PYSL were mis- 
identified, or that all Morone PYSL were striped bass, or that all Morone PYSL were 
white perch). 

Eight scenarios were selected for the sensitivity analyses. Each scenario consisted of one 
specified bound for each of the five component parameters that may have been affected by 
identification of Morone PYSL to species. For example, one scenario was defined as follows: 

0 Alternate estimates for riverwide abundance of PYSL, 

0 

0 

Alternate estimates of PYSL forecast for juvenile abundance, 

Reported estimates for number of PYSL entrained, 
0 Reported estimates for RPC, and 

Reported estimates for mechanical mortality rates. 

Four of the scenarios were selected to assess the effect on CEMR of possible mis- 
identification in each component parameter separately. One scenario was selected to assess the 
combined effect of possible mis-identification in all component parameters. For these five 
scenarios, the effect of possible mis-identification was addressed with the alternative estimates of 
the component parameters. In addition, two scenarios were selected that were intended to 
consider the case of the component parameters set to extreme bounds. The eighth scenario 
(DE1S)represented the methods used for the CEMR estimates reported elsewhere in this 
document (Le., reported values used for all component parameters). 

For both striped bass and white perch, the CEMR estimates from the sensitivity analyses, 
which were based on alternate component parameter estimates, had a range of values that was 
very similar to the DEIS scenario estimates . Also, the CEMR estimates for striped bass fell 
within the range of estimates that were computed with the component parameters set to extreme 
bounds. The white perch CEMR estimates for the DEIS scenario were higher or within the range 
of estimates computed with the component parameters set to extreme bounds. 

These findings corroborate the range of CEMR values estimated and used elsewhere in 
this document and do not support the hypothesis that the reported CEMR estimates are severely 
biased due to the presence of misidentified Morone PYSL. 

Also, alternate PY SL index values, which were computed fiom intermediate results from 
the sensitivity analyses, displayed a high degree of correlation with the reported PYSL index 
values. The high degree of correlation suggests that the reported PYSL indices are usefir1 
measures for characterizing long-term inter-annual variability and trends. 

.. 
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Introduction 

Estimates of the conditional mortality rate due to entrainment are based on data collected 
by the Utilities' sponsored Long River I c h t h y o p l ~ o n  and Fall Shoals Juvenile surveys, and 
discharge sampling programs at each of the plants. Estimates are calculated separately for seven 
taxa (American shad, Atlantic tomcod, bay anchovy, river herring, spottail shiner, striped bass 
and white perch). 

Some laboratory studies of archived ichthyoplankton samples from the Long River 
Survey and discharge sampling programs found some mis-identified striped bass and white 
perch (Morone) larvae. Houde et. al. (1991) examined archived Long River Survey (LRS) 
samples fkom 1989 and 1990 as part of a feasibility study to determine whether the age and 
growth rate of Hudson River striped bass larvae could be determined from otoliths. Based upon 
identification methods of Olney et. al. (1983), they concluded that 21% of the larvae that they 
received from the Utilities (larvae originally identified as striped bass ) were white perch. 

( 1  993) to examine additional archived samples for the presence of mis-identified Morone larvae. 
Schmidt examined larvae collected by the LRS in 1981 and 1987, and larvae collected in 

discharge sampling programs at Indian Point in 1978 and at Roseton in 1982. For the 198 1 LRS 
specimens (>8mm), he concluded that 61.7% of the larvae labeled striped bass were actually 
white perch, and that 3% of the larvae labeled white perch were actually striped bass. For the 
1987 LRS specimens (>8mm), he concluded that 4.6% of the larvae labeled striped bass were 
actually white perch, and that 9.5% of the larvae labeled white perch were actually striped bass. 
For the 1978 Indian Point discharge specimens (>Sm),  he concluded that 50.6% of the larvae 
labeled striped bass were actually white perch, and that 4% of the larvae labeled white perch 
were actually striped bass. For the 1982 Roseton discharge specimens (>Smm), he concluded 
that 66.9% of the larvae labeled striped bass were actually white perch, and that 0% of the larvae 
labeled white perch were actually striped bass. 

Schmidt also examined specimens of yolk-sac larvae (YSL) in the sample. He concluded 
that the extent of rnis-identification of Morone YSL was negligible and warranted no further 
investigation. 

In response to this finding, the Hudson River Foundation sponsored a study by Schmidt 

The Utilities conducted a preliminary assessment of the effects of mis-identification on 
the integrity of the Utilities' ichthyoplankton database by correlating annual post yolk-sac larvae 
(PYSL) indices of abundance with annual YSL indices of abundance. Based on Schmrdt's 
conclusion regarding YSL, the YSL indices should not be affected by mis-identification and 
should provide a reliable baseline for comparison. The correlation between striped bass PY SL 
and YSL indices of abundance was statistically significant (p<O.OOl) with a correlation 
coefficient of 0.95 (Figure 1). The correlation between white perch PYSL and YSL indices of 
abundance was also significant Op<O.OOl) and had a correlation coefficient of 0.83 (Figure 2). . 

1 



In spite of the good correlations, twot approaches to further address uncertainties 
regarding potential effects of mis-identifcation on conditional entrainment mortality rate and 
abundance estimators were identified. The first was to attempt to develop a means for correcting 
the mis-identification errors in the database (e.g. using results from the Schmidt study). If this 
was not feasible, then the second approach was to assess the magnitude of error that could be 
propagated to estimates of conditional mortality rates. 

Although both the Houde et. al. (1991) and Schmidt (1993) studies demonstrated the 
presence of mis-identification of Morone larvae in the Utilities' database, neither study was 
designed to produce a correction factor or factors that could be applied to the database. Both 
studies focused on samples that were thought to bracket key conditions, rather than samples that 
were randomly selected to be statistically representative. Furthermore, Schmidt (1 993) 
acknowledged that objective identification criteria could not be applied to Morone PYSL smaller 
than 8mm. Any corrections to the database would have to address PYSL smaller than 8mm 
becausea large proportion of all PYSL in the river are smaller than 8mm. 

analysis was conducted to assess the magnitude of potential effects of mis-identification of 
Morone PYSL on estimates of conditional mortality rates due to entrainment. . The sensitivity 
analyses directly address the effects of mis-identification of PYSL Morone on conditional 
mortality rate estimates from the Conditional Entrainment Mortality Rate (CEMR) model . 

Because the database could not be corrected for mis-identification errors, a sensitivity 

The approach used for the sensitivity analyses consisted of four steps: 
0 Step 1-Identification of parameters in CEMR that could have been affected by mis- 

Step 2-Definition of bounds for each parameter that are consistent with existing data, 
- Alternative parameter estimates that are based on data other than species-specific Morone 

PYSL data (e.g. Morone PYSL data not keyed to species, and species-specific yollc-sac- 
larvae data and juvenile data), 

- Extreme bounds that bracket possible conditions, 

0 Step 3-4omputation of CEMR estimates for striped bass and white perch with each 

identification of Morone PYSL, 
0 

parameter set at the defined bounds, and 

Step 4-Comparison of the CEMR estimates for striped bass and white perch 
the range of estimates from the sensitivity analyses. 

to 

The sensitivity analyses were conducted for three plants on the Hudson River (Bowline 
Point, Indian Point and Roseton), for the years 1981 and 1983 through 1987. All four entrainable 
life-stages (eggs, yolk-sac larvae, PYSL, and juveniles) were included in the CEMR estimates. 
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Methods 

CEMR Model 

i 

The CEMR model represents the conditional mortality rate due to entrainment ( mT ) as a 
weighted average of cohort-specific conditional mortality rates. Each cohort-specific conditional 
mortality rate is represented as the complement of the cohort-specific conditional survival rate, 
and each cohort-specific survival rate is represented as the product of daily conditional survival 
rates. Separate estimates are computed for each plant using the following formulation (the plant- 
specific CEMR estimates are subsequently combined to produce an estimate of the overall 
CEMR): 

where 

S = day 1,2,3, ..., S of the spawning period (subscript s also denotes cohorts 

= proportion of the spawning that occurred on day s 

spawned on the day) 

RS 
J = maximum entrainable age 

1 = life-stage 1,2,3,..J, 

 NE'^, = the measured number of life-stage 1 individuals entrained on day d (not 
adjusted for efficiency of pump sampling gear) 

(not adjusted for efficiency of ichthyoplankton sampling gear) 
~l~~ 

f d l  

= the measured riverwide abundance of life-stage I individuals on day d 

= the through-plant mortality rate @e., the fiaction of the ichthyoplankton 
entrained that die fiom entrainment) for life-stage I ichthyoplankton on 
day d ; f I is assumed to consist of a mechanical mortality rate ( f I ) 
and a thermal mortality rate ( f T d  I ): 

f d l = ' - (  ' - f M l  ) ( ' - f T d l  ) 
ped = the ratio of gear efficiencies (ichthyoplankton trawl / pump sampling 

= the proportion of day d that individuals of cohort s spend in life-stage 1.  

gear) for larvae of life-stage I on day d 

& d s [  
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Estimates of the following parameters would be affected by identification of Morone PYSL 
to species: 

The riverwide abundance of PYSL ( Nid[ with I =  PYSL), 

0 The riverwide abundance of juveniles ( Nrd with 1 =juvenile), 

The number of PYSL entrained (  NE'^^ with 1 = PYSL), 

0 

0 

The relative probability of capture ( m C d [  with I =  PYSL), and 

The mechanical mortality rate (f d l  with 1 = PYSL). 

The estimate of the riverwide abundance of juveniles would be affected because a 
forecast of PYSL abundances was used to characterize the abundance of juveniles. This 
approach was chosen based on an evaluation of alternative sampling programs (Heimbuch, et. al. 
1992). The authors found that most of the water volume inhabited by Morone larvae was subject 
to sampling by the riverwide larval sampling program (Le., the Long River Survey), whereas 
only a small fraction of the water volume inhabited by Morone juveniles was subject to sampling 
by the juvenile sampling programs (Le., the Fall Shoals and Beach Seine Surveys). The authors 
concluded that the Long River Survey was better suited for assessing abundance than the Fall 
Shoals and Beach Seine Surveys. 

Bounds for Riverwide Abundance of PYSL 

The approach to setting bounds for the riverwide abundance of PYSL striped bass and 
! white perch was to develop alternative estimates that were based on data other than species- 

specific Morone PYSL data. An approach was developed that allowed the relative abundance of 
the two species to be estimated from the distribution pattern of PYSL of the two species and the 
overall distribution pattem of Morone PYSL. The approach required estimates of distribution 
patterns for striped bass and white perch that did not rely on species-specific Morone PYSL data. 
Distribution patterns for striped bass and white perch PYSL were interpolated from distribution 

patterns of yolk-sac larvae fySL) and juveniles for each year these data were collected. 

The interpolated distribution pattems for striped bass and white perch were computed in 
two stages. In Ihe first stage, their PYSL distribution patterns for the period from the 5% week 
of Morone PYSL (ie., the week defined so that 5% of the sum of weekly abundance estimates 
were observed before the 5% week) to the 95% week of Morone PYSL (i.e. the week defined so 
that 95% of the sum of weekly abundance estimates were observed after the 95% week) were 
computed. In the second stage, PYSL distribution pattems were derived for the four-week period 
following the 95% week of Morone PYSL. 

The distribution patterns for a species in the first stage were derived by projecting the 
YSL distribution pattem for each weekly cohort for a four-week period. The projected 
distribution patterns were based on weekly upriver-downriver movements of Morone PYSL. For 
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each week within the first stage, a weighted average of the cohort-specific distribution patterns 
was computed. The relative abundance of the cohort was the weighting factor for each cohort. 
Ths procedure for projecting the YSL dis~bution patterns can be represented algebraically as 
follows for each species: 

where 

d'kr = (projected) proportion of PYSL present in week t that are in region k 
(t  = 5% PYSL week to the 95% PYSL week) 

N~~~ = relative abundance of weekly cohort c as YSL 

q j c k t  

= (projected) proportion of weekly cohort c PYSL present in week t that 
are in region k 

= a transition probability that represents the proportion of weekly cohort 
c YSL that originally were in regionj in week c, and later were in 
region k in week t 

d c j c  = the proportion of weekly cohort c YSL that were in regionj in week c 

The transition probability ( q j c k  ) is estimated based on the average weekly 
upriver/downriver movement patterns of all Morone PYSL. 

where 

L k  

Ut  

6i( j c t )  = 1 if ( L j + G c f  ) I i < ( u j + G c t  f andisequaltoootherwise 

= river mile of the lower boundary of region k 

= river mile of the upper boundary of region k 
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G, I = the average upriver/downriver shift in the distribution of all Morone 
PYSL fiom week c to week t: 

I- 1 

and, w~~ = the abundance-weighted, average week of the presence of all lifestage 
ZMorone (I = YSL or PYSL) 

M~~~ = the abundance of a11 lifestage I Morone in region k in week t 

wl = the abundance-weighted, average location (rivermile) of all lifestage 1 
Morone 

RMI = (7) 

The distribution patterns in the second stage (four weeks following the 95% week of 
Morone PYSL) were derived by interpolating between the projected PYSL distribution pattern in 
the 95% week of Morone PYSL and the average distribution pattern of juveniles. This 
procedure can be represented algebraically as follows for each species. 

where 

d f k ,  = (interpolated) proportion of PY SL present in week t that are in region k 
(t = t*+l, t*+2, ..., t*+4) 

t = the 95% week of Morone PYSL 

t -  = minimurn of the second week of juvenile distribution data (fioxn the 
Beach Seine Survey), and week t* + 5 
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= the average proportion ofjuveniles in region k during a four-week 
- I ; this parameter was estimated period beginning with week 

from Beach Seine Survey data 

Alternative estimates of weekly abundances of striped bass and white perch were derived 
firom the interpolated distribution patterns (as described above) for both species, the observed 
weekly distribution patterns for Morone PYSL, and the weekly estimates of total Morone PYSL 
abundances. The distribution pattern for Morone PYSL is a weighted average of the distribution 
patterns for striped bass and white perch, where the weighting factors are the relative abundances 
of the two species. Therefore, given the species-specific distribution patterns and the overall 
Morone PYSL distribution pattern, the weighting factors (i.e. the relative abundances) can be 
determined. The absolute abundance for each species then can be estimated as the product of the 
species' relative abundance times the total Morone PYSL abundance. 

The relationship between the species-specific distribution patterns and the overall Morone 
PYSL distribution pattern can be represented algebraically as follows. 

where 

dMoR k = the observed proportion of Morone PYSL in region k during week t 

dtss k t  = the proportion of striped bass PYSL in region k during week t 
(estimated by projectionlinterpolation as described above) 

drwp k t  = the proportion of white perch PYSL in region k during week t 
(estimated by projectiodinterpolation as described above) 

= the riverwide abundance of striped bass PYSL during week t NSB I 

N W P  t = the riverwide abundance of white perch PYSL during week t 

Rearranging equation (9) gives: 

where 

P S B  k r  = the proportion of the riverwide abundance of Morone PYSL in week t 
that is striped bass (computed using data &om region k) 
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Equation (10) shows that the proportion of the riverwide abundance of Morone PYSL 
that is striped bass can be derived using only the distribution pattern of Morone PYSL and 
distribution patterns of the two species. Therefore, with alternate estimates (that do not rely on 
Morone PYSL data keyed to species) for the distribution patterns of the two species, the 
proportion of the riverwide abundance of Morone PYSL that is striped bass can be ascertained 
without the use of Morone PYSL data identified to species. 

For each year, separate estimates of pse k r  were computed for each region and week. As 
can be seen from equation (lo), this method of estimation is not applicable to a specific region 
and week if d'sB kr is equal to dtWP kr (because this would cause the denominator to be equal to 
zero). As a practical matter, estimates of psB k t  based on equation ( 10) will be very imprecise if 
dtsB k t  and dlWP kr have similar values. Therefore, for each year, only the top 25% of regions 
and weeks with the largest difference between dtsB kt and dtWP kt were used to estimate psB k t .  

These region- and week-specific estimates for each year were averaged (using an arctangent 
transformation for proportions) to produce a single, weighted average estimate for each year. A 
simple average was computed for each week and then a weighted average of the weekly values 
was computed. The weighting factors were the week-specific abundance estimates for Morone 
PYSL: 

- 
= Tan pss Y 

x f i . 4 f O R  k r y  I 
I 

where 

d k t y  = 1 if region k and week t was included in the top 25% of regions and 

= 0 otherwise. 

weeks with the largest difference between dtss kr and dtWP k t  , 

An annml average was used because week- and region-specific estimates had very low 
precision. By taking an average, more data were included in the estimate, which greatly 
improved precision. 

Alternative estimates of daily abundances of striped bass and white perch PYSL then were 
estimated as follows. 
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where 

N ' M O R  d I y = an estimate of the riverwide abundance of Morone PYSL on day d. 

Bounds for Rivenvide Abundance of Juveniles 

The PYSL forecast used for estimating the weekly abundance of juvenile striped bass and 
white perch is a sum of cohort-specific, weekly juvenile abundance estimates. Each weekly, 
cohort-specific juvenile abundance estimate is computed as the product of: 1) a cohort-specific 
PYSL abundance estimate, and 2) a survival term that represents the fraction of the PYSL cohort 
abundance that is still alive at the beginning of the week. 

Using the PYSL forecast approach, alternative estimates of juvenile abundance were 
computed in two steps. First the PYSL forecast method was applied to Morone PYSL data to 
produce estimates of the abundance of Morone juveniles (striped bass and white perch 
combined). Then the year-specific estimates of the proportion of total Morone PYSL that are 
striped bass ( pss ) were used to apportion the total abundance to the two species. 

abundance of PYSL Morone: 
The total abundance of Morone juveniles was estimated by projecting forward the 

where 
A 

NMOR y t  JUV = estimated abundance of Morone juveniles in week t 
A = estimated initial abundance of Morone PYSL cohort c in week c NMOR Y C  p m C  

S P  

S J  

Isd p 

= the median of annual estimates of weekly survival friictions for 
Morone PYSL 

= the median of annual estimates of weekly survival fractions for 
Morone juveniles 

= the life stage duration of Morone PYSL (taken to be the midpoint 
between the PYSL life-stage duration of striped bass [28 days] and the 
PYSL life-stage duration of white perch [32 days] 

The alternative estimates for daily abundances of striped bass and white perch juveniles 
were calculated as: 

and, 

where 
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The initial abundances of Morone PYSL cohorts and the PYSL survival firaction were 
I estimated fiorn weekly riverwide Morone PYSL abundances. The weekly riverwide PYSL 

abundance is the sum of cohort-specific abundances and can be represented in terms of the 
following non-linear regression, which was used to estimate the underlying parameters (i.e., the 
initial abundance of PYSL cohorts and the PYSL survival fraction): 

where 
.. 

N M O R  y t  PYSL 

s p  Y 

A c t y  

The PYSL survival fraction estimates were adjusted for the effects of changes in gear 

= an estimate of riverwide abundance of Morone PYSL in week t in 

Year Y 
= the average weekly survival &tion for PYSL in yeary 

= the fraction of week t in yeary that cohort c spends in the PYSL life 
stage 

avoidance with size. Data from the relative probability of capture ( W C )  study at Indian Point 
were used to assess the degree of gear avoidance. The observed RPC for Morone PYSL varied 
as a function of length of larvae: smaller larvae apparently were extruded through collection nets 
in discharge sampling devices, and larger larvae apparently avoided ichthyoplankton nets towed 
in the river. Under the assumption that extrusion through collection nets in discharge sampling 
devices decreased linearly with age, the progressive increase with age of gear avoidance (of river 
sampling nets) was characterized. 

estimate the Morone juvenile sunrival hetion. The analyses were restricted to weeks in which 
all juvenile Morone were recruited to the beach seine gear. A median of year-specific estimates 
was used for the PYSL forecast of juvenile abundance. 

i 

Catch curve analyses of catch-per-haul data &om the Beach Seine Survey were used to 

Bounds far Number Entrained 

Two approaches were used for setting bounds on the number of striped bass and white 
perch PYSL entrained. The first approach was to compute alternative estimates for the number 
of PYSL entrained. The alternative estimates were based on interpolated estimates of 
distribution patterns of PYSL, and an ETM-like model to assess the fiaction of the riverwide 
population that was entrained. The second approach was to set extreme bounds under the 
assumption that all Morone PYSL observed in the discharge canal samples were either one 
species or the other &e., assume that all Morone PYSL were striped bass or that all Morone 
PY SL were white perch). 
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In the first approach, the estimated total number of Morone PYSL entrained was 
apportioned to the two species. The proportion of the total number of Morone PYSL entrained 
that was striped bass was estimated in 3 steps. First, the fraction of the riverwide population of 
striped bass PYSL that was entrained was estimated using part of the ETM and interpolated 
distribution pattern data: 

where 

F E ~ ~ ,  = the fraction of the riverwide population of striped bass that was 
entrained in week t 

vp,, k t  = the volume of water withdrawn from region k, during week t, by plant 
plnt 

Vk = the volume of region k 
Next, the relative number of striped bass entrained ( R N E ~ ~  I ) was computed as the product 

of the fraction entrained and the proportion of the riverwide abundance of Morone PYSL that 
were striped bass: 

and 

RNEsB t = FESB t X &B 

Similar calculations were performed for white perch: 

For each species, the proportion of the total number of Morone PYSL entrained was then 
estimated as the ratio of the relative number entrained for the species divided by the sum of the 
relative numbers entrained: 

and 

RNEsB t PESB r = 
W E D  t + RNEwP t 

RNEwP t 
W E S B  t +- RNEwP t 

PEWP t = 

The alternative estimates for the number entrained for each species ( % E ' ~  , and 
@ ~ l ~ ~  ) were defined as: 

and 
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where 

NE'MOR t = the reported total number of Morone PYSL entrained in week t. 

For the second approach, the extreme bounds for the number PYSL entrained were 
defined by assuming that all Morone PYSL in the entrainment samples were either one species or 
the other. That is either 100% of the entrained Morone PYSL were striped bass and 0% were 
white perch, or 0% were striped bass and 100% were white perch. 

Bounds for Relative Probability of Capture (RPC) 

field data collected during a special study at Indian Point (Ref). Separate, length-specific 
estimates of RPC were computed for striped bass and white perch based on laboratory 
identification of collected Morone larvae. Therefore, this parameter (RPC) could be affected by 
mis-identification of Morone PY SL. 

Estimates of the relative probability of capture that were used in the DEIS were based on 

Bounds based on alternate estimates as well as extreme bounds for RPC were defined for 
the sensitivity analyses. The extreme bounds were defined by assuming that all Morone PYSL 
from the RPC studies were mis-identified-all larvae reported to be striped bass were actually 
white perch and visa versa. Accordingly the extreme bounds for RPC values for striped bass 
were defined to be the reported white perch RPC values, and the extreme bounds for white perch 
RPC values were defined to be the reported striped bass RPC values. 

data (not identified to species) from the W C  field study at Indian Point. The alternate estimates 
were computed using the same method as described in the DEIS for computing the species- 
specific estimates of RPC (Coastal, 1991). 

In the RPC field study, ichthyoplankton in the withdrawal zone of Indian Point was 
sampled with the same gear used in annual Long River Ichthyoplankton sampling program. 
Paired with each sample taken in the Withdrawal zone was a sample taken in the plant discharge 
canal. The discharge sample was collected with the same gear used for the discharge sampling 
program which produced data for estimating numbers entrained. Each withdrawal zone sample 
and paired discharge sample were timed so that both sampling devices sampled the same parcel 
of water. The ratio of the density of ichthyoplankton observed in the discharge sample to the 
density of ichthyoplankton observed in the withdrawal zone sample was taken to be an estimate 
of the relative probability of capture. 

The field data from each pair of samples were sorted into 2-mm length classes (i.e., 2.5- 
4.5mm, 4.5-6.5mm, etc.) and separate estimates of RPC were computed for each length class. 
Then the pair-specific estimates were averaged over all samples from the field study. A 
weighted arctangent average was used to compute the average in order to avoid problems with 
estimates of density in the withdrawal zone being equal to zero (the arctangent of any number 
divided by zero is 90 degrees). The total number of ichthyoplankton collected in the paired 
sample (i.e., the number collected in the withdrawal zone plus the number collected in the 
discharge canal) was used as the weighting factor. 

Alternate estimates of RPC for each length class were computed using Morone PYSL 
I 
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The alternate estimates of relative probability of capture for each length class, I ,  were 
computed as: 

where 

DENMoR , Di = the observed density of Morone larvae in the discharge sample from 

DENMoR I I w i  = the observed density of Morone larvae in the withdrawal zone sample 

paired sample, i, that were in length class 1. 

fiom paired sample, i, that were in length class 1. 

ni = the total number of Morone in length class, Z, collected in paired 
sample i .  

Bounds for Mechanical Mortality Rates 

The mechanical mortality rate estimates reported in the DEIS were based on field studies 
involving the collection of ichthyoplankton in the power plant intakes and discharges (Ref.). 
Ichthyoplankton collected in each sample were held for 24 hours and the number of fish that 
were still alive was then recorded. Separate estimates of mechanical mortality rates were 
computed for striped bass and white perch based on laboratory identification of collected Morone 
larvae. Therefore, the estimates of mechanical mortality rate could be affected by mis- 
identification of Morone PYSL. 

rates were defined for the sensitivity analyses. The extreme bounds were defined by assuming 
that all Morone PYSL fiom the mechanical mortality rate studies were mis-identified. That is all 
PYSL reported to be striped bass were actually white perch and visa versa. Accordingly the 
extreme bound for the mechanical mortality rate for striped bass PYSL was defined to be the 
reported white perch PYSL mechanical mortality rate estimate, and the extreme bound for white 
perch PYSL was defined to be the reported striped bass PYSL mechanical mortality rate 
estimate. 

the same as the approach used for alternate estimates of RPC. The alternate estimates of 
mechanical mortality rates were based on Morone PYSL data (not identified to species) &om the 
mechanical mortality rate field studies. The alternate estimates were computed using the same 
method as described in the DEIS for computing the species-specific estimates of mechanical 
mortality rates. 

estimate of the mechanical mortality rate (m,,, ) for Morone PYSL was computed as: 

/ 

Bounds based on altemate estimates as well as extreme bounds for mechanical mortality 

The approach used for computing alternate estimates of mechanical mortality rates was 

For each plant and year in which mechanical mortality rate studies were conducted, an 
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S O  m,=I-- 
SI 

where 

S O  

SI 

= the fraction of Morone PYSL i c h t h y o p l ~ o n  collected in the 
discharge canal that were still alive 24 hours after sample collection 

= the fraction of Morone PYSL i c h t h y o p l ~ o n  collected in the intake 
that were still alive 24 hours after sample collection 

An overall estimate ( f, , I ) was then computed by calculating a weighted average of 
all year and plant specific estimates. 

where the subscript, i, indicates a specific year and plant. The weighting factor for each year- 
and plant-specific estimate was the inverse of the variance for the estimate. The weighting factor 
(wt) was computed as: 

where 

no = the total number of Morone PYSL collected in the discharge samples 
for the plant and year 

= the total number of Morone PYSL collected in the intake samples for 
the plant and year 

Scenarios for Sensitivity Analyses 

Methods for specifyrng bounds for the component parameters (Le. riverwide abundance, 
numbers entrained, RPC, and mechanical mortality rate) of the CEh4R model are described in the 
preceding sections. For each component parameter, three types of bounds were considered: 

0 Reported estimates (Le., estimates based on Morone PYSL identified to species), 

0 Alternative estimates (Le., estimates that did not require data on Morone PYSL identified to 
species), and 

0 Extreme bounds (Le., bounds defined by assuming that all Morone PYSL were mis- 
identified, or that all Morone PYSL were striped bass, or that all Morone PYSL were white 
perch). 

From this set of bounds for the component parameters, eight scenarios were selected for 
the sensitivity analyses. Each scenario consisted of one specified bound for each of the five 
component parameters that may have been affected by identification of Morone PYSL to species. 
For example, one scenario (labeled Al) was defined as follows: 
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0 Alternative estimates for riverwide abundance of PYSL and juveniles (To simplify the 
analyses, the PYSL and juvenile riverwide abundance estimates were treated in the same 
manner in all selected scenarios. Either alternative estimates for riverwide abundances were 
used for both life-stages or the reported estimates were used for both life-stages), 

0 Reported estimates for number of PYSL entrained, 

Reported estimates for RPC, and 

Reported estimates for mechanical mortality rates. 

Four of the scenarios (labeled A1 -A4) were selected to assess the effect on CEMR of 
possible rnis-identification in each component parameter separately. One scenario (labeled B 1) 
was selected to assess the combined effect of possible mis-identification in all component 
parameters. For these five scenarios, the effect of possible mis-identification was addressed with 
the alternative estimates of the component parameters. In addition, two scenarios (labeled C 1 
and C2) were selected that were intended to consider the case of extreme bounds. The eighth 
scenario represented the methods used for the CEMR estimates reported in the DEIS (i.e., 
reported values used for all component parameters). Table 1 lists the eight scenarios for striped 
bass, and Table 2 the eight scenarios for white perch. 
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Table I .-Summary table of scenarios included in sensitivity analyses of CEMR for striped bass. 

Scenario 

Riverwide 
Abundances of Number of PYSL Relative Probability Mechanical 

PYSL and Juveniles Entrained of Capture Mortality Rate 

A3 

A4 

B1 

c1 

c 2  

DEIS 

A1 * G ' S B  d l  

A2 N'SB d f  

N'SB d l  

N ' S B  d l  

* G ' S B  d l  

* G ' S B  d l  

* G ' S B  d l  

N'SB d l  

NE'sB d l  RPCSB d l  

* GE'SB d l  WCSB d l  

NE'sB d l  * MOR d 1 

NE'sB d l  WCSB d l  

NE'sB d l  * W c M O R  d l  

** 0 ** R P C W P d l  

** NE' MOR d l  ** R P c W P d l  

NE'sB d l  P C S B  d i  

f S B .  ut 

f S B ,  M I  

f SB.  h i 1  

* f M O R ,  M I  

* f MOR, M I  

** f W P .  M I  

** f W P ,  M I  

f S B .  M I  

* Alternate Estimate ** Extreme Bound 
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Table 2.4ummary table of scenarios included in sensitivity analyses of CEMR for white perch. 

Scenario 

Riverwide 
Abundances of Number of PYSL Relative Probability Mechanical 

PY SL and Juveniles Entrained of Capture Mortaiity Rate 

A3 

A4 

B1 

c1 

c2 

DEIS 

* G ' W P  d l  
A1 

A2 N'WP d l  

N ' W P  d l  

N'WP d l  

* E ' W P  d l  

* G ' W P d l  

* G ' W P  d l  

N ' w p  d I 

* Alternate Estimate ** Extreme Bound 

NE'wP d l  

* N E ' W P  d l  

NE'wP di 

NE'wP d l  

* NE'wP d l  

** NE' MOR d l  

** 0 
NE'wP d i  

W C W P  d l  

W G W P  d l  

* mc MOR d I 

W C W P  d l  

* RPCMOR d l  

** W C S B d I  

** RPcSB d l  

RPCWP d l  

f W P .  M I  

f W P .  M I  

f W P .  M1 

* f M O R . M l  

* f MOR,Ml  

** f S B . M l  

** f SB.  M I  

f W P , M l  
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Results 

CEMR Sensitivity Analyses 

Separate estimates of conditional entrainment mortality rate for striped bass and white 
perch were computed for 1981 and each year &om 1983 through 1987, and for each of the eight 
scenarios listed in Tables 1 and 2. Annual CEMR estimates for striped bass ranged from 0.06 to 
0.25 for the DEIS scenario, with an average of 0.14 (Table 3). For white perch the annual 
estimates under the DEIS scenario ranged from 0.04 to 0.22 and had an average of 0.10 (Table 
4). 

The effect of alternate estimates of riverwide abundances of PYSL and juveniles was 
addressed with scenario A1 . The range of annual CEMR estimates for striped bass under 
scenario AI was 0.02 to 0.1 1 with an average of 0.07. For white perch, the range of annual 
estimates for scenario A1 was 0.05 to 0.31 with an average of 0.12. 

The effect of alternate estimates of numbers of PYSL entrained was addressed with 
scenario A2. The range of annual CEMR estimates for striped bass under scenario A2 was 0.07 
to 0.25 with an average of 0.15. For white perch, the range of annual estimates for scenario A2 
was 0.03 to 0.22 with an average of 0.10. 

The effect of alternate estimates of relative probability of capture (RPC) was addressed 
with scenario A3. The range of annual CEMR estimates for striped bass under scenario A3 was 
0.08 to 0.32 with an average of 0.18. For white perch, the range of annual estimates for scenario 
A3 was 0.03 to 0.17 With an average of 0.08. 

The effect of alternate estimates of mechanical mortality rates for PYSL was addressed 
with scenario A4. The range of annual CEMR estimates for striped bass under scenario A4 was 
0.06 to 0.24 with an average of 0.13. For white perch, the range of annual estimates for scenario 
A4 was 0.02 to 0.12 with an average of 0.05. 

The combined effect of alternate estimates for all four component parameters (i.e., 
riverwide abundance of PYSL and juveniles, numbers of PYSL entrained, RPC, and mechanical 
mortality rate) was addressed with scenario B1. The range of annual CEMR estimates for striped 
bass under scenario B1 was 0.04 to 0.15 with an average of 0.09. For white perch, the range of 
a n n d  estimates for scenario B1 was 0.01 to 0.09 with an average of 0.05. 

The combined effect of extreme estimates for three parameters @e., numbers entrained, 
RPC and mechanical mortality rate) and alternative estimates for riverwide abundances of PYSL 
and juveniles was addressed with scenarios C1 (all entrained PYSL asswed to be white perch) 
and C2 (all entrained PYSL assumed to be striped bass). The range of annual CEMR estimates 
for striped bass under scenario C1 was 0.00 to 0.05 with an average of 0.02. For white perch, the 
range of annual estimates for scenario c 1 was 0.02 to 0.10 with an average of 0.06. The range of 
annual CEMR estimates for striped bass under scenario C2 was 0.08 to 0.41 with an average of 
0.23. For white perch, the range of annual estimates for scenario C2 was 0.00 to 0.01 with an 
average of 0.01. 
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Intermediate Results 

Alternate estimates of riverwide abundance were computed as an intermediate step of the 
CEMR calculations. The alternate estimates of riverwide abundance were computed without the 
use of Moruna PYSL data keyed to species and therefore are not subject to errors due to possible 
mis-identification. These alternate estimates provide a means for assessing the magnitude of bias 
that may be present in reported annual estimates of abundance. 

Indices of striped bass PYSL abundance and white perch PYSL abundance are reported in 
the DEIS. Each annual index is the sum of weekly, relative abundances @e., weekly, riverwide 
average densities) over the period of presence of the PYSL life stage. Alternate indices of 
abundance were computed using the alternate weekly abundance estimates for each species. The 
alternate indices of abundance were computed as: 

The summation over days includes all days from the beginning of the 5% PYSL week to the 
end of the 95% PYSL week for each species. This summation is consistent with the method for 
selecting the period of weeks included in the indices of PYSL abundances that are reported 
elsewhere in the DEIS. 

Table 5 presents alternate indices of PYSL abundance, for the period 1974 through 1995, 
for striped bass and white perch. Table 5 also includes the PYSL indices for striped bass and 
white perch indices that are reported in the D E S  The Pearson's correlation coefficient between 
the two sets of indices is 0.95 for striped bass (Figure 3), and is equal to 0.84 for white perch 
(Figure 4). 

In addition to the correlation (which measures the similarity in inter-annual patterns) 
between the reported DEIS indices of abundance and the alternate indices of abundance, the 
average ratio of annual abundance indices was computed. Because all indices are measured in 
the same units (proportionate to riverwide average density), the average ratio of abundance 
indices provides information on the relative bias each index has in relation to the other. For each 
species, a weighted arctangent average of the annual ratios was computed using the sum of the 
two index values as the weight (Le. years with larger index values were given greater weight). 
The (weighted arctangent) average ratio of the alternate indices over the DEIS indices of PYSL 
abundance was equal to 1.26 for striped bass and equal to 0.84 for white perch. 

estimates for all length classes. For white perch, alternate estimates for some length classes are 
higher and for other length classes are lower than the reported RPG estimates. Table 6 lists the 
alternate RPC estimates (and the reported, species-specific estimates). 

The alternate RPC estimates for striped bass are lower than the reported striped bass RPC 
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i 
The alternate estimate for mechanical mortality rate is lower than both of the reported, 

species-specific m ~ ~ ~ c a l  mortality rates. A l ~ o u ~  the alternate estimate for mechanical 
mortality rate is based on pooled Morone PYSL data, it was computed as a ratio of ratios and 
therefore would not necessarily fall in between the species-specific estimates. The alternate 
mechanical mortality rate estimate is 0.273, and the reported, species-specific estimates are 0.287 
for striped bass PYSL and 0.566 for white perch PYSL. 
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Table 3 . 4 e s u l t s  of sensitivity analyses of CEMR estimates for striped bass, annotated with 
a summary of scenario definitions 

Scenario 

Year A1 A2 A3 A4 B1 c 1  C2 DEIS 

1981 

1983 

1984 

1985 

1986 

1987 

Average 

0.04 0.07 0.08 0.06 0.07 0.02 0.12 0.06 

0.04 0.20 0.15 0.11 0.07 0.01 0.18 0.12 

0.09 0.14 0.25 0.18 0.07 0.02 0.36 0.19 

0.02 0.14 0.08 0.06 0.04 0.00 0.08 0.06 

0.11 0.25 0.32 0.24 0.15 0.03 0.41 0.25 

0.10 0.10 0.17 0.12 0.11 0.05 0.24 0.13 

0.07 0.15 0.18 0.13 0.09 0.02 0.23 0.14 

Component 

Parameters 

Scenario 

A1 A2 A3 A4 B1 c1 c 2  DEIS 

Riverwide Abundance * 0 0 0 * * * 0 

Numbers Entrained 0 * 0 0 * ** ** 0 

RPC 0 0 * 0 * ** ** 0 

Mechanical Mortality Rate 0 0 0 * * ** ** 0 
~ * indicates Alternate Estimate ** indicates Extreme Bound 

0 indicates Reported 
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Table 4.-Results of sensitivity analyses of CEMR estimates for white perch, annotated with a 
summary of scenario definitions. i 

Scenano 
Year 

.4 1 A2 A3 A4 B1 Cl C2 DEIS 

1981 

1983 

1984 

1985 

1986 

1987 

Average 

0.09 0.04 0.07 0.04 0.03 0.10 0.01 0.07 

0.31 0.12 0.17 0.12 0.07 0.08 0.01 0.22 

0.13 0.22 0.10 0.07 0.09 0.04 0.00 0.13 

0.05 0.03 0.03 0.02 0.01 0.02 0.01 0.05 

0.09 0.08 0.07 0.04 0.04 0.05 0.00 0.08 

0.06 0.11 0.05 0.03 0.06 0.07 0.01 0.06 

0.12 0.10 0.08 0.05 0.05 0.06 0.01 0.10 

Scenario 

A1 A2 A3 A4 B1 c1 C2 DEIS 
Component 

Parameters 

fiverwide Abundance * 0 0 0 * * * 0 

Numbers Entrained 0 * 0 0 * ** ** 0 

RPC 0 0 * 0 * ** ** 0 

Mechanical Mortality Rate 0 0 0 * * ** ** 0 

I 

* indicates Alternate Estimate ** indicates Extreme Bound 
0 indicatesReported 
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Table 5.-Altemate PYSL abundance indices (based on Morone PYSL data not identified to 
species) and PYSL abundance indices reported elsewhere in the DEIS. 

Striped Bass W t e  Perch 

Year Alternate PYSL Reported PYSL Alternate PYSL Reported PYSL 
Index Index Index Index 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

0.45 

0.57 

1.52 

1.70 

2.02 

2.30 

0.90 

3.61 

3.55 

1.86 

1.07 

2.67 

2.17 

2.32 

1.69 

4.60 

6.39 

8.29 

7.72 

7.16 

8.20 

4.03 

0.42 

0.69 

0.26 

0.60 

0.54 

0.47 

0.83 

2.48 

0.82 

0.59 

0.87 

0.40 

0.72 

1.70 

1.48 

4.54 

5.64 

8.00 

6.38 

8.25 

8.45 

3.94 

0.44 

1.94 

1.10 

1.44 

2.19 

1.98 

2.93 

2.54 

3.32 

1.97 

2.67 

3.73 

6.80 

3.52 

2.81 

4.14 

2.38 

3.37 

3.57 

6.34 

4.65 

2.45 

- 

0.46 

1.78 

2.2 1 

2.43 

3.44 

3.57 

2.95 

3.47 

5.76 

2.98 

2.75 

5.64 

8.1 1 

3.97 

2.90 

4.06 

2.92 

3.64 

4.92 

4.96 

4.1 1 

2.50 
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i Table 6.-Alternate (based on Morone larvae not identified to species) estimates of relative 
probability of capture (RPC) and estimates reported elsewhere in the DEIS. 

Reported RPC Estimates 

Length Class Alternate RPC Estimates Striped Bass White Perch 

2.5 - 4.5 XIUII 

4.5 - 6.5 XIUII 

6.5 - 8.5 XIUII 

8.5 - 10.5 ~ I X I  

0.13 

0.15 

0.24 

0.44 

-~ 

0.76 

0.22 

0.33 

0.57 

0.09 

0.16 

0.24 

0.43 

10.5 - 12.5 IXUX 0.8 1 0.98 0.77 

12.5 - 14.5 IDIII 1.66 1.75 1.84 

14.5 - 16.5 IXUX 2.70 2.72 3.24 

16.5 - 18.5 IDIII 3.50 4.00 1 .oo* 

18.5 - 20.5 IDIII 3.01 3.21 1 .oo* 

20.5 - 22.5 IDIII 3.95 5.26 1 .oo* 
i 

* Data were insufficient to compute RPC estimates; RPC assumed to be 1.00. 
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Figure 4.4orrelation between alternate white perch PYSL index values and PYSL index 
values reported elsewhere in the DEIS. 
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Discussion 

CEMR Sensitivity Analyses 

Estimates of CEPviR from scenario A1 (effect of alternate estimates of riverwide 
abundance only) are consistently higher than the DEIS scenario estimates for white perch, and 
consistently lower than the DEIS estimates for striped bass. This indicates that the alternate 
estimates of riverwide abundance of striped bass are higher than the reported estimates, and the 
alternate estimates for white perch are lower than the reported estimates. Relative to the alternate 
abundance estimates (which may or may not be more accurate than the DEIS estimates), the 
reported riverwide abundance estimates for striped bass are low, and the reported riverwide 
abundance estimates for white perch are high. 

At first glance this result may seem contrary to the findings of Houde et. al. (1 991) and 
Schmidt (1993). They reported that a substantial fkaction of PYSL (from the LRS) which were 
initially identified as striped bass were actually white perch. Yet, they reported relatively few 
white perch mis-identified as striped bass. This would suggest that the reported striped bass 
abundance estimates are too high, and the reported white perch estimates are too low. 

However, the PYSL studied by Houde et. al. (1991) and Schmidt (1993) were larger 
PY SL (e.g. >8mm) that had sufficiently developed pterygiophores to allow species detennination 
based on pterygiophore interdigitation. The larger PYSL represent a smaller proportion of the 
total PYSL population than the smaller PYSL due to the cumulative effects of mortality with 
increasing age (and size). Although a bias towards overestimating striped bass may have existed 
for the larger PYSL, it may be that a bias towards underestimating striped bass existed for the 
smaller PYSL (e.g. if smaller Morone PYSL were ofken classified as white perch, partially based 
on their smaller size). The net effect of two such sources of bias would be the pattern observed 
in the analyses of scenario AI.  

There was not a consistent pattern in the results &om the analyses of scenario A2. The 
CEMR estimates for striped bass are higher than the DEIS scenario estimates for some years and 
lower for others. As expected, for every year in which the striped bass CEMR estimate for 
scenario A2 is higher than the DEIS estimate, the scenario A2 estimate for white perch is lower 
than the DEIS white perch estimate. This is because the total number of Morone PYSL entrained 
was apportioned to the two species, so that when the numbers entrained for one species was set 
to a higher value, the numbers entrained for the other species had to be set to a lower value. 

As expected, the striped bass CEMR estimates from scenario A3 are consistently higher 
than the DEIS estimates. This is because the alternate estimates of RPC are consistently lower 
than the reported RPC estimates for striped bass, and because the ratio of numbers entrained over 
r i v d d e  abundance is divided by the RPC in CEMR calculations. The CEMR estimates &om 
scenario A3 for white perch are lower than the DEIS estimates. This suggests that the length 
classes with higher alternate RPC estimates are the length classes contributing the most to 
CEMR. 

The analysis of scenario A4 (the effect of alternate estimates of mechanical mortality 
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rates) also produced expected results. The CEMR estimates from scenario A4 for striped bass 
are slightly lower than the DES estimates, and the white perch estimates &om scenario A4 are 
subs~ t i a l ly  lower than the DEIS estimates. This is because the alternate estimate of mechanical 
mortality rate for striped bass PYSL is similar to the reported estimate, whereas the alternate 
mechanical mortality rate for white perch is roughly one half the magnitude of the reported 
estimate. 

The CEMR estimates for scenario B1 reflect the compounding effect of all four 
component parameters being set to alternative estimates. For striped bass, this compounding 
effect produced CEMR estimates that are consistently lower, albeit slightly lower, than the DEIS 
estimates. For white perch, the compounding effect produced substantially lower CEMR 
estimates in almost all years. 

As expected, the CEMR estimates for scenario C1 for striped bass, and scenario C2 for 
whlte perch are much lower than the DEIS estimates . This is because scenario C1 assumed that 
all PYSL Morone entrained were white perch, and scenario C2 assumed that all PYSL Morone 
entrained were striped bass. Therefore, the only contributions to CEMR under these scenarios 
were &om egg, YSL and juvenile life stages. The effect of the extreme bounds for numbers 
entrained overshadowed the effects that the bounds for any of the other component parameters 
had on the estimates. 

The CEMR estimates for scenario C2 for striped bass are substantially higher than the 
DEIS estimates because all PYSL Morone entrained were assumed to be striped bass. The effect 
of this extreme bound for numbers entrained was coupled with the effect of the extreme bound 
for RPC (i.e., using the reported whiter perch RPC estimates which were lower than the reported 
striped bass RPC estimates). This combined effectoffset the opposite effects of the extreme 
bounds for mechanical mortality rate and of the alternate estimates for riverwide abundance 
(which would have lowered CEMR estimates). However, the CEMR estimates for scenario C1 
for white perch (all Morone PYSL entrained assurned to be white perch) are lower than the DEIS 
estimates. This is because the effects of the extreme bound for mechanical mortality rate and the 
extreme bounds for RPC (i.e. the effect of lowering the CEMR estimate) are greater than the 
opposing effect of the extreme bounds for numbers entrained. 

Indices of PYSL Abundance 

The high correlations between the alternate PYSL abundance index values and the PYSL 
index values reported elsewhere in this DEIS, for both striped bass and white perch, are largely 
due to the wide range of index values in the historical record. If only the smaller index values 
from the earlier years were considered, the correlations would not be as high. Also, for some of 
the earlier years, the alternate PYSL index values are over 5 times as large as the reported PYSL 
index values. 
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This suggests that the reported PYSL index values in some individual years, &om the early 
portion of the historical record, may not be reliable. Nevertheless, over the full period of record, 
the overall pattern of inter-annual variability is very similar for the alternate and reported PYSL 
indices, with much higher values exhibited in the later years. 

In general, the alternate PYSL index values for striped bass are higher than the reported 
PYSL index values for striped bass. Consequently, the alternate white perch PYSL index values 
are generally lower than the reported values (because the s u m  represents the total Morone PY SL 
abundance). This suggests that, in relation to the alternate PYSL index values, the DEIS PYSL 
index values overstate the abundance of white perch and understate the abundance of striped 
bass. This pattern of relative bias is consistent with the CEMR sensitivity analysis results for 
scenario A1 discussed above, and could be reconciled with the findings of Houde, et. al. (1991) 
and Schmidt ( 1993) by considering the size classes of PYSL included in their analyses (as 
discussed above for scenario Al). 

The degree of agreement between the alternate estimates and the DEIS estimates is 
greater in the later years than in the earlier years. This was the case for both the pattern of inter- 
annual variability and the magnitude of the annual index values (Table 5). 

Conclusions 

The CEMR estimates €or striped bass and white perch that are reported elsewhere in this 
DEIS are very similar to alternate CEMR estimates that are not based on Morone PYSL data 
identified to species. Also, the CEMR estimates reported for striped bass fall within the range of 
estimates that were computed with the component parameters set to extreme bounds. The white 
perch CEMR estimates are higher or within the range of estimates computed with the component 
parameters set to extreme bounds. 

These findings corroborate the range of CEMR values reported elsewhere in the DEIS 
and do not support the hypothesis that the reported CEMR estimates are severely biased due to 
the presence of misidentification of Morone PYSL. 

Also, the alternate PYSL index values displayed a high degree of correlation with the 
reported PYSL index values. This suggests that for the purposes of characterizing long-term 
inter-annual variability and trends, the reported PYSL indices are usehl measures. 
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APPENDIX VI- 1 -D- 1 

ESTIMATED NUMBER OF FISH KILLED DUE TO ENTRAINMENT 



Table 1. Tchi number killed by entrainment based on in-plant sampling at Rolreton 1 8 2 during 1981-1987 e 

3 
4 

Grand Total 

1.84~46 i . x ~ + o e  2.33~46 6 .51~46  8 . ~ ~ 9 5  6 . a i ~ 9 5  3 .71~95  I.XIE+Q~ 
4.99E94 1.12E95 1.66E95 9.99E44 1.23E95 5.51 E 4 5  
1.89646 1.53E46 2.75E46 9.05E46 1.04E46 8.06E95 3.81E45 1.75E97 

SumofNumberEntrained 

LifeBtaga 
3 
41 1.09E46 l .ME46 I 2.11E46 

Grand Total I 1.60E46 l .ME46 1.80E46 3.14E+061 7.57E96 

Year I 
1991 1982 1985 1986 Grend Total 

5.09E95 1.80E46 3.14E46 5.45E46 

~ 

Sum of Number Enbained Year I 
Cifestage 1981 1982 1983 1984 1985 1986 1987 Grand Total 

1 1.47E47 8.43E46 1.56E47 4.37E- 7.54E46 1.OOE+O7 2.10E46 6.27E97 
2 2.80E46 6.87E46 l.O6E+O7 5.89E47 8.81E46 1.ME96 1.06E45 8.91E47 
3 3.68E48 2.15E48 4.12E48 4.57E48 8.92E47 1.36E48 1.04E48 1.78E+O9 
41 2.66E46 5.27E- 2.OOE46 4.42E394 2.38E95 4.46E45 
I 3.89E48 2.31E48 4.40E+08 5.20E48 1.06E48 1.48E+08 1.06E481 l.eK99 

Sum of Number Enbained 

Lifestage 
1 
2 
3 
4 

Grand Totid 

Lifestege I I90f 1982 1983 1984 1985 1986 1997 GrandTatal 
1 277E95 1.73E45 2.19E95 1.55E45 1.64E45 4.59E96 5.57E96 

Year I 
1981 1 982 1983 1984 1985 1986 1987 Grand Totaf 

1.27E47 2.06E47 2.63E47 1.30E47 2.99E97 3.61E47 2.54E47 1.64E48 
4.72E46 2.81E+07 4.38E+07 3.08E+07 1.57E+07 5.50E47 3.68E47 2.15E48 
3.25E47 9.75E47 5.79E47 5.50E47 1.12E98 8.51E47 8.79E47 5.28E48 
9.29E95 6.21E95 3.86E+05 4.91E64 1.06E45 8.80E+O5 2.97E46 
5.09E97 1.47598 1.28E+08 9.89E47 1.58E98 1.77E98 1.50E48 9.10E48 

2 3.66E46 1.79E47 2.49E46 2.62E46 230E46 2.98E47 1.37.471 1 . ~ E 4 8 1  
3 4 .X-  2.14E47 7.17E- 1.09E47 1.18E47 1.14E47 7.69E97 1.44E48 I 
41 3.04E45 3.32E44 4.32E94 3.22E44 2.28E94 1.14E+04 1 4.47E45 

ofand Total I 8.72E46 3.97E47 9.88E46 1.38E47 1.43E47 4.14E47 1.5!5E+081 2.83E48 

: 1 = eggs; 2 = ydk-sac larvae; 3 = post yolk-sac larvae; 4 =juveniles 



Tsbk 2 Told rtumber IciM by entrainment based on in-pknt sampling at Indian Point 2 & 3 during 1981-1987 

41 2.19E95 1.OSE95 4.19E+03 1.GOE45 
Grwd Tatal I 3.90€+06 2.21E+06 4.68697 1.70E44 286E+05 

American Shad 

4.28E45 
5.32E97 

SumofNutnberEntrained 

Lifestage 
1 

Year I 
1981 1983 1984 1985 1986 19871Grand Total 

1.17E48 7.SSE96 4.43E47 8.74E97 3.22E47 2.13E471 3.10E48 
1.40E48 

6.87E97 7.57E48 1.09E48 9.38E97 

Sum of Number Entrained 

Lifestage 
1 
2 
3 

41 1.34E+06 1.34E46 7.87E95 9.92E94 5.03E45 1.73E+06/ 5.79E96 
orand Total I 3.87E+08 7.76E97 9.42E+08 1.97E48 1.26E48 2.29E481 1.96E49 

Year I 
1981 1983 1984 1985 1986 1987 Grand Total 

7.16E44 2.46E+05 7.87E45 8.42E- 4.95E+03 4.17E+03 1.96E96 
7.32E46 7.35E+08 7.42E48 

8.72E97 4.27E.98 8.47E48 1.23E96 1.16548 1.66E46 1.48E99 
41 9.45595 8.57E45 1.25E45 1.23E95 

Grand Total I 8.83E97 4.36E.98 1.58E99 2.07E96 1.16598 1.67646 
2.05E96 
2.23E99 

SomofNumberEnbakred 

Lifestage 
1 
2 
3 

Year I 
1w1 1983 1984 1985 1986 1987 GrandTctal 

208E95 6.92E44 1.11E96 7.55E94 4.2lE44 1.37694 1.52E96 
1.32E97 3.94E48 4.48E46 1.28E+06 4.9OE48 4.50E44 2.79E97 
5.11E97 2.63E97 5.46E97 1.93E47 7.18E97 252E47 2.48E48 

White Perch 

41 9.09E95 1.60E95 1.24E- 2.80E94 6.23E44 3.17E45 
Grand Total I 6.55E47 3.05E97 6.WE97 2.07E+07 7.68E47 2.58E97 

Life : 1 "eggs; 2='yolk-sac larvae; 3 = post yolk-sac larvae; 4 =juveniles 

1.60E48 
2.79E48 



Table 3. T U  nunkr kfiled by entrainment based on in-plant sampling at Bowline Point 1 & 2 during 1981-1987 

~ ~ N ~ E n t r a i n e d  

Lifestage 
I 
3 
4 

Year I 
1981 1982 1983 1984 1986 1987 Gfand Total 

1 .mE95 1 . B E 4 5  
4.13E94 8.68E95 5.48E44 3.94E- 1.32E94 2.21E44 1.39E46 
7.88E94 2.76E44 2.95E94 1.55E94 2.92E94 1.81E95 

SumofNumberEntrained 

Lifestage 
I 
2 
3 
4 

Gand Total 

Year I 
1981 1982 1983 1984 1985 1986 1987 GrandTotal 

3.25E44 1.73E45 3.82E96 1.30E45 8.05E95 4.96E+06 
8.59E94 3.33E95 4.25E44 4.61E+05 

5.21E.97 2.21E95 2.38E+07 2.88E48 3.07E+07 4.66E+07 9.46E+07 5.36E48 
1.35E+06 5.20E44 1.14E+06 2.18E96 7.17E95 2.08E95 7.78E95 6.42E96 
5.35E47 2.73E+05 2.51 E 4 7  2.90E48 3.52E97 4.73E47 9.62E+07 5.48E48 

2.33EW 2 . m -  
2.02E96 6.78E96 2.44E47 4.25E97 4.00E94 8.64E+05 1.52E45 

Sum of Number Entrained Year I 
.Lifestase 1981 1982 1983 1984 1985 1986 1987 Grand Totat 

1 3.91E44 1.12E44 1.80E44 1.47E95 1.09E44 1.23E+04 2.38E95 

4 
orand Total 

1.39Ea 3.49E94 7.69E94 1.45E44 4.51 E+04 5.46E+03 3.16E95 
2.20E96 6.82E96 2.45E.97 4.27E47 3.15E- 9.21E95 1.S7E95 7.76E47 

White Perch 

SumofNranberEntralned 

1 
2 
3 
4 

orand Total 

Sum of Number Entrained lYear 1 

Year I 
1981 1982 1983 19gq 1985 1986 1987 GrandTotal 

1.53E93 2.17E94 2.01E+03 l.ME+O3 2.62E44 
1.92Ea 1.69E+06 1.26E46 S.llE95 250E94 5.3SE96 2.44E94 9.05E46 
3.36E46 1.16E46 1.78Ea 4.27E96 3.28E45 9.64E96 2.32E46 229E47 
1.32E45 8.69E94 1.17E+05 3.60E44 3.18E94 3.10E95 7.13E95 
3.69E96 2.94E46 3.16E+06 4.84E46 3.55E95 1.50E97 2.65E96 3.27E.97 

I 1981 1982 1983 1984 1985 1986 1987lGrand Total 
11 1.36E+06 3.73E46 3.84E46 3.75E+06 1.90E95 1.67E95 1.12E431 1.30E97 
2 
3 
4 

Grand Total 

6.35E+04 9.03E95 6.97E+05 2.87E95 4.52E45 2.41 E+06 
8.76E+06 3.63E96 1.15E+07 l.OlE+07 7.26E95 5.56E96 1.71E95 4.05E97 
2.50E+05 4.95E44 5.84E+04 1.14E44 4.72E44 6.70E44 2.46E44 5.08E95 
1.04E47 7.486+06 1.63E47 1.46E47 1.2SE96 6.25E96 l . 9 6 E a  5.65E+07 

Life stages: 1 = eggs; 2 = yolk- larvae; 3 = post yolk-sac larvae; 4 =juveniles 



APPENDIX VI-1 -D-2 

ESTIMATED TOTAL NUMBER OF FISH ENTRADED 



P' 

( 

SunofNumberEntrainad 

1 
2 
3 
4 

Grand T W  

i 

Year I 
1981 1982 1983 1984 1985 1986 1987 GrandTW 

2.48E+03 8.80E+04 2.84€94 2.98E+03 2.75E+03 9.67E+03 1.34€+0E 
1.19E95 2.17E95 3.17E+06 5.75E94 3.56E9E 

232E46 1.67E46 2.92E48 8.19E+06 1.13E96 8.57E45 4.67E95 1.76E97 
5.92E94 1.37E95 1.74E95 1.24E- 1.53E45 6.47Ea 
2.38E46 1 .W-  3.40E48 1.14E47 1.31E96 1.01E46 4.77E95 2.19€+07 

Table 1. Total numbers entrained based on In-plant abundance sampling at Roseton 1 8 2 during 1981-1987. 

Sum of Number Entrained 

Lifestage 
3 
4 

Grand Total 

Year I 
1981 1982 1985 1986 GrandTotal 

5.09E95 1.80E46 3.14E96 5.45E+06 
1.09E48 1.02E+06 2.1 1 E+06 
1 .60Ea 1.02E96 1.80E96 3.14E+06 7.57E46 

BavAnchow 

1 
2 
3 

1.47E97 8.43E+06 1.56E+O7 4.37E96 7.54E96 1.00E97 2.10E+06 6.27E47 
3.53E+06 8.66E96 1.34E97 7.42E97 1.11E97 1.29E+06 1.33E+05 1.12E48 
4.64E- 271E98 5.18E+08 5.76E+08 1.12E98 1.71E+08 1.31E+08 2.24E49 

River Herring 
Sum of Number Entrained IYear I 
Lifestage I 1981 1 982 1983 1984 1985 1986 19871Grand Total 

Sum of Number Entrained 

Lifestag& 
1 

Year I 
1981 1982 1983 1984 1985 1986 lSs7lcrand T M  

2.77E.95 1.73E45 219E45 1.55E.95 1.W- 4 . ~ ~ 4 8 1  5.57E48 

41 3.03E+06 6.30E45 2.05E+06 5.31E44 2.94E45 5.49E+O5 I 6.60E46 
Grand Total I 4.85E98 289E+08 5.49E98 6.54E+O8 1.31E98 1.83E+O8 1.33E481 2.42E49 

1 
2 
3 
4 

Grand Total 

l.27E97 2.06E+07 2.63E+07 1.30E47 2.99E97 3.61E47 2.54E47 1.64E48 
8.3!5E+06 4.97E47 7.75E+07 5.44E97 2.78E47 9.72E97 6.50E97 3.8OE98 
5.74E97 1.72E98 1.ME+08 9.69E97 1.98E48 1.5oE98 1.55Ea 9.33E48 
2.00E96 1.34E+06 8.31E+05 1.06E95 2.28E45 1.90E46 6.40E96 
8.05E-7 2.44E48 2.07E+08 1.64E98 2.56E48 2.85E48 2.466+08 1.48E+O9 

1.37E47 6.63E+07 8.!53E48 9.31E48 8.64€46 9.6oE97 2.77EW 
1.66E97 7.47E97 250E97 3.76E97 4.11E97 3.97E97 2.68E98 

4) 1.20E48 1.3lE.95 1.70E45 l.27E45 8.99E44 4.48E+04 I 1.76E96 
Grwd Tdal I 3.15E97 1.41E+08 3.39E+07 4.73E47 5.00E47 1.36E98 5.5oE481 9.90E48 

white Perch 
Sum of Number Entrained !Year I 
Lifestage I 1981 1982 1983 1984 1985 1986 19871Grand Total 

Life Stages: 1 = eggs; 2 = yolk-sac larvae: 3 = post yolk-sac fame; 4 = juveniles 



2 4.15E96 1.9OE+O6 1.24E+O6 
3 I 4.63E95 7 . w -  5.76E47 
41 2 1 9 E 6  1.18E- 4.19E43 1.24E45 

Grand Tdal I 4.83E46 276E46 5.89E47 i.7OE44 3.57E45 
4.65E45 
6 . W 4 7  

SumofNulmberEntraid 

Lifestage 
1.00E40 
2.00E90 
3.00E90 
4.00E40 

Grand Total 

Year I 
1.98E+03 l.98E+O3 1.98E+03 1.SBE43 1.99E+O3 1.99E- GwndTotal 
1.17E48 7.55E+06 4.43E47 8.74E47 3.22E47 2.13E47 3.10E48 
l . n E 9 7  I .40E48 2.38E- 1.60E48 
2.51E48 6.87E47 7.57E98 1.09E48 9.38E47 2.03E48 1.48E49 
1.34E46 1.34E+O6 7.87E95 9.92E+O4 5.03E45 1.73E96 5.79E+06 
3.87E48 7.76E47 9.42E98 1.97E48 1.26E48 2.29E48 1.96E49 

Sum of Number Entrained 

Lifestage 
1 
2 
3 
4 

Grand Totel 

Year I 
1981 1983 I984 1985 1986 1987 Grand Total 

7.16E44 2.46E95 7.87E95 8.42E45 4.95E+O3 4.17E+03 1.96E96 
9.22E+O6 9.26E98 9.35E98 

1.09E48 5.37E48 1.07E49 1.38E96 1.46E48 2.04E46 1.86E99 
9.45E95 8.65E95 1.31E95 I .42E+05 2.08E+06 
1.10E98 5.47E98 1.99E49 2.23E96 1.46E48 205E96 2.8OE49 

; 2 = yolk-sac lam; 3 = post yolk-sac larvae; 4 = juveniles 

SumofNcrmbwEntraid 

I 
2 
3 

Year I 
1981 1983 1984 1985 1986 1987 GwndTotal 

8.37E95 4.84E- 233696 1.29E95 6.24E+03 9.35E44 8.24E96 
1.27E47 1.12E47 1.66E47 2.00E96 4.08E96 3.99E+05 4.7OE47 
3.10E48 4.24E48 3.55E48 6.17E47 2.27E48 207E47 1.4OE+O9 

4 

Grand Tdrd 
6.91E96 8.03E95 2.91E+05 9.76E44 1.09E+O6 9.29E44 9.28E+O6 
3.31E98 4.41E98 3.74E+08 6.39E+Q7 2.32E48 2.12E47 1.46E49 



~ ~ N ~ E ~  

1 
3 
4 

Gr;md Total 

Year I 
1981 1982 1983 1984 1986 1987 Grand Total 

1.2OE95 1.2OEa 
5.16EM 1.09E46 6.73594 4.96E95 1.66E44 2.78E44 1.75E+06 
8.87E94 3.47E44 3.15E94 1.91E94 3.68E44 2.11E95 
1.40E45 1.2SE96 9.88E94 4.96E95 3.57E94 6.46E44 2.08E96 

3.48E45 3.33E+05 4 . ~ ~ * l  7.238951 
5.21E47 2.21E95 4.16E47 2.88E48 3.21E47 4.66E-7 9.46E47 S.!%E+08 

SumofNwnkrEntrained 

Lif- 
1 

Year I 
1985 1986 19871Grand Total 1981 1982 1983 1984 

3.25E44 1.73E95 3.85E46 1.30E95 8.WE+061 4.99E96 

River Herring 
Sum of Number Entrained IYear I 

41 1.35E+06 5.20E44 1.14E+06 2.18E46 7.17E95 2.08E+OS 7.78E95 
Grand Total I 5.35E47 2.73E95 4.32E47 2.90E48 3.67E47 4.73E+07 9.62547 

Lifestage I 1981 1982 1983 1984 1985 1986 1987/Grand Total 
1 I 3.91E44 1.12E94 1.80E+04 1.73E95 1.42E94 l.23E94 I 2.68E95 

8.42E 
5.67E 

2 
3 
4 

G d  Total 
r" 

2.93E+04 3.32E95 3.61 E 4 5  
2.54E96 8.54E96 2.97E+07 5.36E47 5.03E94 1.09E96 1.91E95 9.VE+07 
1.4E+05 3.70E94 7.95E+04 1.50E94 5.68E44 6.88E+03 3.43E+05 
2.73E46 8.58E46 2.98E47 5.38E47 3.97E+05 1.16E96 1.98E95 9.67E97 

SwnofNrantrerEntrebred Year I 
Lifestage 1981 1982 1983 1984 1985 1986 1987 GnndTotal 

1 1.53E43 2.43E94 2.01E+03 l.O2E+03 2.88E94 
2 5.46E45 6.25E96 2.84E96 1.57E96 6.77E94 1.42E97 9.17E94 2.56E97 
3 1.17E47 4.04E96 6.26E96 1.57E97 1.15E+06 3.36E47 8.08E+06 8.06E97 
4 5.2OE45 3.42E45 4.78E95 1.42E95 1.25EW 1.22E46 283E96 

Ganf Total 1.28E+07 1.06E47 9.58E46 1.74E97 1.22E+06 4.79E47 9.39E96 1.09E98 

1.23E95 1.6OE+06 1.28E96 5.07E95 7.98E95 
1.55E47 6.41E98 2.04E47 2.02E47 1 s -  9.83E96 3.02E95 

Sum of Number Entrained 

Lifestage 
1 

41 5.38E95 1.07Ea 1.42E+O5 2.45E44 l .ME95 1.44E45 5.BE941 l.llE+06 
GRnd Total I 1.74E47 1.04E47 2.60E47 2.56E47 2.1OE+06 1.09E47 3.5M951 9.28E47 

Year I 
1981 1982 1983 1984 1985 1986 1987 GrandTotal 

1.36E96 3.73E96 3.84E46 4.10E96 1.98E95 1.67E45 1.12E+03 1.34E47 

Life !3ages: 1 = eggs; 2 = yolk-sac lam; 3 = post yolk-sac larvae; 4 =juveniles 



Appendix VI-2-A 

Impingement Process and Sampling 
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A.. Description of the Process 

To keep condensers from clogging with solid materials and biota, power plant cooling water 
intake systems use a combination of large- and finer-mesh screens. Typically, the large- 
mesh screens or bar racks are fixed in place while the finer-mesh screens can move to 
facilitate cleaning. The movable screens are called traveling screens. As the water passes 
through these screens, organisms larger than the mesh openings, juvenile and in some 
instances adult fish, can be pressed (impinged) against the screens. The number impinged 
relative to those entrained is a function of the mesh size on the traveling screens. Various 
screenwash systems are employed for periodically removing impinged fish from the screens 
and either disposing of them or rehuning them to the water body from which they came. 

Some impinged fish die immediately (short-term mortality), some at a later time (latent or 
long-term mortality). The actual cause of mortality in impinged fish seems to be the 
physical trauma imposed by the process itself, i.e., loss of protective scales and mucous 
membranes and bodily injury fiom contact with screens, high-pressure screenwash systems, 
and bypass structures. Damage is often related to the length of time the fish remains 
impinged. Continuous rotation of traveling screens reduces the time the fish are in contact 
with the screen and substantially increases post- impingement survival. 

i 

The survival rate for impinged fish also depends on several other plant-related factors, such 
as intake velocity, plant design, and operating conditions. To a large degree, impingement 
survival is species specific, and also varies with size and season. Soft-bodied fish such as 
alewives, which possess easily lost scales, generally suffer higher impingement mortality 
than do hardier fish such as hogchokers. 

B. Data to Estimate Impingement Effects 

Sampling programs and studies concerned with the aquatic effects of impingement have 
been conducted at the Roseton, Indian Point, and Bowline Point generating stations. The 
following section provides a brief overview of studies at each plant. 

Roseton 

An ongoing impingement monitoring program was initiated at the Roseton Generating Sta- 
tion in 1973. Studies at Roseton have monitored species composition, total numbers, and 
total weight of fish and invertebrates impinged on the traveling screens of both units. 
Length frequency distributions, seasonal and diel abundance patterns, and long-term trends 
in impingement have been conducted for selected species. Plant operating conditions such 
as circulating pump operation, flow rates, and screenwash operation during sampling were 



recorded. Details of annual ~pingement monitoring programs are found in the series of 
reports listed in Appendix V- 1. 

Studies at Roseton have also evaluated impingement mitigation and post-impingement 
survival. Studies conducted from I975 through 1977 (EA 1979) were designed to estimate 
the survival rates of impinged fish under various screenwash and plant operating conditions 
during different seasons of the year. 

Section VII-B-I provides a detailed description of the conventional and dual-flow traveling 
screens operated at the Roseton Generating Station. 

Indian Point 

Impingement sampling at the Indian Point Generating Station began in June 1972. 
Sampling was conducted at Unit 1, Unit 2, and occasionally at Unit 3. Full sampling did 
not occur at Unit 3 until it began commercial operation in 1976. The monitoring program at 
Indian Point has concentrated on quantifying the species of fish impinged at both the 
traveling and/or fixed screens at each unit. Impingement data included total count and 
weight of species impinged, water quality and plant operating conditions (circulating pump 
operation, flow rates, and screenwash operation). In 1983 crabs were also included in the 
annual monitoring program. Further details of impingement studies are described in the 
annual reports listed in Appendix V- 1. 

Impingement sampling procedures have remained similar to those of early sampling 
programs. In July 1981 a seasonally stratified sampling scheme was initiated to reduce 
monitoring to 110 sampling days. Sampling days were reduced further in October 1990 
with the adoption of a weekly sampling schedule (EA 1991). Studies were interrupted 
following the installation of modified Ristroph screens at both units in 1991 and 1992 until 
the installations, including the fish return system and any refinements desired by the parties 
to the 1980 Settlement, have been completed. A description of the Ristroph screen systems 
is provided in Section VII-B-2. 

Bowline Point 

Impingement sampling was initiated at the Bowline Point Generating Station in December 
1972. This continuing program has monitored species composition, total numbers, and total 
weights of fish impinged at both Units. Length frequency distributions, seasonal and diel 
abundance patterns, and long-term trends in impingement have also been examined for 
select species and age classes. 

Special studies at Bowline Point have included impingement mitigation, estimates of initial 
and long- term p o ~ p i n g e m e n t  survival, and screen collection efficiency studies. A series 
of po~~p ingemen t  survival studies was conducted at Bowline Point between 1975 and 
1981 (EA 1979,1982). Survival studies investigated both initial and extended survival of 
selected species and life stages after exposure to impingement. Impingement mitigation 
studies were conducted at Bowline Point during 1976 and 1977 (LMS 1978). The 



effectiveness of a barrier net to reduce impingement was evaluated during the winter and 
spring months, historically higher periods of impingement at Bowline Point compared to the 
remainder of the year (LMS 1978). A detailed description and results of the barrier net 
installation are reported in Section IV. 

C.. Qualitative Descriptiun of Impingement Effects 

As discussed above, sampling for impingement abundance has been conducted at the 
Roseton, Indian Point, and Bowline Point stations for 26, 20, and 25 years, respectively. 
The number of species identified in these sampling efforts was 64 at Roseton, 88 at Indian 
Point, and 65 at Bowline Point. However, for most of these species the numbers caught 
were relatively small, and some represented incidental catches. The species lists shown in 
Table 1 indicate that 95% of the catch at the three stations discussed here was composed of 
nine species. These and certain other species were selected by DEC for more analysis. 

D. Quantitative Description of Impingement Effects 

Quantitative estimates of impingement losses were developed using the Conditional 
Impingement Mortality Rate (CIMR) model that is very similar to the Empirical 
Impingement Model (EIM) used in prior studies. The CIMR (described in Appendix VI-2) 
uses monthly estimates of numbers of fish lost due to impingement in conjunction with 
estimates of the river population during the same time period to estimate the fraction of the 
population lost due to impingement. The river population estimates for each month are 
derived from sampling data, estimates of gear efficiency, and estimated survival rates as 
determined from the literature or catch curve data. Conditional impingement mortality rates 
expected under the utilities' operating plan were estimated as they were for entrainment, 
discussed previously. Details of the modeIing approach and results for each year appear in 
Appendix VI-2-B. 
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TABLE 1 (p.te 2 of 3) 

-ON OF ik4PlN- ABUNDANCE SAMPLES AT 
ROSETON. AND INDIAN POINT GENERATING SI'ATIONS, 1-1 - 1990 
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Methods for Estimating Conditional Impingement Mortality Rates 



Methods for Estimating 
ConditionaI Impingement Mortality Rates 

Overview and Approach 

The conditional impingement mortality rate (CIMR) is the fractional reduction in 
abundance of a cohort at the end of a period of impingement vulnerability due to 
impingement: 

where, 

Ne,, = cohort abundance at the end of the period in the absence of impingement 

= cohort abundance at the end of the period in the presence of impingement 
mortality, and 

mortality. 

Empirical estimates of abundance under both conditions (i.e., with and without 
impingement mortality) cannot be obtained because both conditions cannot occur 
concurrently. Therefore, the formulation above, equation (l), cannot be used as the basis 
for estimating CIMR. An alternative formulation for CIMR, on which CIMR estimates 
can be based, is required. The alternative formulation defines CIMR in terms of 
instantaneous rates: 

t 

month=O 

I 

= 1 - exp[- IIRmonh 3 
month=O 

where 
No = cohort abundance at the beginning of the period, 

I",,,, = instantaneous impingement mortality rate (per month) in the specified month, and 

Mmonh = instantaneous natural mortality rate (per month) in the specified month. 

Month-specific values for IIR can be estimated from riverwide abundance 
estimates and estimates of numbers of fish that die from impingement. The ratio of the 
number of fish (from a cohort) that die from impingement during a month to the average 
abundance of the cohort during a month is the IIR for the month. By definition (e.g., 
Ricker 1975), the number that die (during a specified period) from a source of mortality 



is the product of the average abundance during the period and the instantaneous mortality 
rate: - 

'month = ''Rmonth Nmonth 

where 

Imonth = number (of the cohort) that die from impingement during the month, and 
Nmonrh = average abundance of the cohort during the month. 
- 

Therefore, 
'month 

Nmonth 

I.Rmonth = - . 
The estimator for CIMR is based on combining equations (2) and (3) as follows: 

(3) 

Riverwide Abundance Estimates 

As noted above, estimates of abundance are needed for each annual cohort for 
each month during which the cohort is vulnerable to impingement. For each taxon and 
cohort, the month-specific abundance estimates are based on assumed survival rates from 
the juvenile stage to the last age of impingement vulnerability and on an estimate of 
juvenile abundance: 

T-1 
fiT =fiJJsi, 

i=J 

where 

(4) 

FT =estimate of the average abundance during month T, which corresponds to the 

kT = estimate of abundance at the beginning of month 

k, = estimate of juvenile abundance at the beginning of month J (generally 

S, = survival fraction from the beginning of month t to the end of month t .  

age of the fish in months; 

ZT = -ln[s,]; 

September); and 

Values for the survival fractions that are used in the C W  calculations are summarized 
in Table 1 along with the source of information. 

2 



Two types of juvenile abundance estimates are used, depending on the availability 
of data for each taxon. For striped bass and Atlantic tomcod, the juvenile abundance 
estimates are based on mark-recapture estimates of age- 1 and age-2 fish. The juvenile 
abundance estimates for these species are computed using a modification to equation (4): 

.. 

t=J 

where 

fi, = mark-recapture estimate of abundance at the beginning of month R. 

For all other species, a combined standing crop estimate of juvenile abundance is 
used. The combined standing crop estimates are based on catch-per-unit-effort (CPUE) 
data .from the Utilities' Fall Shoals and Beach Seine Programs. The CPUE data are 
scaled-up by the ratio of the volurne of the river to the average volume swept per sample 
as described in the 1985 Year Class Report (Versar 1987). The combined standing crop 
estimates are also adjusted to account for gear efficiencies being less than 100%. Using 
this approach, the average juvenile abundance ( f l J  ) over weeks 33 through 40 (8 weeks) 
is estimated as 

where 

CPUEBs,wk = riverwide average CPUE for the shore zone (sampled by the Beach Seine 

C P U E B B , ~ ~  = riverwide average CPUE for the Fall Shoals program bottom stratum 

CPUEFSc,,,,k = riverwide average C P m  for the Fall Shoals program channel stratum 

V, = riverwide volume of the shore zone, 
VnB = riverwide volume of the bottom stratum (including the shoals stratum. sampled 

V,  = riverwide volume of the channel stratum, 
QBs = assumed gear efficiency (probability of capture for the shore zone) of the beach 

QFsB = assumed gear efficiency of the beam trawl, and 
Q, = assumed gear efficiency of the tucker trawl. 

Survey) in week wk; 

(sampled by the beam trawl) in week wk; 

(sampled by the tucker trawl) in week wk; 

by the beam trawl), 

seine, 

3 



Region and stratum volumes for the river were taken from Table 11-12 of the 1985 Year 
Class Report (Versar 1987). Assumed gear efficiencies for the beam trawl, Tucker trawl 
and beach seine are discussed in the following section. 

The juvenile abundance at the beginning of September was derived from the 
average abundance using the following relationships: 

where 

j i f 3 S  = juvenile abundance at the beginning of week 35 (1" week of September), 
S, = survival fiaction from the beginning to the end of week wk, and 

Gear Eflciency Assumptions 

Gear efficiency assumptions for the epibenthic sled and beam trawl are based on 
the following considerations: 

1. The average ratio of catch rates (epibenthic sled to beam trawl) from gear 
efficiency studies conducted in 1980,1983 and 1984 studies as reported by 
NAI in 1986 is 0.17:l (see Table 2); 

2. NAI (1 984) reported that the high-rise 6.2-m trawl has nearly 2 m of vertical 
lift in comparison to the beam trawl with 1 m of lift. Accordingly, the ratio of 
catches in terms of volumetric density between the beam trawl and 6.2-m 
trawl would be 0.7:l (0.35 x 2); 

3. Kjelson and Colby (1 977) reported the catch efficiency of a 6.1 -m otter trawl 
(night sampling) to be 23% for juvenile pinfish and 16% for juvenile spot (an 
average of 19.5%); and 

4. Loesch et al. (1976) reported the catch efficiency of a 4.9-m otter trawl to be 
25% for Atlantic croaker and 6% for spot (an average of 16%). 

For these analyses, the gear efficiency of the 3-m beam trawl is assumed to be 
similar to that reported by Loesch et al. of the 4.9-m otter trawl, Le., 16%. A similar 
value can be derived fkom the gear efficiency of the 6.1 -m otter trawl reported by Kjelson 
and Colby (1 977). Assuming the 6.2-m high-rise trawl had an efficiency similar to the 
6.1-m otter trawl, then the efficiency of the beam trawl would be roughly 14% (Le., 0.7 x 
0.195). Based on these observations, the beam trawl gear efficiency is assumed to be 
approximately 15%. 

4 



The gear efficiency of the epibenthic sled is derived from the assumed gear 
efficiency of the beam trawl and the ratio of catch rates between the epibenthic sled and 
beam trawl. Based on this approach the assumed gear efficiency for the epibenthic sled is 
2.7% (Le., 0.17 x 0.15). The 1-m Tucker trawl (which has the same net dimensions as the 
1 -m epibenthic sled) is assumed to have the same gear efficiency as the 1 -m epibenthic 
sled. 

The probability of capture for the beach seine is derived from abundance 
estimates of YOY striped bass. The approach has 4 steps: 

1. 

2. 

3. 

4. 

Estimation of the riverwide abundance of YOY striped bass from the estimate 
of age-1 abundance from the Utilities’ mark-recapture program and age- 
specific mortality rates (see Figure 1); 

Estimation of the abundance of YOY within the channel, bottom and shoal 
strata of the river using the assumed gear efficiencies described above and 
CPUE data from the Utilities’ Fall Shoals program; 

Estimation of the fraction of the riverwide YOY abundance that is within the 
channel, bottom (and shoal) strata, and assume that the remaining fraction 
inhabits the shore zone; and 

Derivation of the probability of capture for the beach seine within the shore 
zone as the ratio of 

a. the unadjusted shore zone abundance estimate from the beach seine survey 
(i.e., the average CPH divided by the fraction of the shore zone sampled 
by one haul), to 

b. the riverwide YOY abundance estimate times the estimated fraction 
inhabiting the shore zone. 

Application of the methods described above to data for the 1985 through 1994 
year classes of striped bass produced an estimate of probability of capture for the beach 
seine of 4%. All scale-up factors (l/Q) for gear efficiency and probability of capture are 
summarized in Table 3. 

Estimates of Numbers that Die from Impingement 

The estimated number that died due to impingement was calculated as the product 
of the estimated number impinged and the screen mortality rate. 
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Estimates of Numbers Impinged 

For Indian Point, impingement data from 1980-1 990 were obtained from Con 
Edison in computer files consisting of numbers impinged in impingement samples, length 
frequency information of numbers impinged, and length divisions for allocation to age 
classes. For white perch, American shad, and striped bass at Indian Point, estimates of 
the monthly number impinged by age were calculated from these data. For the other 
species, estimates of numbers impinged were only calculated by life stages (YOY, 
yearling, adult). 

For Roseton, Danskammer, Lovett, Bowline Point, and Albany Steam, 
impingement data were obtained from impingement reports (see Literature Cited). For 
most species, the reports provided estimates of the monthly number impinged by life 
stage. For some species and years, only the monthly number collected (not by life stage) 
in impingement samples was provided. In these instances, the monthly number impinged 
by life stage was estimated using the sampled length frequencies, and the length divisions 
from the Indian Point data. If a length frequency for a particular species and month was 
not available, a length frequency from a proximate plant was used. If no length 
frequency distribution was available, the average length frequency distribution for that 
species, month and plant from all years of available data was used. 

Estimates of numbers impinged were not available for all plants in all months and 
years. The availability of estimates of numbers impinged at each of the facilities is 
summarized in Table 4. Due to the very limited number of years with impingement 
estimates for Albany Steam, and the requirement for multiple years of estimates for taxa 
impinged over multiple ages, CIMR estimates were not calculated for this facility. 

If an estimate of the number impinged was not available for a month in a 
particular year, but estimates were available for other years for that plant and month, the 
following substitution rule was used. The estimated monthly impingement mortality rate 
( IIRmo,,& ) for each available year was divided by the plant withdrawal volume for that 
month and year to give an estimated impingement-rate-per-unit-volume. These 
impingement-rates-per-unit-volume were averaged over all years of available data (for 
that plant). The average impingement-rate-per-unit-volume then was multiplied by the 
withdrawal volume in the month and year with the missing estimate of numbers 
impinged. The resulting value was used as the estimated impingement mortality rate for 
the month. If estimates of numbers impinged were not available in any year for a 
particular month and plant, the average impingement-rate-per-~t-volume, over all 
available months and years (for that plant), was used. 

Monthly data on withdrawal volumes for Roseton, Lovett, Danskamner, Bowline 
Point, and Albany Steam were obtained from annual impingement reports (see Literature 
Cited). Flow data for Indian Point were in computer files provided by Con Edison. 
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Screen  ort tali^ Rate 
i 

Background. -The Utilities have monitored impingement mortality at Hudson 
River power plants through the use of survival studies. These studies are similar to 
standard toxicological studies in that the stressed organisms are held and observed, and 
mortality is observed at set time intervals. Observation periods were of various lengths 
up to 96 hours. 

Fletcher (1 990) reported 8-hr mortality rates for fish impinged on Ristroph 
screens at Indian Point. Ristroph screens are designed to reduce impingement mortality. 
For the period before installation of Ristroph screens at Indian Point, the impingement 
mortality rate was assumed to be 1 OO%, a conservative (worst-case) assumption. For the 
period after installation of the screens (January 199 1 through 1997 for Unit 3 and July 
199 1 through 1997 for Unit 2), impingement mortality rates (Table 5) were taken from 
Fletcher's (1 990) Table 4 (cumulative dead and injured) except for American shad and 
spottail shiner, for which no data were reported. The inpingement mortality rate for 
American shad was taken from Fletcher's Table 6 (opportunistic field collections, screen 
version 2), the rate for spottail shiner was estimated as the average rate of all species on 
his Table 4. 

To order to have a comparable basis for expressing mortality at all Hudson River 
plants, the operators of Roseton, Danskammer Point, Bowline Point and Lovett 
Generating Stations directed that impingement mortality be estimated at 8 hours for all 
species at these plants. These plants have conventional screens rather than Ristroph 
screens, and so mortality estimates are not compatible with estimates made at Indian 
Point: Because the effects on fish survival from conventional and Ristroph screens may 
be different, mortality rates from Indian Point can not be used to predict mortality at the 
other plants, and data fiom the other plants can not be used to predict mortality at Indian 
Point. Therefore, 8-hr mortality rate was estimated separately for the plants with 
conventional screens. For Albany Steam Station, which is not one of the plants 
considered in the DEIS and for which no impingement mortality data were available, the 
impingement mortality rate was assumed to be 100% for all species in all years. 

f 

Where 8-hr mortality is directly available from study data for the plants with 
conventional screens, estimates were made &om the data. The only experimental data 
now available for some plants and species are the initial mortality and cumulative 
mortality at 96 hours. In order to predict mortality at any other time, the shape of the 
time-response curve must be known. The following method was developed to estimate 8- 
hr mortality from three pieces of information: the initial mortality at a plant of interest, 
the 96-hr mortality at that plant, and time-response curves for the species and life stage at 
another plant. 
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In standard toxicological experiments, the stress is applied continuously, usually 
as a dose, and the gradual accumulation of the stressor induces the response (e.g., 
mortality). Because the experiment begins at t = 0, initial mortality is usually zero. In 
impingement studies, the stress occurs at time zero and then is removed, often resulting in 
initial mortality Mo. As a result, cumulative mortality (time-response) curves for 
impingement (Figure 2) differ from standard toxicological time-response curves. The 
following approach was takes this difference into account. 

Methods.- The approach to characterizing the shape of the time-response curve 
is to transform it into relative units (Figure 3) such that the initial mortality (Mo at t = 0 
hrs) and the 96-hr mortality (Mg6 at t = 96 hrs) are assigned values of 0 and 1 .O, 
respectively. The time-response curve in transformed units is represented by 

vs. t. M* -M0 
M96 - M O  

Shape parameters are then estimated from the transformed curve. 

One form of curve that appears to fit the data well is 

Mt-Mo - t -- 
Mg6-M0 a + b t y  (7) 

where a and b are shaping parameters. This equation is structurally similar to the 
Beverton-Holt stock-recruitment relationship Ncker  1975). When t = 0, both sides of 
the equation (7) equal 0. 

At t = 96 hours, equation (1) becomes 

96 
a+96-b  

1 =  

from which 

a = 96 *(1- b)  . 

Substituting into equation (9) into equation (7) yields 

(9) 

which is a one-parmeter model that that can be used to describe the cumulative 
~ p ~ g e m e n t  mortality curves. Equation (1 0) can be rearranged as 
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from which a separate estimate t; for the same curve can be calculated from each 
observation of cumulative mortality rate at each time t. Then the 6 estimates for the 
curve can be averaged and used to predict the 8-hr mortality, Mg, by rearranging equation 
(10) as 

Time-response impingement mortality data to estimate 6 values were available 
from studies conducted at Roseton Generating Station in 1990 and 1994 (LMS 1991c, 
NAI 1995). Mortality or survival was reported at 0,2.5,8, 12,24,48, and 96 hrs (Table 
6).  Mortality data for studies with a total of less than 30 fish were excluded from the 
present analyses. Fish recorded as "stunned " at 96 hrs were considered dead. The 1990 
studies were performed separately for both the conventional and dual-flow screens. This 
distinction was retained throughout the analysis, so that separate estimate of were 
made for the two screen types. The 1994 studies at Roseton assessed mortality only from 
dual-flow screens (Table 7). 

Initial and 96-hr mortality only were available from studies at Bowline Point (EA1 
1982a) and Danskammer Point ( E N  1982b) Generating Stations (Tables 8 and 9). At 
Bowline Point, mortality was reported for "river herring," a designation that did not occuf 
in the time-response studies at Roseton. Mortality of river herring at each time t was 
calculated as the weighted average of mortality for alewife and blueback herring, with 
number of fish in the experiment as the weighting factor. Experiments from different 
time periods were reported fkom Bowline Point, and so multiple mortality data could be 
available for each species and life stage. Where multiple data were available, the 96-hr 
mortality for any species and life stage was calculated as a weighted average across 
periods using number of fish in each period as the weighting factor. To predict the 8-hr 
mortality rate at Bowline Point and Daskammer Point, only values of & calculated from 
studies of conventional screens at Roseton were used. 

For Roseton, 8-hr mortality rates were estimated directly fiom the observations of 
mortality at t = 8 hrs. Estimates are a weighted average of observed mortality rates with a 
weight of 6 (the number of conventional screens) or 2 (the number of dual-flow screens) 
for results from conventional and dual-flow screens, respectively. 
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Results.-Values of the shaping parameter 6 for the nine species of concern are 
shown in Table 10. R-square values for the fit of the impingement mortality predicted by 
the model show that the fit is typically very good (Table 1 1). R-squared values do not 
include initial mortality and mortality at 96 hrs, which are fixed points in the model. The 
poor fits (including one case of a negative R2) typically correspond to cases in which the 
initial mortality is very high and for which an 8-hr mortality rate equal to 100% would be 
a reasonable approximation. 

After the 8-hr mortality rate analysis, combinations of plants, species, and life 
stages still existed for which there were no estimated 8-mortality rates. For example, 
there are no rates for Lovett for any species. Choosing substitution mortality rates is 
somewhat complicated by the fact that some tests were done by life stage and or season, 
while in other tests life stages or seasons were not differentiated. The following 
summarizes substitutions: 

(1) There are complete data for Roseton, and no substitutions were made. 

(2a) For any species at Danskammer for which there is a missing mortality rate 
for at least one life stage and season and for which there is at least one mortality 
rate measured for that species at Danskammer, the highest D a n s k m e r  mortality 
rate for any season for that species and life stage was substituted for the missing 
life stage and season. For white perch yearlings and adults during March and 
summer, the maximum of "yearling and older" rates from immediately previous 
and following seasons was applied. 

(2b) For any species at Danskamrner for which there was no mortality rate after 
applying (Za), the mortality rate at Roseton was applied. 

(3a) For any species at Bowline Point for which there was a missing mortality 
rate for any life stage and for which there was at least one mortality rate measured 
for that species at Bowline, the highest Bowline mortality rate for that species was 
substituted for the missing life stages for that species. Data from Bowline studies 
are not differentiated by season. 

(3b) For any species at Bowline Point for which there was no mortality rate after 
applying (3a), the highest mortality rate across all plants (not including Indian 
Point) was substituted for that species. 

(4) For all species, life stages, and seasons at Lovett, values for Bowline Point 
were substituted. 

Estimated and predicted impingement mortality rates for Bowline Point, 
Danskammer Point, and Roseton Generating Stations are shown in Tables 12, 13, and 14, 
respectively. 
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CIMR Estimates 

For each taxon, two sets of CIMR estimates are produced. The first set represents 
the cumulative CIMR for an annual cohort from the juvenile life stage through the last 
age of impingement vulnerability (Tables 15 through 22). These results are presented for 
each plant and for the combined effects of the plants (Le., riverwide). The second set 
(Tables 23 through 30) represents the annual riverwide CIMRs, by age class, that were 
used to compute the cumulative CIMRs for annual cohorts. 

For both types of CIMR estimates, the availability of data limited the number of 
years for which CIMR estimates could be computed. The striped bass mark-recapture 
program produced abundance estimates only for the 1984 through 1996 cohorts, the 
Atlantic tomcod mark-recapture program produced abundance estimates only for the 
1986 through 1994 cohorts, and riverwide abundance estimates based on bottom 
sampling with the beam trawl are available only Erom 1985 through 1997. 

In addition to the year-specific data availability noted above, the number of 
cohorts for which cumulative CIMR estimates could be computed depends on the 
maximum age of impingement vulnerability. For example, for bay anchovy, which are 
vulnerable to impingement through age 2, cumulative CIMR estimates could be 
computed for the 1985 through 1995 cohorts. Whereas for white perch, which are 

computed only for the 1985 through 1990 cohorts. 
I vulnerable to impingement through age 8, cumulative CIMR estimates could be 
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Table 1 .---Survival fractions used in CIMR calculations. 

h U a l  
Taxon Survival Period Source 

Fraction 
Alewife 0.032 YOY Sep 1 - Age 1 Sep 15 Analysis of age 0 vs. age 

1 standing crop estimates 
Average of adjacent 
estimates 
Average from Stagg 
1986 
Average from Stagg 
1986 
Average from Stagg 
1986 
Average from Stagg 
1986 

Shad catch 

0.4 10 

0.787 

0.554 

0.379 

0.310 

Age 1 Sep 16 - Age 4 Apr 30 

Age 4 May 1 - Age 5 Apr 30 

Age 5 May 1 - Age 6 Apr 30 

Age 6 May 1 - Age 7 Apr 30 

Age 7 May 1 - Age 9 Apr 30 

American 0.00075 YOY Sep 1 - YOY Oct 17 Analysis of BSS weekly 

YOY Oct 17 - Age 1 Dec 3 1 0.30363 

0.60653 

Average of adjacent 
estimates 

Atlantic 0.005 YOY Apr 1 - YOY Dec 31 Taken from data in 
Tomcod Atlantic tomcod 

assessment reports 
Taken from data in 
Atlantic tomcod 
assessment reports 

0.03 1 Analysis of age 0 vs. age 
Anchovy 1 standing crop estimates 

0.08 Houde and h t r o w  1991 
Blueback 0.002 Analysis of age 0 vs. age 
Herring 1 standing crop estimates 

0.347 Blueback herring average 
of adjacent estimates 

0.691 Average from Stagg 
1986 

0.221 Average from Stagg 
1986 

0.228 Average from Stagg 
I986 

0.15 Age 1 Jan 1 - Age 3 Dec 3 1 

Bay YOY Sep 1 - Age 1 Sep 15 

Age 1 Sep 15 - Age 3 Dec 3 1 
Age 0 Sep 1 - Age 1 Sep 15 

Age 1 Sep 16 - Age 4 Apr 30 

Age 4 May 1 - Age 5 Apr 30 

Age 5 May 1 - Age 6 Apr 30 

Age 6 May 1 - Age 9 Dee 3 1 
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Table 1 (continued).-Survival fractions used in CIMR calculations. 

Annual 
Taxon Survival Period Source 

Fraction 
Spottail 0.43 Analysis of age 0 vs. age 
Shiner 1 standing crop estimates 

0.14 Analysis of catch-at-age 
data in Smith and Kramer 
1964 

YOY Sep 1 - Age 1 Sep 15 

Age 1 Sep 15 - Age 3 Dec 3 1 

Striped [see Figure 13 
Bass 
White 0.53 Analysis of age 0 vs. age 
Perch 1 standing crop estimates 

0.69 Average of adjacent 

YOY Sep 1 - Age 1 Sep 15 

Age 1 Sep 16 - Age 2 Apr 30 
estimates 
Median of literature rates 
LMS 1983a, LMS 1986a 
Median of literature rates 

0.85 

0.45 

Age 2 May 1 - Age 3 Apr 30 

Age 3 May 1 - Age 4 Apr 30 
LMS 1983% LMS 1986a 
Median of literature rates 
LMS 1983% LMS 1986a 
Median of literature rates 
LMS 1983% LMS 1986a 
Median of literature rates 
LMS 1983% LMS 1986a 
Median of literature rates 

0.44 

0.5 1 

0.41 

0.36 

Age 4 May 1 - Age 5 Apr 30 

Age 5 May 1 - Age 6 Apr 30 

Age 6 May 1 - Age 7 Apr 30 

Age 7 May 1 - Age 7 Dec 3 1 
LMS 1983a, LMS 1986a 
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Table 2.---Summary of relative catch efficiency of Fall Shoals sampling gears for YOY 
striped bass. 

1-mL Epi- I-mL 3-m Beam 6.2-m Basis Years of Reference 
benthic Tucker Trawl High-Rise for Study 

Sled Trawl Trawl Estimates 

<o. 1 NA NA NA literature 1978 and TI 1980 
1979 (fall) 

0.1 1 A 1 NA volume 1980 NAI 1982 
density September 

0.09 NA 0.35 1 area 1983 NAI 1984 
density October (draft) 

0.1 1 NA 1 NA NA 1980 NAI 1986 
0.17 NA 1 NA NA 1983 
0.25 NA 1 NA volume 1984 

density 
NA = not applicable. 

i 

Table 3.-Smary of scale-up factors (1/Q) for converting CPUE data into estimates of 
abundance for CIMR calculations. 

Sampling Gear Scale-up Factor 
Beach Seine 22.06 
Epibenthic Sled 37.04 
Beam Trawl 6.67 
Tucker Trawl 37.04 
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Table 4. -Summary of years with available impingement data. 

1994 
1995 
1996 
1997 

e e e e 
e e e e 
e e e 0 
e e e e 
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-- 
Table 5.  -fistroph screen mortality rates for Indian Point (fiom Fletcher 1990). 

Taxon 

Bay anchovy 
American shad 
Blueback herring 
Striped bass 
White perch 
Atlantic tomcod 
Alewife 
Snottail shiner 

Screen Mortality 
Rate (%) 

23 
35 
26 
9 
14 
17 
62 

1 5 S a  

a Average of all taxon-specific values in Fletcher's (1 990) Table 4. 
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Table 6. -Data from 1990 impingement mortality studies at Roseton Generating Station (data from LMS 1991~). 

Species Stunned Dead Stunned Live 
Ohr O h r  2.5 hr 8hr 12 hr 24 hr 48 hr 96 hr 96 hr 96 hr 

American shad 
Atlantic tomcod 
Alewife 
Bay anchovy 
Blueback herring 
Striped bass 
Spottail shiner 
White perch 

American shad 
Atlantic tomcod 
Alewife 
Bay anchovy 
Blueback herring 
Striped bass 
Spottail shiner 

5 
15 
9 
1 

134 
6 
6 

288 

2 
16 
6 
3 

358 
26 
10 

569 
26 
68 1 
2073 
5307 
104 
63 

633 

2302 
16 

2289 
5097 

24759 
370 
55 

19 
12 
32 
3 

835 
46 
5 

135 

126 
7 

162 
58 

3049 
275 

8 

Conventional Screens 
11 0 
5 3 
15 0 
0 0 

133 11 
38 8 
5 1 

212 116 
Dual Flow Screens 
61 22 
10 10 
43 6 
6 0 

352 56 
266 92 
11 11 

0 
5 
0 
0 
7 
14 
5 

275 

1 
3 
6 
0 
34 
47 
20 

1 
2 
0 
0 
4 
9 
3 

152 

4 
4 
3 
0 

44 
72 
21 

0 
3 
7 
0 
5 
15 
9 

182 

2 
13 
4 
0 
27 
100 
53 

0 
0 
0 
0 
1 
0 
0 
6 

0 
0 
0 
0 
0 
0 
6 

1 
5 
1 
0 
2 
73 
66 

652 

12 
16 
7 
0 
17 

928 
376 

White perch 503 682 155 296 20 1 ~- - 496 418 562 36 2376 
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Table 7. -Data from 1994 impingement mortality studies at Roseton (dual-flow screens) (data from NAI 1995). 

Species Number Survival Ratea 
Oh 2.5 hr 8ht- 24 hr 48 hr 96 hr 

American shad 575 0.689 0.252 0.123 0.080 0.07 1 0.068 
Alewife 1839 0.662 0.229 0.151 0.096 0.073 0.060 
Bay anchovy 1093 0.282 0.169 0.1 10 0.032 0.014 0.004 
Blueback herring 8973 0.753 0.335 0.204 0.1 10 0,090 0.071 
Striped bass 899 0.889 0.740 0.578 0.494 0.405 0.345 
Spottail shiner 33 1 0.958 0.93 1 0.91 5 0.897 0.873 0.83 1 
White perch 899 0.950 0.909 0.828 0.727 0.648 0.583 
a Presented as survival rather than mortality to be consistent with the original source. 
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Table 8. -Impingement survival at Bowline Point Generating Station (data from EA1 
1982a). 

Species 
Stage Ohr 96hr 
Life Number Survival Rate 
- 

Atlantic tomcod YOY 
adu 

Alewife YOY 
YOY 

Bay anchovy all 

Blueback herring yoy 
YOY 

River herring YOY 
Yrl 
adu 
YOY 

Striped bass 

White perch adu 
adu 
adu 
YOY 
YOY 
YOY 
Yrl 
Yrl 

63 0.86 
114 

33 
32 

62 

158 
244 

219 
63 
65 

296 

208 
843 
648 

499 
36 
47 

2764 
27 1 
23 8 
3 196 
747 

0.97 

0.73 
0.72 

0.64 

0.71 
0.77 

0.75 
0.94 
0.89 
0.75 

0.99 
0.91 
0.91 

0.89 
0.92 
0.94 
0.97 
0.93 
0.9 1 
0.89 
0.93 
0.92 

0.59 
0.88 

0.03 
0.09 

0.05 

0.00 
0.1 1 

0.02 
0.02 
0.01 
0.1 1 

0.54 
0.25 
0.42 

0.33 
0.5 
0.68 
0.54 
0.63 
0.72 
0.3 1 
0.5 1 
0.53 Yrl 2003 

a adu = adult, yoy = young-of-the-year, yrl = yearling. 

26 



Table 9.-Impingement mortality studies at Danskammer Point Generating Station (EA1 
1982b) 

Species Life Season Number Mortality Rate 
S ~ g e ,  O h r  96hr 

American shad YOY fall 34 0.265 1.000 

Atlantic tomcod 

Alewife 

Blueback herring 

Spottail shiner 

White perch 

YOY 

YOY 

fall 39 
winter 3 0 1 

fall 

fall 

223 

240 

winter 54 

0.077 0.270 
0.123 0.301 

0.300 0.991 

0.338 0.992 

0.130 0.600 

spring 122 0.123 0.623 
fall 965 0.094 0.520 

winter 53 0.094 0.755 
spring 1067 0.030 0.452 

yrl fall 192 0.047 0.323 
yoy = young of the year, yrl = yearling and older. a 
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Table 10. -Estimated values of the time-response curve shaping parameter 
impingement mortality studies at Roseton Generating Station. 

for 

Study (Year and Screen) 

Conventional Dual Flow Dual Flow 
Species 1990 1994 

Alewife 0.94964 0.98872 0.98253 
American shad 0.99284 0.98863 0.992 12 
Atlantic tomcod 0.92823 0.80194 NA 
Bay anchovy 1 .ooooo 0.99945 0.95757 
Blueback herring 0.99606 0.99449 0.97805 
River herring 0.99397 0.994 16 0.97879 
Spottail shiner 0.75378 0.444 1 3 0.71 71 5 
Striped bass 0.92730 0.92498 0.9028 3 
White perch 0.8 1343 0.66000 0.79359 
NA Not available. 
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Table 1 1 .-R-squared value for fit of impingement mortality predicted by the model 
compared to estimated mortality rates at each observed time t. 

Study (Year and Screen) 

Conventional Dual Flow Dual Flow 
Species 1990 1994 

Alewife -1.20 0.97 0.67 
American shad 0.69 0.86 0.9 1 
Atlantic tomcod 0.89 0.82 NA 
Bay anchovy NC 0.22 0.98 
Blueback herring 0.92 0.92 0.95 
River herring 0.93 0.93 0.93 
Spottail shiner 0.80 0.93 0.65 
Striped bass 0.88 0.89 0.93 

NA Not available 
White perch 0.99 0.99 1 .oo 
NC Could not be calculated due to a zero sum of squares. 

f 
i 
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Table 1 2.-Estimated and predicted impingement mortality rates for Bowline Point 
Generating Station. 

Species Life Stagea MO M8 M96 
YOY 0.27492 0.70322 0.94046 Alewife 

Atlantic tomcod adu 0.03000 0.08030 0.12000 

YOY 0.14000 0.29089 0.4 1000 

all 0.36000 0.95000 0.95 000 Bay anchovy 

Blueback herring YOY 0.25358 0.90499 0.93323 

River herring adu 0.1 1000 0.93527 0.99000 
YOY 0.25000 0.88609 0.92827 
Yrl 0.06000 0.92279 0.98000 

Striped bass YOY 0.01000 0.26003 0.46000 
Yrl 0.09000 0.4 1567 0.67612 

White perch adu 0.1041 1 0.27680 . 0.63122 
YOY 0.03767 0.1693 1 0.43946 
yrl 0.09487 0.25734 0.59076 

a adu = adult, yoy = young-of-the-year, yrl = yearling. 
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Table 13. -Estimated and predicted impingement mortality rates for Danskammer Point 
Power Plant. 

Species Life Stagea Season MO M8 M96 
Alewife YOY fall 0.300 0.74468 0.991 

American shad YOY fall 0.265 0.94635 1 .ooo 
Atlantic tomcod YOY fall 0.077 0.18486 0.270 

Yrl winter 0.123 0.22247 0.301 

Blueback herring YOY fall 0.338 0.96482 0.992 

0.600 Spottail shiner Yrl winter 0.130 0.25674 

White perch YOY fall 0.094 0.23357 0.520 
YOY spring 0.123 0.2868 1 0.623 
Yrl fall 0.047 0.13743 0.323 
Yrl spring 0.030 0.16826 0.452 
Yrl winter 0.094 0.3 1056 0.755 

a yoy = young-of-the-year, yrl = yearling and older. 
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Table 14.-Estirnated and predicted impingement mortality rates for Roseton Power 
Plant. 

Species MO M8 M96 
Alewife 0.84975 0.971 68 0.991 13 

American shad 0.86268 0.98010 0.98966 

Atlantic tomcod 0.3703 1 0.63312 0.88789 

Bay anchovy 0.962 12 0.98625 0.99950 

Blueback herring 0.77137 0.970 15 0.99081 

River herring 0.7802 1 0.97075 0.99094 

Spottail shiner 0.3 1846 0.37584 0.49706 

Striped bass 0.28946 0.56500 0.72458 

White perch 0.22349 0.35967 0.6633 1 
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Table 15. -Alewife cumulative CIMR estimates by year class and plant. 

Plant 1985 1986 1987 1988 1989 
Bowline Point 0.000 0.000 0.000 0.000 0.000 
Danskammer 0.012 0.015 0.011 0.008 0.009 
Indian Point 0.002 0.002 0.001 0.001 0.001 
Lovett 0.000 0.000 0.000 0.000 0.000 
Roseton 0.002 0.002 0.002 0.002 0.002 
Rivenvide 0.016 0.020 0.015 0.011 0.010 

Table 16. -American shad CIMR estimates by year class and plant. 

Plant 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Bowline Point 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Danskammer 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Indian Point 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Lovett 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Roseton 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Riverwide 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 

Table 17.-Atlantic tomcod cumulative CIMR estimates by year class and plant. 

Plant 1986 1987 1988 1989 1990 1991 1992 1993 1994 
Bowline Point 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 
Danskammer 0.001 0.001 0.000 0.000 0.001 0.001 0.001 0.000 0.004 
Indian Point 0.008 0.030 0.005 0.003 0.004 0.002 0.002 0.002 0.002 
Lovett 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Roseton 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 
Rivenvide 0.010 0.031 0.006 0.004 0.005 0.006 0.003 0.003 0.005 

mote: 0.000 indicates that CIMR .c 0.00051 
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Table 18. -Bay anchovy cumulative CIMR estimates by year class and plant. 

Plant 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
Bowline Point 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Danskarmner 0.000 0.000 0.000 0.000 0-000 0.000 0.000 0.000 0.000 0.000 0.000 
IndianPoint 0.002 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Lovett 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Roseton 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 
Riverwide 0.002 0.004 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 

Table 19. -Blueback herring cumulative CIMR estimates by year class and plant. 

Plant 1985 1986 1987 1988 1989 
Bowline Point 0.000 0.000 0.000 0.000 0.000 
Danskarmner 0.001 0.002 0.001 0.001 0.001 
Indian Point 0.003 0.004 0.002 0.001 0.001 
Lovett 0.000 0.000 0.000 0.000 0.000 
Roseton 0.000 0.001 0.000 0.000 0.000 
Riverwide 0.005 0.007 0.004 0.002 0.002 

Table 20. -Spottail shiner cumulative CIMR estimates by yearclass and plant. 

Plant 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
Bowline Point 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Danskammer 0.004 0.001 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.001 
IndianPoint 0.002 0.001 0.007 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
Lovett 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Roseton 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 
Riverwide 0.007 0.002 0.009 0.003 0.001 0.001 0.001 0.001 0.001 0.001 0.002 

mote: 0.000 indicates that CIMR 0.00051 
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i" Table 2 I. -Striped bass cumulative CIMR estimates by year class and plant. 

Plant 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 
Bowline Point 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Danskammer 0.001 0.002 0.002 0.001 0.001 0.001 0.003 0.001 0.001 0.001 0.001 
Indian Point 0.008 0.003 0.005 0.005 0.000 0.000 0.001 0.000 0.000 0.000 0.000 
Lovett 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Roseton 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Riverwide 0.010 0.005 0.007 0.007 0.001 0.001 0.005 0.002 0.002 0.001 0.002 

Table 22. -White perch cumulative CIMR estimates by year class and plant. 

Plant 1985 1986 1987 1988 1989 1990 
Bowline Point 0.001 0.000 0.000 0.000 0.000 0.000 
Danskatnrner 0.003 0.003 0.003 0.003 0.004 0.004 
Indian Point 0.026 0.032 0.012 0.01 1 0.014 0.007 
Lovett 0.000 0.000 0.000 0.000 0.000 0.000 
Roseton 0.001 0.001 0.001 0.001 0.001 0.002 
Riverwide 0.031 0.037 0.017 0.016 0.020 0.013 

[Note: 0.000 indicates that CIMR < 0.00051 
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Table 23. -Alewife CIMR estimates by calendar year and life stage. 

Year YOY Age1 Age2 Age3 Age4 Age5 Age6 Age7 
1985 0.001 NA NA NA NA NA NA NA 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 

0.000 
0.001 
0.00 1 
0.000 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.003 
0.009 
0.005 
0.001 
0.002 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
0.004 
0.002 
0.002 
0.002 
0.002 
NA 
NA 
NA 
NA 
NA 

NA 
NA 

0.002 
0.002 
0.002 
0.002 
0.002 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

0.002 
0.002 
0.002 
0.002 
0.00 1 
NAA 
NA 
NA 

NA 
NA 
NA 
NA 

0.002 
0.002 
0.002 
0.00 1 
0.00 1 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

0.002 
0.002 
0.001 
0.001 
0.001 
NA 

NA = Not applicable 

Table 24. -American shad CIMR estimates by calendar year and life stage. 

Year YOY Age1 Age2 Age3 Age4 
1985 0.001 NA NA NA NA 
1986 0.000 0.000 NA NA NA 
1987 0.000 0.000 0.000 NA NA 
1988 0.000 0.000 0.000 0.000 NA 
1989 0.000 0.000 0.000 0.000 0.000 
1990 0.000 0.000 0.000 0.000 0.000 
1991 0.001 0.000 0.000 0.000 0.000 
1992 0.000 0.000 0.000 0.000 0.000 
1993 0.000 0.000 0.000 0.000 0.000 
1994 NA 0.000 0.000 0.000 0.000 
1995 NA NA 0.000 0.000 0.000 
1996 NA NA NA 0.000 0.000 
1997 NA NA NA NA 0.000 

NA 
NA 
NA 
NA 
NA 
NA 

0.002 
0.001 
0.001 
0.001 
0.002 

NA = Not applicable 

wote: 0.000 indicates that CIMR .e 0.00051 
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Table 25. -Atlantic tomcod CIMR estimates by calendar year and life stage. 

Year YOY Age1 Age2 Age3 
1986 0.003 NA NA NA 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

0.026 
0.001 
0.001 
0.003 
0.005 
0.001 
0.001 
0.001 
NA 
NA 
NA 

0.003 
0.001 
0.002 
0.002 
0.001 
0.001 
0.001 
0.001 
0.000 
NA 
NA 

NA 
0.003 
0.001 
0.003 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
NA 

NA 
NA 

0.00 1 
0.003 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.014 

NA = Not applicable 

Table 26. -Bay anchovy CIMR estimates by calendar year and life stage. 

Year YOY Age1 Age2 
1985 0.000 NA NA 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
NA 
NA 

0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
NA 

NA 
0.00 1 
0.004 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

NA = Not applicable 

mote: 0.000 indicates that CIMR 0.00051 

37 



Table 27. -Blueback herring CIMR estimates by calendar year and life stage. 

Year YOY Age1 Age2 Age3 Age4 Age5 Age6 Age7 
1985 0.000 NA NA NA NA NA NA NA 
1986 0.000 0.001 NA NA NA NA NA NA 
1987 0.000 0.004 0.001 NA NA NA NA NA 
1988 0.000 0.001 0.001 0.001 NA NA NA NA 
1989 0.000 0.000 0.001 0.001 0.001 NA NA NA 
1990 NA 0.000 0.001 0.001 0.001 0.001 NA NA 
1991 NA NA 0.000 0.000 0.000 0.000 0.000 NA 
1992 NA NA NA 0.000 0.000 0.000 0.000 0.000 
1993 NA NA NA NA 0.000 0.000 0.000 0.000 
1994 NA NA NA NA NA 0.000 0.000 0.000 
1995 NA NA NA NA NA NA 0.000 0.000 
1996 NA NA NA NA NA NA NA 0.000 

NA = Not applicable 

Table 28. -Spottail shiner CIMR estimates by calendar year and life stage. 

Year 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

YOY 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
NA 
NA 

Age 1 Age2 
NA NA 

0.001 NA 
0.001 0.007 
0.000 0.001 
0.000 0.009 
0.000 0.002 
0.000 0.001 
0.000 0.001 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.001 0.000 
NA 0.000 

NA = Not applicable 

vote: 0.000 indicates that CIMR < 0.00051 
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Table 29. -Striped bass CIMR estimates by calendar year and life stage. 

Year YOY Age1 Age2 Age3 
1984 0.000 NA NA NA 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 

0.000 
0.000 
0.001 
0.000 
0.000 
0.000 
0.001 
0.000 
0.000 
0.000 
NA 
NA 

0.007 
0.001 
0.004 
0.005 
0.001 
0.000 
0.004 
0.00 1 
0.001 
0.001 
0.002 
NA 

NA 
0.00 1 
0.001 
0.002 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

NA 
NA 

0.001 
0.002 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

1997 NA NA NA 0.000 

NA = Not applicable 

Table 30. -White perch CIMR estimates by calendar year and life stage. 

Year YOY Age1 Age2 Age3 Age4 Age5 Age6 Age7 
1985 0.009 NA NA NA NA NA NA NA 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 

0.01 1 
0.002 
0.004 
0.006 
0.003 
NA 
NA 
NA 
NA 
NA 
NA 

0.015 
0.021 
0.01 1 
0.007 
0.009 
0.016 
NA 
NA 
NA 
NA 
NA 

NA 
0.002 
0.001 
0.00 1 
0.001 
0.000 
0.001 
NA 
NA 
NA 
NA 

NA 
NA 

0.001 
0.001 
0.001 
0.000 
0.001 
0.001 
NA 
NA 
NA 

NA NA 
NA NA 
NA NA 

0.001 NA 
0.001 0.001 
0.000 0.000 
0.001 0.001 
0.001 0.001 
0.001 0.001 
NA 0.001 
NA NA 

NA 
NA 
NA 
NA 
NA 

0.000 
0.001 
0.001 
0.001 
0.001 
0.002 

NA 
NA 
NA 
NA 
NA 
NA 

0.001 
0.001 
0.001 
0.001 
0.002 

1997 NA NA NA NA NA NA NA 0.000 

NA = Not applicable 

mote: 0.000 indicates that CIMR 0.0005] 
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Figure 1. 

Mortality Rates Used in Estimates of Juvenile Striped Bass Abundance 
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Figure 2. -Typical time-response curve for impingement mortality studies showing 
initial (Mo), 8-hr (Mg), and 96-hr (M96) mortality rates. 
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Figure 3. -Time response curve of impingement mortality studies after adjusting for 
initial (Mo) and 96-hr (M96) mortality rates. 

42 



Appendix VI-2-C 

Mark-Recapture Methods 



10/08/%J DRAFT 

Abundance and Survival Estimates for 
Hudson River Striped Bass 

Introduction 

Starting in 1984, striped bass in the Hudson River have been captured, tagged, 
and released alive. Recaptures of these striped bass have been used to estimate 
abundance at age 1 + and age 2+ and survival from age 1 + to age 2+ and from age 2+ to 
age 3+. This report describes how these estimates were calculated. 

Abundance Estimators 

Age Designation 

A convention in fisheries biology is to regard January 1 as the date on which the 
age designation changes annually, Le., the date on which a fish becomes a year older. 
The striped bass used to estimate abundance (and survival) in the Hudson River typically 
were tagged andor recaptured between the fall season of one year and the spring season 
of the next year, i.e., spanning the January 1 date. To avoid having fish of the same 
cohort designated as two different ages depending on whether they were caught before or 
after January 1, an alternative convention was used. The alternative convention 
designates the annual age change at the time of spawning. Additionally, to indicate that 
the estimates of abundance (and survival) of Hudson River striped bass are for fish that 
have survived beyond the annual age change, a "+" was added after the age. 

i 

Basis and Time Frame 

Mark-recapture abundance estimators for both age- 1 + and age-2+ striped bass are 
based on the Petersen method (Ricker 1975, Coastal 1992). Two years of marking and 
recapture results are required for measures of abundance of both age- 1+ and age-2+ 
striped bass. To accommodate the two-year time fiame, the following convention is 
used. The year for which abundance estimates of age-2+ fish apply is denoted as year 
y+l. Year y+l is the second of the two years. Abundance estimates are made for age-l+ 
striped bass in the previous year. That year is the first of the two years and is denoted as 
year y. The following development of the estimators begins with age- 1 + fish (in year y )  
and proceeds to age-2+ fish (in yearytl). 

Age I +  

The Petersen method is used to estimate the abundance of fish based on their 
recapture rate after being marked and released. The abundance of age- 1 + striped bass is 
estimated as 

1 



where 
the abundance estimate for age-l+ striped bass in yeary; 

the estimate of the number of age-2+ striped bass that were 
collected in yeary f 1 (This is an estimated quantity because scales 
&om a subsample of fish in each length category were aged and the 
age frequency distribution for each length category coupled with 
the length frequency distribution for the whole sample were used to 
estimate the number of age-2+ fish in the whole sample); 
the number of age-l+ striped bass that were tagged and released in 
the previous year, y; and 
the number of striped bass tagged in year y at age 1 + that were 
recaptured at age 2+ in year y + 1. 

Data on number of striped bass tagged (My), number recaptured 
(Ry+l), and total number collected (e,,+, ) were from the Utilities' in- 
river sampling program (see following section on Data). 

This estimate is a measure of absolute abundance if the survival rate of tagged 
fish (or the retention rate of tags in fish) and the survival rate of untagged fish from the 
time of tagging to the time of recapture is the same. Where survival of tagged fish (or 
tags themselves) is different &om survival of untagged fish, equation (1) produces a 
biased estimate of the number of age-l+ striped bass in year y. 

Assumptions to be satisfied with the Petersen method (Seber 1982, White et al. 
1982, reviewed in Martin Marietta 1986) are that 

1. 

2. 

3. 

4. 

5 .  

6.  

mortality rates of tagged and untagged fish are equal, 

tags are not lost during the experiment, 

marking does not affect the vulnerability of fish to capture, 

all recaptures are recognized and reported, 

the ratio of taggd to untagged fish within the area sampled equals the ratio for the 
population as a whole, and 

all fish are of Hudson River origin. 

2 
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Age 2+ 

i 

The abundance of age-2+ striped bass is estimated fiom the abundance estimate of 
A 

age- 1 + striped bass ( NI,  ) adjusted for survival of tagged fish from age 1 + to age 2+ as 
follows: 

where 

A = the abundance estimate for age-2+ striped bass in yeary + 1 and 
q . t ,  

3, 
= the estimated fiaction of tagged striped bass that survive between 

tagging in year y when fish are age 1 + and the beginning of the 
sampling season when the fish are age 2+; this survival term can be 
partitioned into the survival of the fish s,, and the survival 

(retention) of legible tags on the fish iTY to the time of recapture, 

In addition to the requirements for the age 1+ abundance estimates, the age 2+ 
estimator requires an unbiased estimate of survival for tagged fish ( iy ). 

Survival 

The survival estimator is "Model H2" (Robson and Youngs 1971, Brownie et al. 
1985), one of a series of such estimators. It is a variation developed for bird banding in 
the case where reporting rate by hunters near the banding sites is different than the 
reporting rate of hunters farther away. For example, reporting rates of nearby hunters 
might be increased by solicitation of returns or be decreased where hunters recognize and 
avoid bands. This situation is somewhat similar to Hudson River mark-recapture 
programs in which fish are more likely to be recaptured soon after being released than 
they are in subsequent years when they have mixed more thoroughly with the population 
at large. In the context of the striped bass program, survival is the survival of tags from 
the time of tagging to the time of recapture, and it includes survival of the tagged fish, tag 
retention, and tag legibility. All data on tag returns used here are fiom the Hudson River 
Foundation's Tag Return Program and represent tag returns from fishers. Year-specific 
rates of tag retention were not estimated fiom the in-river sampling program because the 
number of recaptures was too small to produce reliable estimates. 

The survival rate fi.om age 1+ (yearling) to age 2+ is given by 
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where 

S,! = 
i =  

k =  
I =  

- 
Qie - 

the survival rate of yearlings from age 1+ to age 2+; 
1, ..., k -  2 if1 = kand 
1, ..., k -  1 i f I>k;  
the number of years in which tagged striped bass were released; 
the number of years in whch recaptures were recorded; 
I 2 k, which is sometimes written as I = k + s where s = the number of years 
in which recaptures were recorded but no fish were tagged; 
the number of age-l+ striped bass tagged in year i; 
the number of age 2+ and older striped bass tagged in year i +l; 
the number of tags recovered in year i from the age-l+ striped bass 
released in year i @e., yearlings recaptured in same year as they were 
tagged) ; 
the number of tags recovered in all years from the age-l+ striped bass 
released in year i ; 
the number of tags recovered in all years from the age-l+ striped bass 
released in year i +l;  
the number of tags recovered in all years from age 2+ and older striped 
bass released in year i + l ;  
the number of tags recovered in year i +1 fkom age 2+ and older striped 
bass released in year i +l(i.e., adults recaptured in same year as they were 

the total number of tag recoveries fkom striped bass tagged in year i +1 
that were age 2+ and older in year i + 1 ; 
the total number of tag recoveries from striped bass tagged in year i +1 
that were age 1+ in year i+ l ;  and 
the total number of tags recovered in year i+l from age 2+ and older 

tagged) ; 

striped bass (= R.,i+i + Q.,i+i - Qi+lj+i). 

The notation describing the estimator is fkom Brownie et al. (1983, and some symbols 
differ from those used for striped bass abundance estimators. The variance of survival is 
estimated from the following formula: 
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i 

The quantity 3;:+, + Ui+, - Q+,. (sometimes referred to as Ai+!) in equations (3) and (4) is 
the total number of recoveries in year i+l and later of fish that were age 2+ or older with 
tags before year z+l (whether tagged as yearlings or older). These equations may be 
better understood in the context of a symbolic representation of the mark-recapture data 
used for the estimates (Table 1). 

Model €32 allows for the following conditions: 

1. annual survival, harvest and reporting rates are year-specific, 

2. the annual survival and harvest rates are age-dependent only for the first year after 
tagging, and, 

3. in any year, the reporting rate for newly released fish is different from that of the 
reporting rate for fish from previous releases. 

Because this estimator is appropriate for such general conditions (including year-specific 
reporting rates, and different reporting rates for fish caught in the year of release and fish 
caught in subsequent years) tag return data from anglers can be used to estimate survival 
rates. Using tag returns from anglers (e.g., rather than recaptures from limited fisheries- 
independent sampling) provides a means for characterizing survival rates for the 
population over its entire geographic range. 

Data 

In-River Sampling Program (Tagging and Recapturing) 

Ovewiew-Striped bass stock assessment reports (e.g., NAI 1988) provide yearly 
descriptions of the in-river sampling program, and a typical overview is provided here. 
The 1984 striped bass program was conducted in spring. Subsequent programs starting 
with the 1985-1 986 program were conducted in winter (NAI 1986). Winter sampling 
with trawls was perfonned in the Battery and Upper Harbor regions of the lower Hudson 
River, typically fkom November through April. The months with cold water temperatures 
were selected to reduce handling stress, which tends to be higher at elevated water 
temperatures. Sampling locations were not chosen with randomization but were selected 
to maximize the catch per unit effort based on previous study results. PrOGedures for 
handling striped bass and inserting tags were designed to minimize handling stress. 

From the winter 1984 program through the 1987-1988 program, striped bass not 
previously tagged, in good condition, and of length greater than 200 mmTL were tagged 
with internal anchor tags before release (NAI 1986,1987, and 1988). Starting with the 
1988-1989 program, the length criterion was reduced to 150 mmTL (NAI 1990). A scale 
sample was taken for subsequent age determination. All scales were not analyzed to 
determine fish age. A stratified sampling was applied to determine age and mean length 
at age. About 16% of scales &om striped bass captured were analyzed. Therefore, the 
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number of age-2+ striped bass that were tagged in any year was an estimated rather than a 
known quantity. Striped bass were classified as age 1+ if the total length was between 
170 mm and 250 mm. 

All captured striped bass were examined for external tags and tagging scars. Tag 
numbers appear on the external streamer of anchor tags and were recorded. In the 1987- 
1988 program, for example, a total of 143 striped bass were recovered that had tags or tag 
scars (NAI 1988, Table 4-25). Of these, 129 or 90% had legible tags. Some of the tag 
scars may be due to fishers removing the tags before returning fish to the water. In that 
case, the data (for the purpose of estimating survival) are not lost. Also, tag abrasion 
increases with time, and although striped bass may retain the tags for years, the period 
used between mark and recapture for abundance estimates is only about 1 year. 
Therefore, some of the illegible tags may not be those needed to estimate abundance. 

Extent of Sampling.-In 1984 sampling was confined to the Hudson River and 
included the area from the lower Tappan Zee (Rtver Mile 24, km 38) to north of 
Poughkeepsie (River Mile 76, km 122) (Table 2). Exploratory sampling of the East 
River, Harlem River, and Lower New York Harbor in the 1985-1986 Program indicated 
that CPUEs were much lower there than in the Battery and Upper New York Harbor 
Regions (NAI 1986). Starting with the 1986-1987 program, sampling was confined to 
the Battery Region where the CPUE was the highest in order to maximize striped bass 
catches (Table 2). The period of sampling changed from spring sampling in 1984 to 
winter sampling thereafter. Dates have varied somewhat but were standardized to the 
first week in November to mid-April starting with the 1992- 1993 sampling Program 
(Table 2). 

CoZZection Gear.-Early studies compared the characteristics of various fishing 
gear with respect to marking and recapturing striped bass in the Hudson River. As a 
result, fishing gear changed during the early program years but quickly became 
standardized (Table 3). Attributes initially investigated included initial mortality of 
captured fish, efficiency (size selectivity), and reliability and productiveness (number of 
fish that could be caught per day). The 1984 program demonstrated that an average 
initial mortality rate of less than 18% could be achieved with the Scottish seines and 12- 
m trawl when water temperatures ranged from 8 to 16 "C and that striped bass could be 
tagged without significantly increasing 24-hr mortality (NAI 1987). 

The 1985-1986 program found that although the mean catch per unit effort of the 
12-m trawl was higher than the 9-m trawl, the mean catch per day of the two gear were 
almost identical because the 9-m trawl could be deployed more often (NAI 1987). 
Sampling with these trawls in the lower Hudson, Harlem, and East Rivers in the winter 
and spring of 1985-1986 had also indicated that the greatest catch of striped bass 
occurred in the Battery and Upper Harbor regions between mid-December and mid-April 
(NAI 1987). These findings provided the basis for focusing the subsequent sampling 
effort to the area and time when the striped bass population was most concentrated. 
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The 1985-1986 program also identified the relative size-selectivity of the fishing 
gear (NAI 1987). The 12-m trawl was most efficient for striped bass in the age-l+ 
through age-3+ size range. The Scottish seine, which was fished in the Tappan Zee and 
Croton-Haverstraw regions in April and May, was most efficient for striped bass of sizes 
that would be older than age 3+. The 9-m trawl was the most efficient at capturing striped 
bass in the age-0+ to age-l+ size range. Starting with the 1988-1989 program, only the 
9-m trawl was used (Table 3). 

lirgs.-Tag types used since the beginning of the program are summarized in 
Table 4. The changes in tag type were adopted to improve tag legibility and to reduce tag 
loss and tagging mortality. In the 1984 program, fish were double tagged with both Floy 
FD-688 Anchor Tags and Floy Internal Anchor-External Streamer Tags. Double tagging 
allowed estimates to be made of the rate of tag loss for each type of tag relative to the 
other, and only the latter tags were used in the 1985-1986 program. In 1987 a modified 
Floy Internal Anchor-External Streamer Tag was introduced that had a clear vinyl tube 
protecting the external streamer (NAI 1988). Unfortunately, the tubing was not 
watertight, and algal and bacterial growth between the tube and the legend rendered most 
of the external streamer legends unreadable (NAI 1991). Information on the streamer was 
reproduced on the anchor, so that if the external streamer was lost or the if the number on 
the streamer had become illegible, the tag number could still be recovered by sacrificing 
the fish. 

In the 1987- 1988 mark-recapture program, Hallprint Internal Anchor-External 
i Streamer Tags (with exposed streamers) were used in addition to the Floy internal anchor 

and modified internal anchor tags (NAI 1988). The Hallprint tags have the advantage of 
having the tag number on the anchor, so that the tag number can still be recovered by 
sacrificing the fish. These tags also have the advantage that the legend is sealed between 
layers of polyethylene, and so these tags showed no abrasion or loss of information due to 
abrasion. An exposed section of monofilament, however, cut the fish's ventral body wall 
and caused some tags to be shed (NAI 1991). A modified Hallprint Internal Anchor- 
External Streamer Tag with a covered streamer was introduced in 1988 (NAI 1990), and 
this change almost eliminated tag loss due to shedding (NAI 1991). The modified 
Hallprint Internal Anchor-External Streamer Tag became the standard tag and has been 
used by the program since 1998. 

Hudson River Foundation Tag Return Program 

In addition to recaptures fiom the in-river sampling program, data on tag retums 
from commercial and recreational fishers were available and were used for estimating 
s d v a l  rates. Each tag contained a written offer for a monetary reward ($5.00 to 
$10.00) to the individual returning the tag, and the address of The Hudson River 
Foundation, where the tags were to be sent (Waldman 1989). As an additional incentive 
to anglers to return tags, each returned tag was entered into a drawing with prizes of up to 
$1000.00 to the anglers who returned the winning tags. The Hudson River Foundation 
maintained a publicity campaign to create angler awareness, and developed a database of 
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tag returns from anglers. The database contains records of tag returns from the beginning 
of the Hudson River striped bass tagging program in 1984. 

Numbers Marked and R e ~ a ~ ~ ~ e d  

Mark-recapture data fkom the in-river sampling program were availabIe to 
estimate abundances of the 1984 through 1994 year classes of Hudson River striped bass 
(Table 5). Between 2,373 and 15,250 age-l+ striped bass were marked annually. 
Between 1,484 and 11,865 age-2+ striped bass were captured annually, and between 4 
and 158 of these @er year) had been tagged the previous year as age-l+ fish. Of 75,136 
fish were tagged at age 1+, 435 were recaptured at age 2+ among a total of 43,795 age-2+ 
fish recaptured regardless of age at tagging. For estimating survival rates, the mark- 
recapture data from the utilities' sampling program were combined with the data from 
The Hudson River Foundation tag return program. These data are displayed in the 
manner of Table 1 for the estimation of survival rates (Table 6). The Hudson River 
Foundation data contained tag returns &om 12,619 striped bass tagged at age 1+ through 
age 4+ &om 1984 through 1998. 

Results 

Estimates of survival rates of Hudson River striped bass calculated using equation 
(3) and data on Table 6 were used in equation (2) to estimate age 2+ abundance (Table 7). 
The time between tagging of fish as yearlings (age I+) and their subsequent recapture as 
age 2+ varies by a few days between year classes due to differences in the starting date of 
sampling. Rates were standardized to one year (365 days) to compare survival estimates 
between year classes (Table 7). The standardized rates varied with year class and age. 
The standardized survival rate fiom age 1+ to age 2+ ranges &om 0.201 to 0.510 (Table 
7) and has a mean value of 0.360. Age 2+ to age 3+ survival is higher and has a mean 
value of 0.61 8 and a range of 0.474 to 0.890. Abundance estimates (Table 8) were 
calculated fiom data in Tables 5 and 7. 

Discussion 

The validity of the estimates of abundance depends on the extent to which 
assumptions that underlie the estimators are satisfied. In this section, each of the key 
assumptions is addressed. 

Equal Mortaliiy Rates for Tagged and Untagged Fish 

Results from field and experimental studies of tagging mortality indicate that 
tagging and handling induced mortality has been small, and that the mortality rates of 
tagged and untagged fish are indistin~ishable. 
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Dunning et al. (1987) found no statistically significant differences in 24-hour 
mortality between striped bass tagged with anchor tags, tagged with internal anchors tags, 
double tagged, and not tagged, These conclusions were based on a 1984 study of 736 
striped bass captured by an otter trawl, a Jackson 280 modified box trawl, and a Kosalt 
360 plaice seine between April 12 and June 2. Twenty-four-hour mortality was 
determined for a random subsample of 247 striped bass that were held in cages suspended 
in the Hudson River at a salinity of less than 1 %o. Although no effects of tagging on 
mortality were noted, mortality was positively related to temperature between 8 and 16.5 
"C. 

After 1984, the Utilities' mark-recapture programs were conducted in the lower 
part of the Hudson River estuary in winter when mortality rates should be minimal due to 
high salinity and low temperature. Also, in the mark-recapture programs after 1984, 
trawl catches were transferred to a partially-submerged holding tank to lessen handling 
and tagging stress of captured striped bass. Use of the holding tank decreased the 
immediate mortality of striped bass to below 1.2% (Dunning et al. 1989) and eliminated 
the relationship of mortality and temperature found in the original tagging mortality study 
(Dunning et ai. 1987) 

Dunning et al. (1 987) also reported no significant difference in 180-day mortality 
between tagged and untagged fish held in pools. In this study, striped bass were held 
after tagging for 180 days in pools containing either fiesh water (at 18 "C) or salt water 
(28 - 39 %O at 9 to 25OC). Fish were randomly assigned to 5 tagging treatments: tagged 
with an anchor tag, tagged with an internal anchor, tagged with both, tagged with a dart 
tag, or not tagged (control). Initial (24-hr) mortality in the holding pools was less than 
2% for all tagged and untagged striped bass. Due to a protozoan infection, none of the 
striped bass held in fkeshwater pools survived beyond 28 days. At the end of the study 
(1 80 days), mortality rates ranged fkom 73% for controls to 80% for fish with both 
internal anchors and fish with both internal anchors and anchor tags. 

Tags Not Lost During the Experiment 

Results from field and experimental studies of tag loss indicate that some tags are 
lost between the time of tagging and the time of recapture, one year later. 

Rates of tag retention were evaluated during the tagging mortality experiments 
described above. "he 24-hr tag retention rate (based on 247 striped bass) was 100% 
(Dunning et al. 1987). For striped bass held in pools for 180 days, the retention rates for 
internal anchor tags was 98.1% (Dunning et ai. 1987). No internal anchor tags were lost 
after day 18 of the experiment. 

In the 1984 mark-recapture p r o w ,  striped bass were double-tagged with anchor 
tags and internal anchor tags. The retention rate of each tag relative to the other 
(Dunning et al. 1987) were calculated as the numbers of fish captured with each type of 
tag divided by the total number of recaptured fish with either tag attached. Within the 
1984-1985 mark-recapture program, the relative retention rates were 98.0% for internal 
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anchor tags and 42.0% for anchor tags. For fish tagged in the 1984 program and 
recaptured in the 1985-1986 program, the relative retention rate was 92% for internal 
anchor tags and 8% for anchor tags (Waldman et al. 1991). Those data are unusual in 
that one striped bass was recovered that had an anchor tag but no internal anchor tag. 

In addition to tag retention, tags must be legible for use in abundance estimates. 
Loss of legibility is a second form of tag loss that needs to be considered. Estimates of 
“tag survival” based on legibility were computed as the ratio of the number of tags with 
legible data divided by the total number of tags recovered. Estimates of this type of tag 
survival were computed for each year of recaptures (Table 9). These are minimum 
estimates of annual tag survival because some of the fish could have been tagged more 
that one year prior to recapture. Estimates of tag survival (based on tag legibility) ranged 
from 72% for recaptures reported between 1991 and 1993 to 100% for recaptures 
reported between 1995 and 1997. 

Estimates of age 2+ abundance are not biased by tagging mortality and tag loss 
(see Attachment 1); however, tag loss may produce overestimates of age I+ abundance 
(see Attachment 2). The age-2+ abundance estimator is not affected by tag loss because 
it explicitly includes an empirical estimate of year-specific survival of tags, including tag 
retention and legibility. The age-l+ estimates would be biased high by a factor equal to 
the reciprocal of the combined (Le., tag loss and legibility) survival rate for tags. Based 
on the estimated tag survival rates discussed above (92% to 98% for tag loss for internal 
anchor tags and 72% to 100% for legibility), age-l+ abundance may be overestimated by 
2% to 51%. 

Equal Catchability for Tagged and Untagged Fish 

Concem over this assumption may arise when recapture is done using gear such 
as gill nets in which tags can become entangled. Because recaptures are p d o m e d  with 
trawls, catchability of tagged striped bass would not be affected by entanglement or like 
processes. Concem over this assumption also may arise when fish of several ages are 
marked and fish of those ages have different patterns of movement and behavior that 
affect the probability of recapture. Because recaptures of only age-2+ striped bass are 
used in the population estimates, effects on catchability due to differential behavior are 
likely to be minimal. 

All Recaptures Reported 

Field, laboratory, and quality control procedures were directed toward assuring 
that field crews recognized and reported recaptured striped bass. These protocols 
included reporting illegible tags, use of labeled internal anchor tags, and examination by 
crews for tagging scars. 
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i 

Ratio of Tagged to Untagged Fish ~ ~ h i n  the Area Sampled Equal to the Ratio for the 
Population as a N?tole 

Some degree of mixing of marked and unmarked fish occurs naturally between 
tagging at age 1+ and recapture at age 2+. This extended period between tagging and 
recapture was selected with the intention of allowing for thorough mixing of marked fish 
into the population. Use of recapture information after a year of mixing of marked and 
unmarked fish reduces the chance of bias in the population estimates. 

All Striped Bass Collected are of Hudson River Origin 

Stock discrimination studies and mark-recapture studies conducted in the Hudson 
River estuary and the New York Bight support the conclusion that most age-l+ and age- 
2+ striped bass in the Lower Hudson River during the winter are of Hudson River origin. 

Berggren and Lieberman (1978) suggested that striped bass overwintering in the 
Hudson River were primarily of Hudson River origin. This conclusion was based on a 
discriminant analysis of morphological characters to determine the relative contribution 
of Hudson River striped bass to the Atlantic coast population. Earlier, investigators in the 
1950s suggested that striped bass from the Chesapeake might overwinter in the Hudson 
River (Vladykov and Wallace 1952, Raney 1952). Subsequent tagging studies (McLaren 
et al. 1981, Boreman and Lewis 1987) did not support that conclusion. Van Winkle et al. 
(1 988) suggested that few age-2+ or age-3+ striped bass move from the Hudson River 
estuary, based on the low number of recaptures of age-2+ and age-3+ male, and age-2+ 
through age-5+ female, striped bass in ocean waters. 

More recently, Waldman et al. (1990) suggested that age 1+ and age 2+ in the 
lower Hudson River in winter are of Hudson River origin, and that the population is 
relatively closed. This conclusion was based on an examination of distribution patterns 
of recaptured Hudson River striped bass fiom the utilities 1984- 1987 mark-recapture 
studies and additional infomation compiled by the Hudson River Foundation. The 
majority of recaptured striped bass were found within a 50-Icm radius of the river mouth. 
Also, smaller striped bass tended to be recaptured closer to the river than larger striped 
bass. 
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=<Qi*+Ui-, --aJ-, ; i = 2  ,..., k 

.Ui-i - €'.,i-, ; i =  k + 1, ..., 1 if 1 > k. 

Table I .- Symbolic representation of the data for a tagging study in which yearling and nonharvestable 
adult fish are tagged and released each year (after Brownie et al. 1985, Table 4.1). In this example table 
k = 3 , I  = 5, and s = 1 - k = 2. 

Year Number Year of Recovery 
Row Tagged Tagged 

1 2 3 4 1 = 5  Totals 

Fish tagged as nonharvestable adults 

R. 3 R. J R. 5 = T5 Column Totals R. I R. 2 

Fish tagged as yearlings 

Column Totals Q. I Q. 2 Q. 3 Q- 4 Q- 5 = u5 
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Table 2.-Extent of sampling for mark-recapture studies on the Hudson River from 1984 through 1997. 

Date Number of Region 
Program Start End Tows P,W, TZ,CH HR,ER, BT,UH 

CW, PK LH 
1984 Apr. 9 Jun 7 339 X X 

1985- 1986 Nov 11 May 18 1,472 X X X 
1986-1987 Dec 21 May 9 1,064 X 
1987-1988 Nov 9 Apr 22 1,192 X 
1988-1989 Oct. 15 Apr 15 1,151 X 
1989-1990 Oct 31 Apr 15 89 1 X 
1 990- 199 1 Nov 12 Apr 20 97 1 X 
199 1- 1992 Nov 4 May 7 1,169 X 
1992-1993 Nov 6 Apr 16 818 X 
1 993- 1994 Nov 1 Apr 20 794 X 
1994- 1 995 Nov 2 Apr 14 819 X 
1995- 1996 Nov 6 Apr 15 806 X 
1 996- 1997 Nov 4 Apr 13 954 X 

UH = Upper Harbor, Hudson River Miles -6-0 (krn -9-0); 
BT = Battery, Hudson River Miles 0- 1 1 (km 0- 18); 
TZ = Tappan Zee, Hudson River Miles 24-33 (km 38-53); 
CH = Croton-Haverstraw, Hudson River Miles 34-38 (km 54-61); 
IP = Indian Pomt, Hudson River Miles 39-46 (km 62-74); 
CW = Cornwall, Hudson River Miles 56-61 (km 90-98); 
PK = Poughkeepsie, Hudson River Miles 62-76 (lan 99-122); 
ER =Eastaver; 
LH = Lower New York Harbor; and 
HR = Harlem River. 
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Table 3.-Pr1mary fishing gear for the Hudson River striped bass adult stock assessment. 

Gear Type 
12-m 12-m 12-m 9-m 9-m 
Trawl Trawl Trawl Trawl Trawl 

Program Scottish Without With2.5- With Without With 2.5- Ref. 
Year Seine CodEnd cmCod 9-mCod CodEnd cmCod 

1984 X X NAI 99 
1985-1986 X X X NAI 86 
1986- 1987 X X X X NAI 87 
1987- 1988 X X NAI 88 

NAI 90 1988-1989 X 
1989- 1990 X LMS 99a 
1990- 199 1 X NAI 91 

X LMS 99a 
1992- 1993 X LMS 99a 

X LMS 99a 
X LMS 99a 1 994- 1995 

1995-1996 X LMS 99b 
1996- 1997 X LMS 99c 
1997- 1998 X NAI 99 

Liner EndLiner End Liner EndLiner 

199 1- 1992 

1993- 1994 
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Table 4.-Tag type and number of striped bass tagged and released for the Hudson River Striped bass adult 
stock assessment. 

Tag Type 
Program Number Internal Modified 

Year Tagged 

2,2 15 
2,360 

819* 
659* 

Internal Anchor Internal Internal Small 
Anchor WlTube Anchor Anchor Dart 

Anchor (Floy) (Floy) (HaIl) (Hall) (Hall) 
1984 737 737* 737 
1985-1986 18,448 18,448 
1986- 1987 9,437 7,258 
1987-1988 12,433 1,598 8,475 
1988-1989 24,393 7,927 16,466 
1989- 1990 24,362 24,362 
1990-1991 22,406 22,406 
1991-1992 24,307 24,307 
1992-1993 21,746 2 1,746 
1993-1994 18,310 18,310 
1994- 1995 6,838 6,838 
1995-1996 11,015 11,015 

13,011 1996-1997 13,011 
1997- 1998 14,986 14,986 
Totals 222,465 737 28,041 4.575 16,402 173,447 1,478 

Data from NAI ( 1999, Hudson River Striped Bass Stock Assessment Program November 1997 - April 
1998, Appendix Table D-6) 
* Not included in row total because f sh  were double-tagged. 
Hall = Hallprint 
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Table 5.-Mark-recapture data used to estimate abundance of Hudson River striped bass 
using equations (1) and (5). 

Marked and Marked at Age 1 Estimated" Total 
Year Class Released at Age 1 and Recaptured at Number of Age 2 

(My) Age 2 @,+I) Captured ( ey+l 1 
1984 4,248 29 5,606 
1985 2,373 21 3,025 
1986 3,605 19 1,484 
1987 15,250 47 4,118 
1988 1 5,024 158 1 1,865 

1990 10,164 56 4,504 
1991 9,565 53 5,633 
1992 7,371 13 1,571 
1993 2,411 4 1,652 
1994 5,125 17 3,781 
1995 4,261 35 7,026 

1989 7,332 35 4,337 

" Estimated from length frequency of catch and age-length keys. 

i 

19 



8/19/99 DRAFT 

Table 6.- Mark-recapture data arranged to estimate survival rates as in Table 1 with k = 13,1= 14, and s = 1 - k = 
1. 

Winter Number Winter of Recovery t i 
Marked i Marked 84-8s 8586 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94 94-95 95-96 96-97 9738 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Marked as Age 2+ to Age 4+ (R,.,trt) 

(i) (N) 
84 I 543 0 0 8 4 0 2 1 0 0 0 0 0 

85-86 2 13912 485 311 163 88 63 48 34 28 14 2 6 
86-87 3 6989 270 136 IO1 47 24 28 19 7 4 3 
87-88 4 8799 232 247 122 74 42 24 18 16 9 
88-89 5 7471 302 210 130 70 55 29 25 13 
89-90 6 7262 307 195 121 57 31 23 24 
90-91 7 14723 520 305 155 88 41 29 
91-92 8 12342 426 294 137 57 50 
92-93 9 11034 398 213 82 60 
93-94 10 9777 368 104 63 

I28 67 94-95 1 1  4270 
95-96 12 5218 164 
96-97 13 8486 

84 
85-86 
86-87 

' 87-88 
88-89 
89-90 
90-9 1 
91-92 
92-93 
93-94 
94-95 
95-96 
96-97 

(0 (MI) 
1 0 0  
2 4248 
3 2373 
4 3605 
5 15250 
6 15024 
7 7332 
8 10164 
9 9565 
10 7371 
11  2411 
12 5125 
13 4261 

0 
91 

0 
44 
55 

Marked as Yearling (Age I+) (a) 
0 
25 
31 
67 

0 0 0 0 0 0 0 
1 3 4 3 1 1 1  8 
8 6 3 1 1 19 4 

72 41 18 18 6 8 3 
237 257 153 107 64 42 29 

243 237 123 65 49 25 
147 104 55 40 9 

158 166 70 20 
169 116 38 

164 59 
32 

0 
4 
1 
7 
13 
1 1  
28 
33 
46 
36 
37 
94 
216 

0 
0 
0 
1 
2 
2 
3 
3 
4 
7 
4 
10 
32 

0 
0 
1 
3 
33 
27 
7 
29 
29 
22 
20 
77 

0 
0 
0 
1 
21 
1 1  
6 
5 
15 
9 
5 
51 
70 

0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
10 
19 

Subtotals 

TI Wp. 14- 
&+Q& TI+U& i R* 1 Q Q.1 

Winter 
Marked 
84-85 1 15 0 0 0 15 0 0 15 
85-86 
86-87 
87-88 
88-89 
89-90 
90-9 1 
91 -92 
92-93 
93-94 
94-95 
95-96 
96-97 

2 
3 
4 
5 
6 
7 
8 
9 
IO 
1 1  
12 
13 

1246 
640 
792 
849 
77 1 
1,169 
1 ,Ooo 
803 
578 
236 
268 
248 

485 
589 
535 
738 
75 1 
992 
1,026 
1,030 
905 
482 
488 
526 

191 
I29 
238 
944 
78 1 
368 
448 
367 
254 
57 
138 
89 

91 
99 
I23 
339 
553 
564 
519 
532 
493 
217 
248 
194 

1261 
1,416 
1,619 
1,933 
1,966 
2,384 
2392 
2,169 
1,717 
1,048 
834 
594 

191 
229 
368 
1,189 
1,63 1 
1,446 
1,330 
1,178 
900 
464 
385 
226 

485 
633 
591 
840 
1,061 
1,409 
1,387 
1,393 
1234 
667 
659 
650 

1261 
1,516 
1,749 
2,178 
2,s 16 
3,462 
3574 
2,980 
2,363 
1,455 
1,081 
73 1 

Note on use of table: The 1990 year class, for example, was tagged at age 1+ in the winter program of 
1991-1992, so that i = 8 and i + 1 = 9 in this table and equations (3) and (4). 
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Table 7.- Survival rate estimates (with standard error) for Hudson River striped bass 
used in equation (5) and annualized values for comparisons among year classes. 

Age 2 to Age 3 Age 1 to Age 2 
Year Survival Rate Annualized a Survivai Rate Annualized a 

Survival Rate Survival Rate Class 
1984 0.260 (0.030) 0.293 (0.030) 0.519 (0.036) 0.476 (0.037) 
1985 0.306 (0.038) 0.262 (0.037) 0.516 (0.032) 0.509 (0.032) 

1986 0.385 (0.034) 0.377 (0.034) 0.722 (0.046) 0.721 (0.046) 

1987 0.457 (0.028) 0.456 (0.028) 0.886 (0.054) 0.890 (0.053) 

1988 0.497 (0.030) 0.510 (0.029) 0.546 (0.032) 0.538 (0.032) 

1989 0.374 (0.030) 0.364 (0.030) 0.686 (0.046) 0.686 (0.046) 

1990 0.421 (0.033) 0.420 (0.033) 0.876 (0.076) 0.876 (0.076) 

1991 0.494 (0.050) 0.494 (0.050) 0.469 (0.056) 0.474 (0.056) 

1992 0.267 (0.038) 0.272 (0.038) 0.492 (0.070) 0.491 (0.070) 

1993 0.202 (0.045) 0.201 (0.045) 0.520 (0.126) 0.520 (0.126) 

1994 0.3 1 1 (0.080) 0.310 (0.080) NA NA NA NA 

( st-, ) 

a One year, February to February. 
NA = Not available. 
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Table 8.--Estimates of abundance of age-l+ and age-2+ Hudson River striped bass based 
on mark-recapture data. Values are in thousands. 

Age 1+ Abundance Age 2+ Abundance 
Year Class 

Estimate Std. Error Estimate Std. Error 

1984 82 1 152 213 46 

1985 342 74 1 04 26 

1986 282 64 108 26 

1987 1,336 194 611 96 

1988 1,128 89 560 55 

1989 908 153 339 63 

1990 817 109 344 53 

1991 1,017 139 502 85 

1992 89 1 246 23 8 74 

1993 996 497 20 1 110 

1994 1,140 276 354 125 

1995a 855 144 NA NA 

a = Preliminary estirnate that has not undergone QC examination. 
NA = Not available 
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Table 9.-Tag condition for Hudson River striped bass tagged and released in a program prior to capture. 

Total Reference 

Tag No. Percent of Tags 
Tag No. Tag No. Partly or Suspected Tag Wound Recovered With 

Useable Data 
Legible Legible Missing: Tag and Only Anchor From Previous 

Programs 

1985 - 1986 0 0 0 0 2 2 NAI 86 0% 
1986 - 1987 96 17 io 4 0 127 NAI 87 Insuff. Data 
1987 - 1988 118 11 5 9 0 143 NAI 88 Insuff. Data 
1988 - 1989 47 6 0 4 2 59 NAI 92 55/59 = 93% 

72/78 = 92% I989 - 1990 69 3 0 6 0 78 
1990 - 1991 228 2 1 72 9 312 NAI 92 24013 12 = 77% 
1991 - 1992 117 1 2 47 10 177 NAI 94 128/177 = 72% 
1992 - 1993 147 1 0 64 15 227 NAI 95a 1631227 = 72% 

147/178 = 83% NAI 95b 1993 - 1994 129 0 0 31 18 178 
1994 - 1995 29 0 1 0 0 30 LMS 99a 29/30 97% 

616 = 100% 1995 - 1996 5 1 0 0 0 6 LMS 99b 
1996 - 1997 37 0 0 0 0 37 LMS 99c 37/37 = 100% 

Program Year Completely Abraded But Completely 

Present Anchor Not Legible Missing 

1984 

NAI 92 

1997 - 1998 72 0 0 25 8 105 NAI 99 80/105 = 76% 
Totals 1,094 42 19 262 64 1481 

Balding indicates tag conditions that yield useable data and that are counted in the last column. 
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Attachment 
Relative and Absolute Estimators of Abundance 

Age l+ 

The Petersen estimator for age 1+ striped bass (ignoring subscripts) is 

fil=-, M - C  
R 

where 
$1 = the estimated abundance of age I +  fish, 
A4 = the number of fish marked and released, 
C = the number of fish collected, and 
R = the number of tagged fish that are recaptured. 

If mortality occurs between tagging and recapture and the survival rates of tagged and 
untagged fish are equal, the expected values of R and C are 

E ( R ) = M - S . q  and 
E(C) =: NI - S * 4 ,  

where 

NI 
S = the survival rate, and 
q 

= the actual abundance of age 1+ fish at the time of tagging, 

= the proportion of the total population NI that is captured. 

Substituting the expected values (A-2) into quation (A-1) gives 

(A-3) 

which shows that the approximate expected value o f k  is the absolute abundance N l  (see 
Seber 1982 for a discussion of the accuracy of this approximation) 

Because the number of racaptured fish depends on the ability to recognize tags, 
the survival rate of tagged fish depends on both the survival rate of the fish and the rate at 
which the fish retain the tags. In studies such as the present one, where the period 
between tagging and recapture can be long (about a year in this study), fish may loose 
tags, and the rate at which the fish retain tags can become important. In practice, the 
survival rate S of recaptured fish in E(R) has two components: 

s=s/;.s,, 
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where 
i 

I , 

SF = the survival rate of the fish and 
ST = the survival (retention and legibility) rate of the tags on the fish. 

The survival rate of tags on the fish does not, however, affect the total survival rate for 
term C, the number of fish captured, and so for E(C), 

With these considerations and equations (A-3) through (A-5), 

(A-5) 

From equation (A-6), fil estimates absolute abundance only when the retention rate of 
tags is 100%. At other retention rates, fil is an upwardly biased estimate that can be 
used to measure relative abundance if one assumes that the tag survival rate is constant 
among years. 

Age 2+ 

The abundance estimator for age 2+ fish, f i 2 ,  is 

fi2 = i 9 I .  j , (A-7) 

where 

3 = the estimated survival rate of tagged fish. 

Here the survival estimate is based on recaptures of fish that have been at large for about 
a year or more, and it includes both survival of the fish and survival of tags on the fish. 
With this information, equation (A-6), and the assumption that E($) = S F S T ,  equation 
(A-7) becomes 

and the approximate expected value of $2 is the abundance of fish at age 2+ (i.e., 
N2= NI.SF). 
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ESTIMATED TOTAL NUMBER OF FISH WINGED 



Alewife Roseton Estimated number lmpingsd : 
Youngof-Year 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Jan 0 0 0 0 0 0 0 0 0 0 0 d 
Feb 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 0. 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 

A P ~  

Jun 0 0 0 0 0 0 0 0 0 7 4835 0 
May 

Jul 2722 426 2699 81 5 2023 1164 1467 942 198 1838 11953 254 

A w  
S W  
Oct 3362 169 1005 494 72 281 1680 586 233 115 920 
Nov 253 321 218 278 263 640 72 74 0 1290 166 134 
Dec 0 15 0 0 0 32 0 0 0 0 0 0 

Yearling 
1981 1982 1983 1984 1985 1 Q86 1 Q87 1988 1989 1990 1 Q91 1992 

Jan 0 0 0 8 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 11 0 0 0 0 0 0 0 
Mar 19 0 0 0 0 0 0 0 0 0 0 0 
A P ~  0 0 8 30 0 0 0 0 0 0 0 0 
May 0 15 8 490 0 0 87 0 0 0 27 20 
Jun 0 0 0 9 6 0 9 26 19 0 65 107 
Jul 45 7 68 39 974 24 33 26 8 9 40 12 
Aug 225 97 167 55 16 16 131 258 36 4 140 52 
SeP 69 66 31 11 19 46 68 10 53 12 38 46 
Oct 0 18 11 24 0 37 20 0 0 0 20 5 
Nov 0 0 0 11 0 62 4 0 0 0 0 8 
Dec 0 0 0 0 0 0 0 0 0 0 0 0 

Adults 
1981 1982 1983 1984 1985 IS86 1987 1988 I989 1990 1991 1992 

Jan 0 0 0 0 0 0 0 0 0 0 0 0 

Mar 0 0 4 0 0 0 0 0 8 16 0 17 

May 34 8 86 0 15 17 33 8 16 7 47 72 

16228 582 4861 794 1175 426 4307 2924 105 2837 5317 4183 
4884 548 887 97 407 61 905 241 188 562 1609 3199 

1272 

Feb 0 0 0 0 6 0 0 0 0 0 0 0 

APr 0 10 8 0 16 0 31 0 30 8 0 45 

Jun 0 0 10 8 9 0 17 24 18 14 16 0 
Jui 0 0 0 0 21 14 6 9 0 0 25 0 
Aua 50 5 24 0 13 8 60 20 0 8 70 i o  
Oct 0 8 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 
Dec 0 0 0 0 0 0 0 0 0 0 0 0 

SeP 23 14 6 0 19 0 21 0 0 0 32 18 



Roseton Estimated number impinged : Alewife 
Youngsf-Year 

1993 1994 199s 1996 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 33 0 

1015 19205 9787 0 
lo49 5259 2385 532 
1431 794 8 82 
2701 2401 294 116 
332 853 144 255 

4 7 0 302 

Yeartlng 
1993 1994 1996 1996 

0 0 12 0 
0 0 0 75 1 
0 35 27 15 
0 9 0 0 
0 0 59 0 
9 14 4 1 

51 0 1385 0 
17 42 445 47 
97 0 8 1 
29 0 8 1 
0 0 0 0 
0 0 0 40 

Adults 
1993 1994 1996 1996 

0 0 0 0 
0 0 0 0 
0 0 0 35 
0 0 15 8 
0 15 7 6 
9 22 0 4 
0 0 31 0 
0 0 12 2 
0 0 0 0 
0 11 0 0 
0 0 0 6 



,,-. . --", , ,  
. ." , .  

Estimated number impinged : American shad Roseton 
young sf-Year 

1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 1991 1992 
3an 0 0 0 0 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 
A Pr 0 0 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 6 5 0 5 0 0 10245 0 
Jul 4127 604 1425 0 535 1612 252 1452 41 1 2652 4850 304 
Awl 8089 1171 2230 257 582 1248 877 1308 100 622 853 2612 
SeP 2752 253 283 72 285 38 469 155 688 300 782 1167 
Oct 2673 176 1159 1418 77 903 748 812 1119 226 256 401 
Nov 235 429 52 384 231 189 46 0 41 1019 91 61 
Dec 0 7 0 0 8 0 0 0 0 0 0 0 

Yearling 
I981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

Jan 0 0 0 0 0 0 0 0 0 0 0 0' 
Feb 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 7 0 0 
Jul 0 0 0 0 183 5 0 0 0 0 8 0 
Aua 0 0 13 0 0 0 11 0 0 0 8 33 
SeP 0 4 21 0 0 0 0 0 7 0 0 0 
Oct 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 
Dec 0 0 0 0 0 0 0 0 0 0 0 0 

Adults 
1981 1982 1983 1984 1985 1986 1987 1988 1989 I990 I991 1992 

Jan 0 0 0 0 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 4 0 0 0 0 0 0 0 0 0 Mar 
Apr 0 0 4 0 0 0 0 0 0 0 0 0 
May 0 0 13 0 6 0 0 8 8 0 0 0 

0 0 0 0 0 0 0 8 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 

Awl 0 0 5 0 11 8 0 0 0 0 14 11 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 

Jun 
Jul 

SeP 23 0 0 0 3 0 0 0 0 0 0 8 
Oct 
Nov 
Dec 



Estimated number impinged : American shad 
Y oung-of-Year 

Roseton 

1993 1994 1995 1996 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 210 16 0 

5833 6344 10 
669 929 1 50 
1 00 15 15 
257 62 35 
219 74 39 

0 7 0 0 

Yearling 
1993 1994 I995 1996 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 109 4 0 

0 0 0 
0 7 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 0 

Adults 
1993 1994 1996 1996 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 
0 7 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 0 



Estimated number impinged : Atlantic tomcod Roseton 
Youngsf-Year 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 
Jan 0 0 0 0 8 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 
Apr 0 0 0 0 0 0 0 0 0 0 0 0 

50 32 73 63 46 8 971 38 24 45 24 42 
Jun 32 135 23 976 180 9 1859 106 116 53 390 0 
May 

Jul 112 25 71 137 418 19 194 46 15 17 7038 8 
851 75 307 I034 683 0 528 9 57 23 7235 75 

90 
Aug 
SeP 344 77 63 108 430 0 71 0 113 6 38 
Oct 20 235 36 54 0 0 0 15 6 7 0 16 
Nov 253 106 0 30 0 17 7 8 45 48 0 0 
Dec 3709 19 41 16 8 221 20 64 248 8 0 35 

Yearling 
1981 1982 1983 1984 1986 1986 1987 1988 1989 I990 1991 1992 

Jan 0 1064 167 8 172 132 243 170 55 358- 
Feb 0 51 42 36 88 22 0 0 0 119 7 0 
Mar 0 18 32 0 36 0 0 7 0 62 0 0 
APr 0 22 7 0 8 0 0 I 8 0 0 0 
M8Y 0 0 0 37 0 0 0 0 0 0 0 0 
Jun 0 0 0 98 0 0 0 0 0 15 0 0 
Jul 0 0 0 0 0 0 8 8 0 17 0 0 
Aug 0 0 0 0 53 0 0 0 0 0 0 0 
SeP 0 19 6 0 113 0 10 0 0 0 0 0 
Oct 0 0 3 0 0 0 0 0 0 0 0 0 
Nov 18 0 0 0 0 7 0 0 16 0 0 0 
Dee 204 0 6 0 0 4 4 0 8 0 0 0 

Adults 
1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 1991 1992 

Jan 0 19 I 101 47 0 11 0 0 8 7 0 
Feb 0 0 0 0 9 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 
Apt 0 0 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 0 0 0 
Jul 0 0 0 0 0 0 0 0 0 0 0 0 
AwJ 0 0 0 0 0 0 0 0 0 0 0 0 
SeP 0 0 0 0 0 0 0 0 0 0 0 0 
Oct 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 
Dec 0 0 0 0 0 0 0 0 0 0 0 0 



Estimated number Impinged : Atlantic tomcod 
Youngsf-Year 

Roseton 

1 993 1994 199s 1 996 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 115 179 0 

20 63 400 11 
55 15 1003 0 

564 0 22 25 
183 0 0 22 

0 8 0 0 
0 0 0 6 

79 0 0 300 

Yearling 
1993 1994 1995 1996 

156 164 6 8 
7 7 0 4 
0 11 0 0 
0 0 0 0 
0 0 22 0 
0 0 6 0 
0 0 19 0 

65 0 0 0 
24 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 4 

Adults 
1993 1994 1995 1996 

0 16 0 0 
0 7 0 0 
0 5 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 



Bay anchovy Roseton Estimated number impinged : 
Youngsf-Year 

1986 1986 1987 1988 1989 1990 I991 $992 

0 
0 
0 

1981 1982 1983 1984 
0 0 0 0 0 0 0 0 0 0 0 0 Jan 

0 0 0 0 0 0 0 0 0 Feb 
0 0 0 0 0 0 0 0 0 0 Mar 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 

Apr 

0 0 0 0 0 0 0 0 0 0 7 May 
Jun 0 
Jul 0 0 0 0 0 0 0 0 0 0 4687 0 

1445 58 562 8 200 16 434 260 17 7001 142973 199 
3889 1180 3176 255 566 183 666 519 264 61604 132537 7943 AUS 

OCt 172 1007 2712 1128 86 24 73 261 7 62 6707 581 14 16660 
SeP 

Nov 0 40 77 34 0 0 0 0 0 0 8 0 
Dec 0 0 0 0 0 0 0 0 0 0 0 7 

0 0 

0 0 
0 

Yearling 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 I991 1992 

Jan 0 0 0 0 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 0 0 
May 8 8 10 8 0 0 0 0 0 0 7 20 
Jun 8 0 18 26 2561 29 0 0 0 15 29 79 
Jul 4495 539 9579 4664 671 7 2151 784 297 0 76 23557 113 
Aug 19505 41024 39433 22648 7049 3020 13133 2038 0 481 0 36614 12265 
SeP 4141 2369 6157 690 1920 648 755 285 159 1158 45164 7734 
Oct 57 694 1444 1093 17 30 39 690 0 8 2396 708 
Nov 0 45 20 23 8 0 0 0 0 0 7 0 
Dec 0 0 0 0 0 0 0 0 0 0 7 0 

Adults 
1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 1991 1992 

Jan 0 0 0 0 0 0 0 0 0 0 0 0- 
Feb 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 0 0 0 
Jul 0 0 0 0 0 0 0 0 0 0 0 0 
AUQ 36 0 0 0 0 0 0 0 0 0 0 0 
SeP 0 0 0 0 0 0 0 0 0 0 0 0 
Oct 0 0 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 
Dec 0 0 0 0 0 0 0 0 0 0 0 0 



Estimated number impinged : Bay anchovy Roseton 
Youngsf-Year 

1993 1994 199s 1996 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 21 7 734 . 

634 2023 25417. 
2636 4820 50 . 
1249 272 21 543 0 

0 60 0 0 
0 0 0 0 

Yearling 
1993 1994 199s 1996 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

1644 0 3688 . 
4632 0 4575 . 
2247 0 61 . 

19 0 10077 0 
0 0 0 0 
0 0 - 0  0 

Adults 
1993 1994 1995 1996 

0 8 0 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 
0 0 
0. 
0. 
0. 
0 0 
0 0 



Estimated number impinged : Biueback herring Roseton 
Young-of-Year 

1981 1982 1983 1984 1985 1988 1987 1988 1989 1990 I991 1992 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 0 91 10 569 
Jul 1517 346 2254 22 628 179 488 285 0 4616 14487 3661 
AUQ 21337 2188 201 1 257 2455 891 5543 1835 92 1351 9 6089 25991 
SeP 35334 4808 2068 33 945 327 39529 1487 4503 23677 9408 32666 
Oct 60255 7981 32702 298 6434 6523 89639 43170 15321 15831 17053 18385 
Nov 7115 7936 3697 83 7973 1532 2586 4838 2512 16646 11989 474 
Dec 19 90 54 39 8 0 0 0 0 8 88 0 

Yearling 
1981 1982 1983 1984 1985 1986 I987 1988 1989 1990 1991 1992 

Jan 0 0 0 8 0 0 0 0 0 0 0 0- 
Feb 0 0 0 0 0 0 0 0 7 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 17 0 
APr 0 0 0 0 8 0 0 46 53 0 84 20 
May 0 15 126 45 0 39 159 54 119 0 624 255 
Jun 16 0 53 0 0 0 19 92 16 7 531 130 
Jul 22 0 0 8 0 55 0 106 0 8 3821 11 
Aua 50 25 11 27 13 11 154 291 0 23 70 0 
SeP 92 126 6 8 53 0 163 46 29 35 81 0 
Oct 0 8 72 3 0 21 0 0 0 16 41 0 
Nov 0 9 0 0 0 0 0 0 0 0 13 0 
Dec 0 0 0 0 0 0 0 0 0 0 0 0 

Adults 
I981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

Jan 0 0 0 8 0 0 0 0 0 0 0 0' 

Mar 
Apt 0 0 4 0 0 0 0 0 0 8 0 15 
May 50 22 I 82 0 16 8 171 23 40 27 109 56 

Jul 

Feb 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 

Jun 32 93 260 0 72 78 139 164 223 269 126 447 
67 0 0 8 34 43 30 0 0 16 288 0 

AUQ 50 20 27 0 32 0 128 20 8 11 324 0 
SeP 0 14 13 0 69 0 8 21 0 22 62 0 

0 15 14 0 0 0 0 52 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 7 0 0 0 0 0 0 0 0 0 0 

Oct 
Nov 
Dec 



Biueback herring Roseton 
Youngsf-Year 

Estimated number Impinged : 

1993 1 e94 1995 1996 
0 0 0 0 
0 
0 
0 
0 
0 

98 
339 

4671 
7981 
488 

0 
0 
0 
0 
0 

15817 
6558 

16525 
8543 
680 

0 
0 
0 
0 
0 

9978 
7216 

67 
14627 
1709 

0 
0 
0 
0 
0 
0 

451 1 
23 

121 
374 

8 15 0 0 

Yearilng 
1993 1994 1995 1996 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 15 0 
0 8 153 0 

13 0 11 1 
0 0 698 0 

44 0 66 0 
228 0 0 0 
30 0 52 0 
0 0 0 0 
0 0 0 0 

Adults 
1993 1994 1995 1996 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 7 33 

115 30 17 52 
11 0 0 0 
7 0 99 54 

21 0 7 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 



Estimated number impinged : Striped bass Roseton 
Youngsf-Year 

1981 1982 1983 1985 1986 1987 1988 1989 1990 1991 1992 1993 
Jan 0 0 0 0 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 2705 0 0 
Jul 781 12 162 78 45 69 94 38 21 16 13293 325 530 
Aug 1452 77 796 16 38 628 956 35 1202 11412 1741 1150 
SeP 482 58 101 16 8 475 169 175 90 3036 814 2530 
Oct 122 42 554 12 30 31 9 1289 120 258 475 83 350 
Nov 831 27 90 0 38 262 74 64 293 413 33 377 
Dec 352 11 397 23 54 212 377 39 62 523 97 1000 

Yearling 
1981 1982 1983 1986 1986 1987 1988 1989 1990 1991 1992 1993 

Jan 484 47 0 9 17 0 109 93 0 11 119 8 
Feb 539 7 13 196 0 0 22 14 7 0 16 0 
Mar 19 0 13 31 0 8 13 163 0 17 7 0 
APr 18 17 31 8 0 0 46 61 0 16 50 0 
May 17 8 0 4 0 36 8 8 0 16 91 0 
Jun 16 0 0 0 5 0 0 0 16 373 53 0 

Aug 25 0 8 8 0 6 17 4 8 204 31 0 
SeP 23 0 0 22 0 0 0 0 0 97 7 0 

0 3 7 0 0 0 67 0 0 50 10 0 
18 0 0 0 24 0 0 0 0 8 0 0 
0 0 0 0 0 0 0 86 0 0 0 0 

Juf 0 0 0 4 0 0 23 8 0 49 1 66 282 

Oct 
Nov 
Dee 

Older 
1981 1982 1983 1985 1986 1987 1988 1989 1990 1991 1992 1993 

Jan 0 0 0 0 0 0 0 0 0 0 0 0 
Feb 17 
Mar 0 

0 0 0 0 0 0 0 0 7 0 0 
0 0 0 0 0 0 0 0 0 0 0 

APr 0 8 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 4 0 8 0 4 0 0 

0 0 0 0 0 0 3 0 0 0 0 
15 9 0 0 0 0 0 0 8 6 0 
0 0 0 0 0 0 4 0 0 8 0 
0 0 0 0 0 0 0 0 0 7 0 

0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 3 0 0 8 0 
0 0 0 0 0 70 0 0 0 0 

Jun 0 
Jul 0 
Aug 0 
SeP 0 
Oct 0 0 
Nov 0 0 
Dec 0 0 



Striped bas8 RO8etOn Estimated number lmplnged : 
Y oung-of-Year 

1994 1996 1996 19B7 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
9 473 0 0 

9445 14818 21 2229 
1010 8000 105 6942 
285 90 23 466 
903 597 4 2555 
453 148 136 940 
668 58 5 890 

Yearling 
I994 I996 1996 1997 
54 148 4 0 
0 30 0 5 

15 44 9 0 
0 38 0 0 

23 250 0 3 
5 132 0 22 

539 976 3 171 
12 222 2 34 
0 7 0 0 
0 0 0 0 
0 5 27 0 
0 0 1 0 

Older 
1994 1995 1996 1997 

0 0 12 0 
0 0 0 0 
0 0 5 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 89 0 0 
0 32 1 0 
0 0 0 0 
0 0 0 0 
0 0 21 0 
0 0 1 0 



Estimated number impinged : Spottaii shiner Roseton 
Young-of-Year 

1981 1982 I983 1984 1985 1988 1987 1988 1989 1990 1991 1992 
Jan 0 0 0 0 0 0 0 0 0 0 0 0' 
Feb 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 
Apt 0 0 5 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 0 0 0 
Jul 37 0 44 0 28 10 0 0 0 84 751 30 
Aug 214 9 310 17 21 16 6 34 0 60 453 285 
Sep 288 23 6 6 13 0 18 9 44 62 148 147 
Oct 69 90 82 65 15 31 9 52 535 48 380 116 133 
Nov 1415 134 479 64 666 774 167 224 633 804 166 237 
Dec 344 21 1 425 16 476 427 156 1001 690 853 601 374 

Yearling 
1981 1982 1983 1984 1985 1988 1987 1988 1989 I990 1991 1992 

Feb 3014 378 337 245 31 7 732 210 218 842 364 919 646 
Mar 1381 639 920 717 191 728 31 0 259 1463 2416 2553 689 
APr 1254 2800 231 3 1404 428 154 1647 757 2753 1300 1279 1306 

Jun 0 62 147 38 15 0 139 87 155 22 42 169 
Jul 10 20 27 23 11 21 11 9 8 0 45 25 

SeP 42 120 17 6 3 0 24 12 7 6 0 16 

'-523 622 127 233 17 731 20/ 91 3 1115 1591 2289 481 

May 40 304 345 144 23 0 2901 47 126 24 400 377 

Aug 224 58 64 45 11 0 34 26 8 11 123 101 

Oct 26 14 27 24 0 21 40 0 6 16 0 0 
Nov 579 47 8 38 8 267 39 0 159 141 0 18 
Dec 324 22 58 8 41 270 13 n 7na n 

Adults 

Jan 0 0 0 85 25 110 54 0 203 1265 4 0 
Feb 
Mar 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

0 0 0 7 276 64 120 0 58 133 0 0 
0 0 0 94 77 7 81 0 48 303 0 0 

Apt 0 0 0 196 84 0 89 0 128 159 0 0 
May 0 0 0 28 12 0 484 0 16 15 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 

AUQ 0 0 0 0 0 0 0 0 0 0 0 0 
SeP 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 

Jun 
Jul 

Oct 
Nov 0 
Dec 0 



Estimated number impinged : Spottail shiner Roseton 
Youngof-Year 

1993 1994 1996 1996 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
4 461 783 0 
0 145 427 18 

26 128 15 5 
39 164 116 17 

272 870 982 2332 
961 371 951 676 

Yearling 
1993 1994 1996 1996 

148 31 8 593 550 
693 449 906 877 
795 869 1824 1177 
233 337 540 932 
23 301 501 144 
0 36 71 3 131 

39 18 592 18 
54 0 112 144 
19 0 0 10 
0 23 0 18 

23 44 111 989 
434 49 294 607 

Adults 
1993 1994 1996 1996 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 



White perch Roseton Estimated number Impinged : 
Youngsf-Year 

1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 1991 1992 
Jan 0 0 0 0 0 0 0 0 0 0 0 0' 
Feb 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 

APr 

Jun 0 0 0 0 0 0 0 0 0 0 756 0 
May 

Jul 5600 34 465 72 2007 1431 267 643 15 326 6735 291 
22789 3122 1 1659 5089 8436 4533 14009 21134 1031 980 14225 9547 

SeP 9149 4513 2048 1315 4723 1610 9993 5373 7052 1266 3295 6404 
Aug 

Oct 2471 5269 5589 831 1 603 5363 4556 1 1050 5130 3582 1200 1165 
Nov 301 77 13914 31 34 561 3 2463 1 1243 791 1 2055 12576 14446 1360 1979 
D8C 6046 5269 5490 674 1421 5077 2184 4526 3994 3776 1542 3156 

Yearling 
1981 1982 1983 1984 1985 1966 1987 1988 1989 1990 1991 1992 

Jan 1955 2080 2500 845 40 2440 35 f 566 202 1 4 14 155 176 
Feb 1466 792 361 8 850 528 433 206 656 684 420 104 470 
Mar 1431 201 7 4639 444 1001 62 352 1279 5348 5884 2487 1095 

May 755 2018 1291 3 4400 1472 430 31054 1489 5730 1035 5047 1219 
Jun 65 572 888 692 161 48 91 5 1844 8333 1838 4547 982 
Jul 424 40 285 353 254 179 171 806 130 291 2139 160 
Aug 1152 22 367 442 39 133 337 647 15 94 1360 593 
SeP 252 89 10 6 69 15 299 111 45 30 1124 272 
Oct I 82 112 254 163 0 245 I99 865 28 142 81 9 71 
Nov 5165 296 97 45 0 641 267 171 3057 4582 1228 102 
D8C 260 63 230 16 47 94 73 188 956 1040 1494 453 

APr 8581 2379 46993 4969 1773 358 2366 24847 13848 18472 4817 3943 

Older 
1981 1982 1983 1984 1985 1986 1987 1988 1989 I990 1991 1992 

Jan 447 106 34 109 13 214 52 50 172 629 194 274 
F8b 6978 125 189 216 148 150 175 119 142 287 149 103 
Mar ' 2714 212 746 50 150 187 180 125 593 4029 1378 328 
APr 1534 3040 5229 2741 226 110 2367 962 3677 2334 318 1503 
May 84 174 327 481 70 15 2879 70 231 72 753 983 
Jun 617 344 972 243 100 234 440 188 724 577 385 3296 
Jul 156 62 165 54 157 110 221 71 114 100 1376 25 1 
Awl 1077 130 660 102 177 108 548 392 74 113 1936 87 1 
SeP 413 201 54 14 134 8 239 65 53 63 218 272 
Oct 41 127 62 52 7 64 59 44 6 45 24 91 
Nov 578 126 0 4 0 224 30 0 386 585 0 0 
D8C 74 4 106 0 0 74 17 22 1392 217 58 276 



Roseton White perch Estimated number Impinged : 
Youngsf-Year 

1993 1994 1996 1996 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

203 1247 7089 2 
4356 71 1 9986 46 
391 0 394 342 13 
1887 2485 1950 85 
4119 3374 3721 4353 

1 1523 1895 813 1016 

Yearling 
1993 I994 1995 1996 
249 21 18 64 648 
126 194 175 168 
124 707 266 101 
27 259 41 3 1220 

173 351 3028 789 
31 0 257 2309 288 
125 43 3761 21 
231 8 1333 145 
266 6 0 11 

11 14 21 31 
201 16 766 4558 

10709 122 136 1585 

Older 
1993 1994 I996 1996 

134 166 0 1188 
62 476 55 478 

125 348 53 1211 
6 273 290 454 

251 212 610 343 
151 206 1423 28 
779 99 482 100 

64 68 52 9 
73 16 167 2002 

452 17 15 6 

4622 20 63 91 5 



Estimated number impinged : American shad Indian Point 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Jan 0 0 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 0 
Jul 0 0 0 0 0 0 0 0 0 0 
Aug 83600 1021 7965 50 41 3361 30 1 108 3862 0 
SeP 2318 102 438 143 15 989 952 119 598 0 
Oct 3849 0 137 471 678 2176 1823 197 2639 0 
Nov 4743 0 126 83 1751 1176 50 43 2638 0 
Dec 19 0 4 35 1 06 4 0 4 3 0 

Youngsf-Year 

Yearling 
1981 1982 1983 1984 1985 1986 1987 1988 1989 I990 

Jan 0 4 0 0 27 29 5 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 
Mar 0 4 0 0 4 2 3 0 15 0 
APr 0 0 0 0 5 9 52 8 0 32 
May 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 0 
Jul 0 0 0 0 0 0 0 0 0 0 
Aug 0 0 0 0 0 0 0 0 0 0 
SeP 0 0 0 0 0 0 0 0 0 0 
Oct 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 
Dec 0 0 0 0 0 0 0 0 0 0 

Adults 
1981 1982 1983 1984 1986 1988 1987 1988 1989 1990 

Jan 0 0 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 0 
Jul 0 0 0 0 0 0 0 0 0 0 
Aug 0 0 0 0 0 0 0 0 0 0 
SeP 0 0 0 0 0 0 0 0 0 0 
Oct 0 0 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 
Dec 0 0 0 0 0 0 0 0 0 0 



Alewife Indian Point 
Y oungsf-Year 

Estlmated number implnged : 

1981 1982 1983 1984 IS85 I986 1987 1988 1989 I990 
Jan 0 0 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 9 
Jun 0 799 0 0 0 263 12 0 0 551 
Jul 20061 255 2166 163 212 81 188 27 349 458 
AU@ 2225 89 4373 1116 335 42 272 1 04 558 310 
SeP 404 0 274 401 19 74 696 173 155 45 
Oct 1243 0 113 2289 427 176 828 376 249 182 
Nov 518 0 65 1620 614 154 16 79 126 128 
Dec 20 0 0 547 23 0 0 0 68 0 

Yearling 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

3an 13 0 0 25 127 0 4 8 0 87 
Feb 
Mar 
Apr 
May 
Jun 
Jui 
Aufl 
SeP 
Oct 

16 
0 
7 

165 
320 
266 
88 
0 

10 

0 
0 
0 
0 

67 
9 

35 
7 
0 

0 
0 
0 

40 
332 

2 
0 

11 
0 

28 
0 

14 
450 
247 
1 76 
96 
74 
77 

219 
58 
0 

1 94 
197 

11 
14 
0 

17 

13 
9 

18 
96 

171 
58 
70 

356 
65 

53 
23 
21 
93 
83 
0 

12 
237 
95 

37 
35 
2 

21 1 
223 

19 
95 
73 
36 

0 
0 
0 
0 
0 

25 
46 
37 
7 

24 
0 
0 
0 

21 
16 
74 
16 
23 

Nov 5 0 2 0 5 13 0 0 0 0 
Dec 0 0 0 0 0 0 0 0 8 0 

1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 

Feb 0 0 0 0 21 6 0 3 0 0 
Mar 0 0 0 7 10 118 2 30 5 0 
APr 49 2 0 11 23 210 39 1 0 21 

Jun 443 120 155 235 657 798 238 12 0 208 
Jut 1 84 23 34 175 14 76 371 0 0 28 

S@P 0 0 0 14 10 197 33 0 0 12 
Oct 19 0 0 4 300 18 9 12 0 21 

0 0 5 0 38 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

Adults 

Jan 14 0 0 0 10 0 0 0 0 12 

May 568 159 143 581 2182 60 95 71 0 172 

Aug 18 0 0 77 4 28 68 25 0 6 

Nov 
Dec 



Indian Point Estimated number impinged : 
1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 

Jan 0 0 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 170 0 3 12 
1071 

APr 

Jun 21 2576 41 568 241 54 42395 31 739 19326 440210 7879 100 50816 
May 

Jul 78630 6748 29902 57419 12040 19489 619273 2886 1043 6245 
34439 25365 67835 35571 9636 4288 108393 4376 880 47569 
2187 4986 630 803 187 391 3 1116 387 331 7 276 

Aug 
SeP 
Oct 1940 85 12 31 8 167 2644 643 193 3258 107 
Nov 164 3 16 65 202 163 179 65 283 0 
Dec 2089 0 61 1 231 639 4587 83 216 3802 0 

Atlantic tomcod 
Young-of-Year 

43528 2712 14157 1652 14394 10312 182180 985 7 

Yearling 
1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 

Jan 180 0 0 0 I O h S  402 1305 568 332 735 
Feb 83 0 0 0 846 134 212 151 75 981 
Mar 590 0 1 0 2663 92 169 166 90 28 
APr 66 0 38 0 150 26 21 0 0 11 
May 9 0 0 0 45 0 0 7 0 276 
Jun 331 0 3 0 19 12 144 0 0 1394 
Jul 307 0 0 0 79 131 1112 29 3 468 
A w  17 0 0 0 709 172 21 3 47 69 254 
SQP 0 0 0 0 20 41 336 14 180 39 
Oct 0 0 0 0 11 28 96 20 54 23 
Nov 14 0 0 0 2 3 54 32 363 0 
Dec 45 0 4 0 6 62 33 4 573 0 

Adults 
1981 1982 1983 1984 1986 1988 1987 1988 1989 1990 

Jan 11 1477 5148 188 191 0 25 17 43 11 
Feb 0 304 31 43 31 4 0 4 0 8 
Mar 3 103 129 88 11 0 30 0 0 0 
APr 0 0 34 29 0 0 0 0 0 0 
May 2 110 12 4 9 0 67 0 0 52 
Jun 9 133 0 32 0 0 12 0 0 1241 
Jul 96 108 0 30 0 9 156 0 0 9 
Aug 0 418 0 14 28 0 30 0 0 0 
SeP 0 194 0 45 0 0 12 0 0 0 
Oct 0 0 0 32 0 0 3 0 8 21 
Nov 0 0 0 20 2 0 10 0 8 0 
Dec 4 0 0 157 0 3 0 0 34 0 



Indian Point Bay anchovy Estimated number impinged : 

Jan 0 0 0 0 0 0 0 0 0 0 

Youngsf-Year 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

Feb 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 
Jun 93 0 3 0 0 0 0 0 0 0 
Jul 14 0 613 1265 7 60 75 15 745 0 
AUQ 7277 352 22853 1801 345 41 9 401 294 2793 0 
SeP 1 1746 678 4559 629 234 5929 7268 1351 608 0 
Oct 13281 137 13662 2489 612 7407 8536 7913 946 0 
Nov 81 0 1896 1950 271 1007 0 100 125 0 
Dec 93 0 2 21 46 14 0 0 25 0 

Yearling 
1981 1982 1983 1984 1985 1986 1987 1988 I989 1990 

Jan 11 0 0 0 78 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 
APr 14 0 0 0 4 0 0 0 0 0 
May 913 0 288 0 1207 968 0 0 0 0 
Jun 63468 0 595 0 8589 15927 0 0 0 0 
Jul 464608 0 43501 0 3434 8602 0 0 0 0 
Aug 22273 0 90242 0 2029 7195 0 0 0 0 
SeP 13554 0 5398 0 362 8284 0 0 0 0 
Oct 6368 0 1573 0 1766 3095 0 0 0 0 
Nov 12 0 179 0 70 120 0 0 0 0 
Dec 19 0 0 0 0 0 0 0 0 0 

1981 1982 1983 1984 1986 1986 1987 1988 igas 1990 

Feb 3 0 0 0 0 0 0 0 11 0 
Mat 0 0 5 0 0 0 0 0 4 0 
APr 3 0 0 0 0 5 0 0 0 0 
May 1330 800 0 7551 2280 645 155 10 0 0 
Jun 2 419 0 501 4 12 0 348 319 0 0 

0 44272 0 33741 0 0 3464 962 238 0 
Aug 0 56364 0 40142 0 0 834 1033 2389 0 
SeP 0 8173 0 5901 0 0 4704 10995 1681 0 

0 60 0 3592 0 0 232 1 6144 51 0 0 
0 0 0 685 0 0 0 165 0 0 
0 0 0 2 0 0 0 5 2 0 

Adults 

Jan 0 46 1 36 15 0 0 104 3 331 0 

Jui 

Oct 
Nov 
Dec 



_- . 

Estimated number impinged : Biueback herrlng Indian Point 

1981 1982 1983 1984 1985 1986 1987 1988 1 989 1990 
3an 0 0 0 0 0 0 0 0 0 0 

Youngsf-Year 

Feb 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 235 53 0 0 0 
Jul 8066 105 26830 81 17 85 702 614 138 344 
AUQ 11230 564 3271 9 942 148 51 257 1776 2166 1968 
SeP 13166 180 1288 275 173 288 9099 1273 492 829 
OCt 181820 3 10697 1641 7391 5832 61268 16784 16980 6048 
Nov 31876 50 5618 2246 15167 5395 2855 3552 38621 10012 
Dee 540 0 117 527 203 6 30 9 110 0 

Yearling 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1 B90 

Jan 96 I 13 44 20 34 5 104 51 0 
Feb 3 2 0 34 19 0 11 64 13 0 
Mar 2 0 16 4 0 5 4 11 41 0 
APr 7 0 0 1 33 77 14 159 0 0 
May 76 10 100 394 120 776 145 161 0 9 
Jun 216 53 3089 251 1 38 187 492 91 0 578 
Jui 152 0 2 879 7 25 138 52 27 13 
AUQ 47 10 0 27 3 0 30 137 72 192 
SeP 0 40 0 0 8 44 119 72 36 50 
Oct 3 0 15 12 76 129 298 40 27 I 
Nov 0 0 0 0 0 0 0 5 0 0 
Dec 0 0 0 0 0 0 0 2 0 0 

1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 

Feb 0 0 0 0 47 4 0 0 0 4 
0 0 0 0 8 0 9 1 7 0 

APr 22 0 0 1511 17 0 31 7 85 5 2 

Adults 

Jan 0 0 0 0 58 0 0 0 2 0 

Mar 

May 735 10 125 1479 3572 1 326 359 207 11 18 
Jun 1055 15 2427 2816 352 4042 526 696 175 676 

302 0 152 259 54 342 323 96 1 07 66 Jul 
AUQ 139 35 138 78 135 99 568 106 38 258 
SeP 6 7 72 98 83 24 356 34 358 159 
Oct 
Nov 
Dec 

0 0 32 7 255 124 14 10 0 21 
4 0 0 6 46 16 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 



Estimated number impinged : Striped bass Indian Point 
Young-of-Y ear 

1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 
Jan 0 0 0 0 0 0 0 0 0 0 

Young-of-Y ear 
1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 

Jan 0 0 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 
Mal' 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 0 
Jul 0 0 0 0 0 0 0 0 0 0 
Aug 6694 103 5952 680 483 1326 1008 0 0 0 
SeP 4590 127 214 643 59 401 3845 0 0 0 
Oct 6194 0 1194 399 494 520 18646 0 0 0 
Nov 4240 0 81 3 674 2194 548 847 0 0 0 
Dec 26001 0 1793 1552 1407 1097 267 0 0 0 

Yearllng 
1981 1982 1983 1984 I986 1986 1987 1988 1989 1990 

Jan 0 5518 13043 1187 51 337 3403 1372 20370 0 0 
Feb 0 27940 31 18 2161 7803 187 1584 19711 0 0 
Mar 0 6718 709 590 10228 200 2154 9569 0 0 
APr 0 203 15 1450 851 20 148 628 0 0 
May 0 48 0 707 724 36 32 1 333 0 0 
Jun 0 21 111 1327 432 39 28 312 0 0 
Jul 0 46 89 1188 120 41 0 240 0 0 
Aug 0 77 115 158 77 19 0 229 0 0 
SeP 0 40 20 31 87 29 60 106 0 0 
Oct 0 0 0 2 32 10 688 56 0 0 
Nov 0 0 0 12 138 19 10 32 0 0 
Dec 0 0 18 18 51 1 108 5 30 0 0 

Older 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

Jan 0 0 671 3 256 526 16 3 79 0 
Feb 0 0 19 20 365 67 0 132 2 0 
Mar 0 0 17 27 99 92 0 37 12 0 
APr 0 0 0 548 57 61 21 0 0 0 
May 0 0 0 357 39 36 0 3 0 0 
Jun 0 0 19 27 1 0 0 20 0 0 
Jul 0 0 27 26 14 12 0 0 30 0 
Aug 0 0 26 56 13 0 13 0 7 0 
SeP 0 0 14 0 13 12 20 0 0 0 
Oct 0 0 12 5 20 12 247 0 3 0 

0 0 0 0 19 0 2 9 28 0 
0 0 2 0 80 12 0 9 165 0 

Nov 
Dec 



Indian Point Spottail shiner Estimated number impinged : 

1981 1982 1983 1984 1985 1988 1987 1988 1989 1990 
Jan 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 Feb 
Mar 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

APr 

Jun 0 0 0 0 0 0 0 0 0 0 
May 

Jut 0 0 57 0 0 0 0 0 8 0 
0 0 0 0 0 0 0 0 0 0 Aug 

SeP 0 0 11 0 0 0 0 0 0 
Oct 6 0 0 0 0 0 0 21 20 0 
Nov 80 0 98 14 4 197 31 266 199 0 
Dec 312 0 41 1 0 73 326 5 196 2554 0 

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
Jan 93 0 0 0 223 84 0 0 0 0 
Feb 83 0 0 0 69 42 0 0 0 0 
Mar 242 0 1 0 36 179 0 0 0 0 
APr 153 0 7 0 32 39 0 0 0 0 
May 15 0 69 0 12 0 0 0 0 0 
Jun 14 0 50 0 0 0 0 0 0 0 
Jui 4 0 59 0 4 0 0 0 0 0 
Aug 20 0 0 0 3 0 0 0 0 0 
SeP 0 0 0 0 0 0 0 0 0 0 
Oct 0 0 0 0 0 0 0 0 0 0 
Nov 2 0 16 0 34 85 0 0 0 0 
Dec 13 0 142 0 149 176 0 0 0 0 

Youngsf-Y ear 

0 

Yearling 

Adults 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

Jan 206 145 158 387 1075 136 359 444 2004 0 
Feb 222 433 106 884 257 62 1602 439 103 0 
Mar 689 330 52 755 144 231 1147 330 778 0 
APr 89 124 0 325 21 31 109 0 25 0 
May 24 0 0 I08 12 0 36 0 12 0 
Jun 0 0 0 74 0 0 0 6 29 0 
Jul 0 0 0 15 0 0 0 0 20 0 
Aug 0 0 0 29 0 0 0 0 62 0 
SeP 0 0 0 0 0 0 0 0 25 0 
Oct 0 0 0 0 0 0 2 3 1 0 
Nov 0 0 0 9 0 0 3 45 61 0 
Dec 0 0 0 4 0 0 16 43 2005 0 



Estimated number Impinged : White perch Indian Point 
Youngof-Year 

1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 
Jan 0 0 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 0 
Jul 0 0 0 0 0 0 0 0 0 0 

SeP 16951 1913 441 661 72 1284 6334 6782 8363 359 
Aug 41793 23935 23457 1016 3603 14545 2078 20596 3406 31 78 

OCt 71849 15 231 9 327 51 30 17708 28378 13148 32309 4153 
Nov 187147 0 10638 5183 135699 43955 33271 451 38 44226 6268 
Dec 997852 0 37001 29695 181525 260086 5128 192144 254980 37043 

Yearling 

Jan 0 4 m 1  103751 9 7 6 u  
80616 153177 491 11 77941 144522 172454 71355 111052 Feb 0 302961 

0 305892 3331 9 48143 56560 26579 157287 145945 114830 2048 Mar 

APr 0 1 1023 18382 121907 231 54 4457 31129 12008 10706 9328 
May 0 24421 15729 58060 15842 33993 63614 19675 5193 3438 

0 4804 11487 20907 3084 2299 11110 1561 5 12870 35284 Jun 
567 740 12026 136 1696 1332 702 837 1904 Jul 0 

SeP 0 
Oct 0 
Nov 0 
Dec 0 

1981 1982 1983 1984 1985 1986 1987 1988 1989 I990 

Aug 0 303 603 1581 229 490 1112 1096 198 1164 
127 45 468 61 79 2343 872 259 1 02 

0 I 74 212 18357 3291 604 91 6 1168 554 
5 122 421 1982 405 1664 775 722 771 

0 2646 1721 1 1082 9499 139 1897 3259 4324 

Adults 
1983 1984 1985 1986 1987 1988 1989 1990 I981 1982 

Jan 0 0 3910 2724 4819 2716 4605 1863 2301 1805 
1070 21 53 2598 504 2156 4575 340 2003 
1433 7459 10017 2422 4435 2971 1049 92 

31 196 23779 8337 81 65 883 54 346 APr 0 0 2314 
2093 7479 1185 1243 764 862 44 309 

8660 854 18047 2353 1349 384 6529 Jun 0 0 8372 
3330 95 1024 3184 153 507 3128 

Aufl 0 0 785 
SeP 0 0 203 
OCt 0 0 25 87 
Nov 0 0 86 
Dec 0 0 354 157 

Feb 0 0 
Mar 0 0 

May 0 0 

Jul 0 0 537 
1018 262 409 516 205 2 2002 
180 114 127 0 19 257 599 

0 1 02 613 0 268 3 
0 5290 144 27 176 197 47 

1579 0 9 0 910 365 



Estimated number impinged : American shad Bowline Point 
Youngof-Year 

1980 1981 1982 1983 1984 1986 1990 1991 1992 1993 1994 199s 
Jan 0 0 0 0 0 0 0 0 0 0 .  0 
Feb 0 0 0 0 0 0 0 0 0. 0 0 
Mer 0 0 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 0 0 0 
Jul 620 5767 0 221 20 55 74 18 4 17 54 124 
Aua 160 23 57 995 59 0 212 0 48 6 13 502 

Oct 0 41 0 55 2 5 15 0 0 0 15 161 
SeP 18 26 9 26 6 0 0 0 37 0 0 0 

Nov 49 16 0 179 0 24 69 0 0 0 158 0 
DeC 0 0 7 12 3 11 3 0 0 0 7 0 

Yearling 
1980 1981 1982 1983 1984 I986 1990 1991 1992 1993 1994 1996 

Jan 0 4 0 0 0 4 0 0 0 0 .  0 
Feb 0 0 0 0 0 0 0 0 0 .  0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 0 0 
May 0 0 0 3 0 0 0 1 0 0 0 0 
Jun 0 6 0 0 0 0 0 3 0 0 0 0 
Jul 0 0 0 0 0 0 0 0 0 0 0 2 
Aua 15 0 20 90 0 0 0 0 0 0 0 0 
SeP 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 

Oct 
Nov 
Dec 

Adults 
1980 I981 1982 1983 1984 1985 1990 1991 1992 1993 1994 1995 

Jan 0 0 0 0 0 0 0 0 0 0 .  0 
Feb 0 
Mar 0 0 
APr 0 
May 0 
Jun 0 0 
Jul 0 0 
Aug 0 0 
SeP 0 
Oct 0 0 
Nov 0 0 0 
Dee 0 0 0 

0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 

0 0 14 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 9 0 2 
0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 6 0 0 0 
0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 



American shad Bowline Point Estimated number impinged : 
Youngsf-Year 

1996 1997 0 0 
0 .  0 0 
0 .  0 0 
0 0 0 0 

0 0 
0 0 0 0 

0 0 0 
74 0 0 0 
35 22 0 0 
0 0 0 0 

31 0 0 0 
0 0 0 0 

0 0 0 

Yearling 
1996 1997 0 0 

0 .  0 0 
0. 0 0 
0 0 0 0 

0 0 
0 0 0 0 

0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 

Adults 
1990 1987 0 0 

0 .  0 0 
0. 0 0 
0 0 0 0 

0 0 
0 0 0 0 

0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 



Alewife Bowline Point Estimated number impinged : 
Youngsf-Year 

Jan 0 0 0 0 0 0 0 0 0 0 0 0. 
1 980 1981 1982 1983 1984 1985 1988 1989 1990 1991 1992 1993 

Feb 0 0 0 0 0 0 0 0 0 0 0 .  
Mar 0 0 0 0 0 0 0 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 
0 

May 
Jun 0 0 0 0 0 0 2 0 2 1 0 
Jul 422 883 12 33 0 15 41 129 11 16 0 18 

856 816 35 12098 45 0 38 0 261 0 14 76 
0 

Aug 
SeP 72 56 4 25 5 26 0 24 0 0 0 
Oct 4 49 0 10 0 5 0 8 17 0 0 25 
Nov 87 8 0 113 0 8 0 0 80 0 0 0 
Dec 164 0 7 22 0 3 7 0 5 0 6 0 

Yearllng 
1980 I981 1982 1983 1984 198s 1988 1989 1990 1991 1992 1993 
M 
Feb 34 0 3 0 7 101 17 2 0 1 0 .  
Mar 3 42 0 8 2 40 2 0 0 0 7 0 
APr 7 37 0 0 0 0 0 5 0 0 5 23 
May 10 24 0 2 4 8 21 32 5 1 0 0 
Jun 152 7 27 43 111 19 19 115 16 0 113 25 
Jul 1265 0 3 0 .  25 0 12 0 3 1 0 49 
A w l  0 19 0 0 0 0 38 6 0 0 0 18 
SeP 8 0 0 1 0 0 0 1 0 0 0 4 
Oct 0 0 12 0 0 0 0 0 0 0 0 6 
Nov 4 0 0 4 0 0 0 0 0 0 0 0 
Dec 35 0 0 1 0 0 0 0 0 0 0 0 

Adults 
1980 1981 1982 1983 1984 198s 1988 1989 1990 1 991 1992 1993 

Jan 4 5 0 1 0 0 0 0 0 0 0 0 
Feb 0 0 0 0 0 4 0 0 0 0 0 .  
Mar 0 1 0 0 0 3 0 0 0 0 0 0 
APr 0 0 0 0 0 13 0 0 2 0 0 0 
May 7 15 0 6 4 84 2 27 0 3 0 0 
Jun 46 50 0 20 42 0 8 0 7 1 38 4 
Jui 422 177 2 1 8 0 5 0 1 0 0 0 
Aug 0 9 69 0 0 0 0 0 0 0 0 0 
SeP 8 0 0 0 0 9 0 2 0 0 0 0 
Oct 0 0 0 0 0 0 13 0 0 0 0 0 

0 0 0 9 0 3 0 0 4 0 0 0 
0 0 0 2 0 0 0 0 3 0 0 0 

Nov 
Dec 



Estimated number lmplnged : Alewife 
Youngof-Year 

Bowline Point 

1994 1996 I996 1997 
0 0. 

0 0 0. 
0 0 0 0 
0 0 .  
0 0 0 0 
0 0 .  0 

32 194 6 0 
25 144 63 160 
0 0 17 0 

15 291 89 0 
200 6 8 0 

31 0. 0 

Yearling 
w94 I996 I996 1997 

0 0. 
0 0 0. 
0 0 0 0 
0 0 .  
0 4 0 0 

19 36. 27 
18 0 9 0 
51 6 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0. 0 

Adults 
1994 1996 1996 1897 

0 0 .  
0 0 0. 
0 0 0 0 
0 0. 
0 0 0 0 
0 1 4 .  0 
0 0 0 0 
0 6 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0. 0 



Blueback herring Bowline Point Estimated number impinged : 
Y oungof-Year 

Jan 0 0 0 0 0 0 0 0 0 0 0 0 
1980 1981 1982 1983 1984 1986 1986 1987 1988 1989 1990 1991 

Feb 
Mar 
APr 
May 
Jun 
Jul 
Aug 
SeP 
Oct 
Nov 
Dec 

0 
0 
0 
0 
0 
0 

210 
111 
28 

1198 
391 

0 
0 
0 
0 
0 
0 

77 
166 
741 
491 
380 

0 
0 
0 
0 
0 
3 

51 
11 

213 
435 
475 

0 
0 
0 
0 
0 

54 
3 

13 
489 

1793 
265 

0 
0 
0 
0 
0 
0 

67 
11 
2 

1 36 
81 

0 
0 
0 
0 
0 
4 
0 
0 

377 
568 
1 96 

0 
0 
0 
0 
0 
0 

47 
7 
6 

738 
10 

0 
0 
0 
0 
0 

61 
72 
52 

7895 
845 
307 

0 
0 
0 
0 
0 

24 
281 
23 

167 
42 
0 

0 
0 
0 
0 
0 
8 

143 
16 
18 
86 
3 

0 
0 
0 
0 
0 
0 

24 
0 

250 
1131 

5 

0 
0 
0 
0 
0 
2 
0 
0 
0 
0 

19 

Yearling 
1980 1981 1982 1983 1984 1985 1986 1987 I988 1989 1990 I991 

Jan 48 1 24 6 24 20 17 18 0 87 16 0 1 
Feb 94 0 0 6 36 9 18 3 39 21 0 1 
Mar 8 3 0 0 3 0 5 0 4 12 0 0 
APr 6 32 0 0 4 0 2 0 0 55 0 0 
May 0 0 0 6 3 0 0 4 20 34 0 1 
Jun 92 0 0 18 69 0 0 0 0 19 0 1 
Jul 427 0 1 0 0 1 0 19 7 3 0 0 
Aug 0 0 0 0 0 0 0 0 0 0 0 0 
SeP 0 0 0 0 0 0 0 0 0 0 0 0 
Oct 7 0 13 1 0 0 0 62 10 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 
Dec 0 0 0 0 0 0 0 0 0 0 0 0 

Adults 

Feb 6 0 0 0 0 14 0 0 0 0 0 0 
Mar 0 1 0 0 0 14 0 0 0 0 0 0 
APr 5 28 0 0 0 13 2 0 0 36 0 0 
May 22 22 0 8 6 56 21 16 8 25 13 1 
Jun 35 58 3 14 243 6 0 6 0 19 39 2 
Jul 427 129 4 0 0 5 0 68 27 9 0 1 
Aug 368 26 51 0 34 59 47 0 0 0 24 0 
SeP 18 0 4 1 4 24 2 0 7 5 0 0 

0 0 0 1 0 0 0 0 0 0 0 0 
8 0 0 0 0 7 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 

Oct 
Nov 
Dec 



Estimated number impinged : Blueback herring Bowline Point 
Youngsf-Year 

1992 1993 1994 1996 
0 0 .  0 
0. 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 16 7 69 

62 29 42 37 
40 0 0 0 

8 43 39 14398 
0 6 267 58 
6 0 7 0 

Yearling 
1992 1993 I994 I996 

11 0 .  0 
0 .  0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

22 0 0 40 
0 5 7 19 
0 0 0 11 
0 0 0 0 
0 6 0 0 
0 0 0 0 
0 0 0 0 

Adults 
1992 1993 1994 1996 

0 0 .  0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 

0 
0 
0 
0 
8 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



Bowline Point Striped bass Estimated number impinged : 

Jan 0 0 0 0 0 0 0 0 0 0 0 

Youngof-Year 
1980 . 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

Feb 0 0 0 0 0 0 0 0 16 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 
0 

APr 
0 0 0 0 0 0 0 0 0 0 0 

Jun 0 0 0 1 2 0 0 0 0 0 0 1 
May 

Jui 10 4 33 0 0 6 25 0 23 37 13 0 20 
27 33 46 138 25 27 42 20 42 37 65 0 

SeP 7 26 9 20 0 0 7 43 11 11 15 0 
A"@ 

Oct 0 6 11 12 0 4 0 459 80 8 88 0 
Nov 7 0 4 9 0 2 28 39 31 5 242 0 
Dec 137 82 7 164 17 12 13 4029 51 5 128 6 

Yearling 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

Jan 266 107 52230 138 45 89 11 9 5  
Feb 150 1106 8782 218 222 203 835 0 1 1649 80 0 86 
Mar 253 79252 1142 162 143 3470 71 1 5 1280 124 0 35 
APr 516 8400 1811 92 5Q 1323 27 3 18 937 5 3 
May 12 0 8 0 0 0 0 3 2 19 0 1 
Jun 8 16 0 4 14 0 0 0 12 0 0 1 
Jui 10 56 0 0 2 25 0 0 14 5 0 5 
Aug 2 0 7 9 2 2 0 I 0 0 22 0 
SeP 0 9 9 7 0 5 0 0 4 4 0 0 
Oct 0 0 6 1 0 0 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 0 0 0 0 0 0 
Dec 0 0 0 0 0 0 0 0 0 0 0 0 

1980 1881 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 
Jan 0 5 1 24 5 2 3 4 0 0 0 0 0 
Feb 0 6 36 2 2 2 8 0 16 2 0 0 
Mar 0 331 6 1 1 0 21 0 0 0 0 0 
APr 0 0 0 0 0 0 0 0 0 0 0 0 
May 4 0 1 0 0 0 0 0 0 0 0 0 
Jun 0 0 0 0 0 0 0 0 0 0 0 0 
Jul 29 0 0 0 1 0 0 0 7 2 0 0 
Aug 0 0 0 0 0 0 0 0 0 0 0 0 
SfJP 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 1 0 0 0 0 0 0 0 0 

0 

Adults 

Oct 
Nov 
Dec 



Bowline Point Estimated number lmplnged : Striped bass 
Youngof-Year 

1992 1993 1994 1995 
0 0 .  0 
0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
8 63 92 74 

50 78 287 243 
11 4 138 7 
0 0 39 279 
0 0 72 37 
6 0 106 20 

Yearling 
1992 1993 1994 1995 

35 6 .  239 
6 .  0 129 

33 0 22 2600 
23 402 6 438 
0 0 0 0 

11 4 8 36 
0 88 25 50 
8 9 0 14 

17 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

Adults 
1992 1993 1994 1996 

0 0 .  0 
0 .  0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 6 8 0 
0 0 0 7 
6 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 



White perch Bowline Point Estimated number impinged : 
Young-of-Year 

Jan 0 0 0 0 0 0 0 0 0 0 0 0 
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

Feb 0 0 0 0 0 0 0 0 0 0 0 0 
Mar 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 

APr 

Jun 0 0 0 0 0 0 0 0 0 0 0 0 
May 

Jui 114 507 0 45 0 0 0 0 25 0 0 I 
Aug 938 451 1933 309 0 0 186 0 39 14 31 0 0 
SeP 19 36 8 39 0 9 9 17 0 10 8 0 
Oct 0 25 16 53 5 0 19 419 6 8 94 0 
Nov 23 78 12 30 0 0 93 301 41 15 1403 0 
Dec 31 9 352 58 538 20 4 146 21627 995 284 1281 11 

Yearling 
1980 1981 1982 1983 1984 1985 1986 1987 1988 I989 1990 1991 

Jan 9170 236 191749 437 277 368 107 284 18694 1687 47 9 6  
Feb 2685 2857 19962 1065 595 201 5274 125 15054 547 219 85 
Mar 3452 238152 6764 1644 441 3885 10924 122 622 564 119 53 
APr 9208 44389 7992 1653 1750 2764 677 279 8 7219 85 2 
May 653 161 337 321 22 33 136 62 223 673 31 47 
Jun 851 556 33 375 2045 22 0 23 123 1747 249 28 
Jul 135 220 25 182 1 04 20 0 44 0 39 218 5 
Aug 156 20 91 1 62 20 17 247 0 52 0 546 0 
SeP 10 9 0 20 0 9 0 17 0 0 0 1 
Oct 0 0 16 7 5 6 0 88 0 0 0 0 
Nov 9 0 0 8 0 7 24 23 3 0 65 0 
Dec 113 7 6 100 12 37 3 2371 7 23 119 1 

1980 1981 1982 1983 1984 1985 1988 1987 1988 1989 1990 1991 

Feb 634 482 754 178 110 59 274 161 384 40 19 3 
Mar 403 10896 130 103 17 85 630 6 32 0 23 7 
APr 63 830 45 225 10 55 66 22 8 474 22 1 
May 29 40 0 53 8 11 8 18 21 112 8 4 
Jun 498 221 98 256 169 22 143 46 16 610 76 7 

Aug 840 131 235 632 168 78 263 48 78 54 207 9 
SeP 78 72 117 195 67 80 19 26 10 29 40 2 
Oct 12 12 144 53 26 26 14 18 6 0 7 0 

23 0 37 12 2 0 7 0 7 0 39 0 
Dec 42 39 32 79 0 37 10 231 4 12 27 1 

Adults 

Jan 988 21 i 5024 113 92 133 71 21 581 34 60 4 

Jul 456 110 147 262 38 30 93 67 101 0 97 13 

Nov 



Bowllne Point Estimated number impinged : White perch 
Youngof-Year 

1992 1993 1994 1995 
0 0 .  0 
0. 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 9 0 
0 36 42 0 

39 7 83 84 
7 0 0 0 
0 0 0 69 
0 7 8 297 

12 12 97 648 

Yearling 
1992 1993 1994 1996 

78 61 . 165 
0 .  53 98 

73 0 138 3273 
34 3149 163 576 
0 127 208 13 

285 294 338 483 
37 42 59 145 
39 7 35 14 
48 5 0 0 
0 0 0 41 
0 0 0 6 
0 0 0 8 

Adults 
1992 1993 1994 1995 

8 105. 6 
0 0 0 
7 0 6 632 

13 113 7 474 
0 0 0 4 

419 131 123 84 
201 t 43 21 427 
70 67 7 35 

124 40 0 0 
16 0 0 8 
0 7 0 0 


