OAK

RIDGE
NATIONAL -
LABORATORY

)

NUREG/CR-2563
ORNL 'TM-8217

Relative Stock Composition
of the Atlantic Coast
Striped Bass Population:
Further Analysis










. ACKNOWLEDGMENTS

e The authors thank L. W. Barnthouse, J. J. Beauchamp,
S. W. Christensen, (. P. Goodyear, and V. E. Kane for their critical
review of this report., The data analyzed were made available to us by
Texas Instruments, Inc., through Consolidated Edison Company of
New York, Inc., as part of the operating license proceedings for
Consolidated Edison's Indian Point Nuclear Generating Plant, Unit 3,
before the U.S. "'uclear Regulatory Commission.



ABSTRACT

VAN WINKLE, W., and K. D. KUMAR, 1982, Relative stock com-
position of the Atlantic Coast striped bass population:
Further analysis. NUREG/CR-2563; ORNL/TM-8217. Oak Ridge
National Laboratory, Oak Ridge, Tennessee. 138 pp,

Fourteen variables derived from thirteen morphological characters
were used in a stepwise discriminant analysis and a maximum likelihood
analysis to estimate the relative contribution of striped bass (Morone
saxatilis) stocks from the Hudson River and Chesapeake Bay to the
coastal striped bass population. The analyses made use of the spawning-
stock data and ocean data collected by Texas Instruments in 1975,
although deletions were made to simplify the data to focus on relative
contribution north of Chesapeake Bay and on sex and year-class differ-
ences. The discriminant function method misclassified approximately
20% of the spawning-stock fish. Errors in estimates of relative con-
tribution for the spawning stock data were similar for the two methods
of analysis. Estimates of relative contribution of the Hudson stock to
the coastal population varied considerably among year classes. In
particular, the estimated relative contribution for the 1965 year class
was between 40 and 50%, while the relative contributions for the 1966,
1968, and 1969 year classes were approximately 10% or less. The rela-
tive contribution of males was greater than that of females. The two
methods of analysis gave similar estimates of relative contribution of
the Hudson stock to the coastal population,



SUMMARY

vo1$S report presents an analysis of the Texas Instruments 1975
spawning-stock and ocean data collected as part of a study to identify
the origin of striped bass collected in the Atlantic coastal population
and to estimate the relative contribution of major stocks to the
coastal population. The specific purposes of this report are to
analyze this large and valuable data set by deveioping and applying
alternative methods of analysis and by focusing on estimating relative
contribution by sex and year class, and to argue that the time is
propitious to have this study repeated.

Roanoke fish were deleted from the spawning-stock data and stratum
10 was deleted from the ocean data in an effort to simplify the data
set to focus on the primary area of controversy, namely, the relative
contribution of the Chesapeake and Hudson stocks to the ocean popula-
tion north of Chesapeake Bay. We further simplified the data by delet-
ing from the spawning-stock data (and then from the ocean data) any sex
and year-class combination for which there were fewer than two fish for
either spawning stock. The relative contribution of the Hudson stock
was estimated using both a stepwise discriminant function method and a
maximum likelihood method. Prior to statistical analysis, we attempted
to correct for sex and year-class effects in an effort to obtain a
clearer picture of the pattern of relative contribution between sexes
and among year classes. The data were not transformed because it was
not possible to test the statistical validity of such transformations
in terms of a better or poorer fit to a multivariate normal distribu-
tion. In selecting characters to be used in the discriminant function,
we allowed not only the observed characters but also their squares and
cross products to be candidates for inclusion.

The final discriminant function included 14 characters. Although
there was no direct correspondence beiween our 14 characters and the
five characters selected by Texas Instruments, it was apparent that
snout length, internostril width, distance between focus and first
annulus, distance between first annulus and second annulus, and number
of rays in the various fins were the most discriminating characters in
both analyses. The confusion matrix indicated that 21% of the Hudson
spawning stock was misclassified as Chesapeake and 20% of the Crasapeake
spawning stock was misclassified as Hudson. Error, defined as the
absolute difference between the estimated and true relative contribu-
tion from the Hudson for the spawning-stock data, was similar for the
discriminant function method and the maximum likelihnod method. Error
increased as sample size decreased.

Estimates of relative contribution of the Hudson spawning stock to
the Atlantic coastal population of striped bass north of Chesapeake Bay
differed considerably among year classes. In particular, the estimated
relative contribution for the 1965 year class was between 40 and 50%,
while the relative contributions for the 1966, 1968, and 1969 year
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INTRODUCTION

One of the major issues in the Nuclear Regulatory Commission (NRC)
licensing hearings for operation of both Indian Point Units 2 and 3 was
the relative stock composition of the Atlantic Coast striped bass
population (USAEC 1972, USNRC 1975). In particular, the concern was
that if the Hudson River were a major contributor and if entrainment
and impingement mortality of young-of-the-year striped bass at power
plants along the Hudson were high, then there was a risk that the
Indian Point facility might contribute substantially to a reduction in
the commercial and sport fishery for striped bass along the Atlantic
Coast. In response to this concern, Consolidated Edison Company of
New York funded a study by Texas Instruments. The results of this study
were presented in reports (McFadden et al. 1978, Texas Instruments
1976) and in the open literature (Berggren and Lieberman 1978, Grove
et al. 1976). The summary and conclusions from this study were as
follows:

"A study was conducted to identify the origin of
striped bass collected in the Atlantic coastal fishery and
estimate the relative contribution of major stocks to the
fishery. Quadratic discriminant analysis was applied to
values of five morphological characters obtained from
Hudson, Chesapeake, and Roanoke spawning-stock specimens
to determine functions which best separated the stocks.
Correct-classification percentages of 76.8, 67.7, 85.9%
were obtained for the Hudson, Chesapeake, and Roanoke
spawning stocks, respectively, resulting in an overall
correct classification of 74.4% of the specimens.

"A simulation study was conducted to investigate the
bias in as-classified, iterative, and adjusted estimates
of relative contribution due to misclassification error
inherent in the discriminant functions. Results indicated
that iterative estimates may best approximate the true
contribution of the Hudson stock in oceanic collections.?

aRobson (1979, p. 39) commented that “the [iterative] method
appears to be an innovation and is presented without reference citations
or theoretical justification. Available empirical evidence is suffi-
ciently compelling to justify a theoretical study of the procedure, but
until the mathematical properties are investigated there is no firm
basis for its application." In light of Robson's evaluation, we used
Berggren and Lieberman's (1978) adjusted estimates rather than their
iterative estimates in making comparisons with our own results.






3 ORNL/TM-8217

(1) Relative contribution varies considerably from year class to
year class, but it does not appear to have exceeded 30% for
any year class between 1963 and 1971.

(2) Both Texas Instruments and our preliminary estimates of rela-
tive contribution of the Hudson stock averaged over age, sex.
and temporal and spatial strata were less than 5%.

(3) These estimates of less than 5% are probably lower than the
long-term average relative contribution due to the dominant
effect of the 1970 year class from the Chesapeake.

We then discussed the need to more carefully examine the pattern
of the estimates of relative contribution by sex within year class,
although we recognized the problem of small sample size for some of
these sex and year-class combinations. We concluded that the study
needed to be repeated in the 1980s, after the 1970 year class was a
minor component of the ocean population.

The purpose of this report is to further analyze this large and
valuable data set. In particular we (1) developed and applied
alternative methods of analysis, (2) focused on estimating relative
contribution by sex and year class, and (3) arqued that the time is
propitious to have this study repeated.

METHODS

Spawning-Stock Data

The collection and processing of spawning-stock specimens is
described in Berggren and Lieberman (1978). For our analysis we deleted
the Roanoke fish from the spawning-stock data set. Our reasoning was
as follows. Tag-recapture studies do not indicate apprec’able migration
of Roanoke fish north of the entrance to Chesapeake Bay (Hassler et al.
1981) or appreciable migration of Hudson fish south of the entrance to
Chesapeake Bay (Texas Instruments 1976, Appendix A). The controversy
concerning the relative stock composition of the ocean population con-
cerns primarily the area north of Chesapeake Bav. By deleting the
Roanoke fish, we assume that we are simplifying the 4ata set in a
manner that will more accurately allow us to estimate what we are
primarily interested in, without the complicating and confounding
effects of including a third stock with its own differences among ages
and between sexes. Consistent with our deletion of Roanoke fish from
the spawning-stock data set is our deletion of all fish from stratum 10
(south of the entrance to Chesapeake Bay) from the ocean data set.

Berggren and Lieberman (1978, Table 5, their adjusted estimates)
report that the relative contribution of the Roanoke stock to stratum 1
(Pemaquid Neck Light on the coast of Maine south to Race Point Light at
the tip of Cape Cod and including all of Cape Cod Bay) was 11.5% (9 of
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Table 1. Sex and year-class composition of the 197§ spawning stock
data from the Hudson River and Chesapeake Bay

; ?ulber of
egal-sized fish
Year Age? an
Sex class (year) Hudson Chesapeake
Male 1973 (2) 0 3
1972 (3) 0 26
1971 4 M 20
1970 5 17 64
1969 6 13 5
1968 7 2 2
1967 8 5 3
1966 (9) 8 0
1965 10 13 2
1964 11 7 3
1963 (12) 2 0
1962 (13) 2 0
Total: Without deletions 80 128
With deletions 68 99
Female 1971 (4) 0 4
1970 (5) 1 29
1969 6 9 10
1968 7 7 6
1967 (8) 1 1
1966 9 18 24
1965 10 17 5
1964 11 17 9
1963 (12) 1 ]
1962 (13) 1 |
1961 (14) 0 0
1960 (15) 1 0
1959 (16) 0 0
1958 (17) 1 3
Total: Without deletions 84 103
With deletions 58 54
Total for both sexes:
Without deletionsP 164 231
With deletions 136 153

2Age in parentheses means that fish in that sex and year-class
combination were deleted from the spawning-stock data set for our
analysis. Criterion for deletion was fewer than two fish from either
the Hudsorn or the Chesapeake.

DThese totals do not include four fish from the Hudson and one from
the Chesapeake, which accounts for the discrepancy with the 168 Hudson
fish and 232 Chesapeake fish reported by Berggren and Lieberman (1978).
We did not include these five fish because they were not assigned an
age by Texas Instruments due to conflicting age estimates based on
scale annulus readings (J. T. Lieberman, personal communication).
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Table 2. Sex and year-class composition of the 1975 ocean datad

Year Ageb
Sex class (year) N
Male 1973 (2) 4
1972 (3) 16
1971 4 87
1970 5 196
1969 6 25
1968 7 6
1967 8 7
1966 (9) 13
1965 10 3
1964 11 5
1963 (12) 1
1962 (13) 1
Total: Without deletions 364
With deletions 329
Female 1973 (2) 4
1972 (3) 100
1971 (4) 234
1970 (5) 1123
1969 6 166
1968 7 48
1667 (8) 78
1966 9 151
1965 10 38
1964 1 66
1963 (12) 76
1962 (13) 7
1961 (14) 6
1960 (15) 2
1959 (16) 4
1958 (17) 3
1955 (20) 1

Total: Without deletions 2107
With deletions 469

Total for both sexes:
Without deletions 24

71

With deletions 798

4A11 fish in stratum 10 (south of the entrance to Chesapeake Bay) were
deleted (= 51 fish). Five fish in strata other than stratum 10 were
deleted Decause sex was undetermined. One fish in stratum 9 was
deleted because it was collected in Chesapeake Bay rather than the
ocean. The 2471 fish without deletions in this table + 51 fish in
stratum 10 + 5 fish of undetermined sex + 1 fish in stratum 9 but in
Chesapeake Bay = 2528 fish, which is the total sample size in Table 5
of Berggren and Lieberman (1978).

DAge in parentheses means that fish in that sex and year-class
combination were deleted from the ocean data set for our analysis.
Criterion for deletion was fewer than two fish from the Hudson or the
Chesapeake spawning-stock data set (see Table 1).
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dominance in the ocean sample of 5-year-old bass, both female and male
(Table 2), reflects the 1970 dominant year class produced in the
Chesapeake.

Statistical Methods

The primary goal of the statistical analysis is to estimate the
contribution of the Hudson River striped bass stock to the Atlantic
Ocean striped bass population. We estimated the contribution (p)) by
two independent methods, the discriminant function method and the maxi-
mum likelihood method.

Discriminant Function Method

Given a spawning-stock data set where the striped bass are of
known origin, namely, the Hudson and Chesapeake, the discriminant func-
ticn method attempts to classify each of the ocean fish of unknown
origin as belonging to one group or the other. Hence, given a sample
of size N of striped bass collected in the ocean, the discriminant
function will classify Ny (the '"' denotes an estimate as opposed to
the 'true' value) as belonging to the Hudson stock. The relative
contribution of the Hudson stpck (p1) is given by

pl’“(;)*s ’ (1)

where a and g are constants that can be estimated from the
spawning-stock data set. In this section we discuss (1) the method of
estimating the discriminant function, (2) the method for estimating the
“confusion matrix," and (3) the derivation of Eq. (1) from the confusion
matrix.

Estimation of Linear Discriminant Function

Let y1 = (¥11, ¥12 «+.» YIK) and y2 = (y21, Y22, +..» Y2K) be
the vectors of K character variables for each fish (both sexes and all
ages) sampled from the Hudson and Chesapeake, respectively. Let nm
and ny be the number of fish sampled in each of the spawning stocks.
We further define the following terms:
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Yi = mean sample vector of character variables for spawning
stock i (i = 1,2),

Sj = variance-covariance sample matrix for spawning stock i
(i =1,2),

n=ny)+ny = total sample size from the spawning stocks,

_ MYy 0o,
¥ i B overall mean sample vector of character
variables,

1 g
LR [(ﬂ -1) Sy + (n,=1) S ] = within-group, variance-
e ] ] 2 2 covariance sample matrix,

and

B=m (1 -9 -¥)' + nq(?z - ¥)(¥2 - ¥)' = between-group,
variance-covariance sample matrix, where the prime denotes
the transpose of the vectors of differences (Vi - ¥).

[t is assumed that the y; are samples from multivariate normal
distributions and that tne S; are estimates of a common variance-
covariance matrix. If the vector z = a'y denotes a linear combination
of the original character variables, a one-way analysis of variance for
the derived variable z will lead to the following F-ratio of the
between-groups mean square to the within-group mean square:

_ a'Ba
F—m. (2)

[f we choose the elements of the coefficient vector a, such that this
F-ratio is maximized, we are in fact selecting the 1inear combination
of the original character variables which best "discriminates" between
the two stocks. The value of a is ?iven by the eigenvector correspond-
ing to the largest eigenvalue of W-!8 (see Gnanadesikan 1977,

Chapter 4). Once the coefficient vector a has been determined, we can
then classify the ith fish in the ocean sample as belonging to the
Hudson stock if

a'xy > a' (1 +yp)/2 , (3)

where xj is the vector of K character variables for the ith fish in
the ocean sample. Otherwise, the ith fish is classified as belonging
to the Chesapeake stock. The reader should refer to Rao (1952) and
Gnanadesikan (1977) for more details.
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The Confusion Matrix

Once the discriminant function has been estimated, we can evaluate
the effectiveness of the discriminant function by estimating the
“confusion matrix." Let ¢jj represent the proportion of the ith
spawning stock that was classified as belonging to the j* th spawning
stock. Hence, ¢1) and ¢p» represent the proportions correctly
classified as Hudson and ghesapeake, respectively, while ¢12 and
92] represent the proportions misclassified (e.q., $2) repre-
sents the proportion of the Hudson spawning stock miscla551fied as
Chesapeake spawning stock). The confusion matrix can be estimated
using the jack-knife method (also called the U-method) (Kshirsagar
1978). The confusion matrix is estimated as follows:

Step 1: Compute the discriminant function using the two spawning-
stock data sets combined, except for the ith fish,

Step 2: Classify the ith fish using the discriminant function
computed in Step 1.

We repeat the two steps for all the fish in the combined spawning-
stock data set. The reader is referred to Kshirsagar (1978, Chapter 6)
for a general discussion of different methods of estimating the con-
fusion matrix. The overall effectiveness of the discriminant function
is then given by the ratio of the total number of fish misclassified to
the total number of fish in the spawning stock data set. The lower
this number, the better the discriminant function.

Estimation of Relative Contribution (p1)

The number of ocean fish classified as Hudson, ﬁ]. may be
expressed as

A

Ny = Prob(1,1)Ny + Prob(2,1)Ny (4)

where Ny and Ny are the true number of Hudson and Chesapeake fish
in the ocean sample, respectively, Prob(1,1) is the probability a Hudson
fish is classified as Hudson, and Prob(2, l) is the probability a
Chesapeake fish is classified as Hudson. Dividing both sides by

= Ny + Np gives

A

Py = Prob(1,1)py + Prob(2,1)(1 - py) , (5)

where B is the proportion of the ocean sample classified as Hudson,
and py 1s the 'true' proportion of the ocean sample from the Hudson.
Assuming ¢ | equal to Prob(1,1) and $2,1 equal to Prob (2,1)

and solving “for p1, we get



11 ORNL /TM-8217

.0
R
Then
Py = a 6] +8 (i.e., Eq. 1) , (7)
where
a = 1/(8y) - 9y)) and B = -4,,/(01; - ¢57) - (8)

This method of adjusting the estimates of contribution obtained
directly from the discriminant analysis to correct for bias due to
misclassification is akin to moment estimation (Kendall and Stuart
1973). It is the same procedure used by Berggren and Lieberman (1978;
their adjusted estimates); see also Fukuhara et al. (1962) and Anas and
Murai (1969) who used this procedure to adjust estimates of stock
contribution for salmon. If py < ¢p7 or ¢171 < 921 (but not both), the
estimate of py will be negative, ingicating that the method is unable
to estimate the contribution because it is very small or because the
sample size is small. Whenever a negative pj was obtained, we set it
?qual)to zero, unlike the procedure used by Berggren and Lieberman

1978).

Maximum Likelihood Method

The maximum Tikelihood method treats the task of estimating pj
as a "mixture-of-normals" problem, and p) is estimated directly with-
out classifying individual fish (Odell and Basu 1976, Robson 1979,
Peters and Coberly 1976, and Tubbs and Coberly 1976). As a result,
there is no equivalent of the bias problem encountered with the
discriminant function method, and thus there is no need to adjust
maximum likelihood estimates of py as in Eq. (7).

Let f1(yy) and fp(y2) be the K-dimensional probability density
functions of the character variables for the Hudson stock and Chesapeake
stock, respectively; then the density function of the character
variables for the ocean stock is a mixture of these two spawning-stock
density functions. In our case, we define for the ocean sample (denoted
by x) a binomial distribution leading to the density function

f(x) = py f1(x) + (1 - B))falx) (9)

where 61 = estimated contribution of Hudson stock to the Atlantic
Ocean population. We further assume that f;(x) is a K-dimensional,
multinormal distribution with mean vector, ©j, and variance-
covariance matrix, IZj. Furthermore, to remain consistent with the
linear discriminant function method, let I} = I = L.



ORNL /TM-8217 12

Given the spawning-stock data, we can readily obtain the usual
estimates of ©, 0, and Z. Hence, f(x) can be re-written as

AN, AN o
f(x) =py f1(x) + (1 - p7) fa(x) . (10)

One can then obtain the max}mgm likelihood estimate of py by forming
the likelihood function of f(x), differentiating the function with
respect to 61, and setting this derivative equal to zero. After some
algebraic manipulations we obtain the equation

P
fl(xi)
L — S——— 4
1 D] f](xf) + (1 - p‘) fz(xi)

A

p] o

(1)

z o

N
i=

where N is again the number of fish in the ocean sample. Since 3]
occurs on both sides of the equation, a fixed-point soluti.n method is
used to estimate pj. The abcve equation is re-written as

N
RO fy () (12)
o St Tl . - =<
L ‘ vy B (r 1)f,?k )+ (1 -p r 1)) f (x.;
i 1 | 1 " Sl
alr) th i
where p) = estimate of pj at the r iteration.

The estimation algorithm is

0
Step 0: Let 6% ) . 0.5. This is the initial estimate of pl.
Step r: Substitute the estimate of py at the (r-1)th iteration

-1 r r r-1
(a§" ))in Eq. (12) to obtain 6% T |6% ). 6% "4z ‘tass
than some small number ¢ (0.00001 in our case), the algorithm

r
has converged and 6% ) is our best estimate of py. Otherwise
we repeat Step r.

A N
It can be readily shown that given fi(x) and fp(x), the algorithm

r
will converge. When 6§ ) is close to zero or one, the algorithm

’
is stopped, and 6% ) is set equal to zero or one, respectively.
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One of the potential advantages of this maximum likelihood method
is theg it is theoretically possible to c2lculate a confidence interval
about 'p), whereas this is not possib,: wi'h the discriminant function
method. The procedure for doing this, however, would not be straight-
forward and would require developing additicnai computer programs.

This is an area that could profit from further research.

In the preceding two subsections we discussed two methods for
estimating the contribution of the Hudson spawning stock to the ocean
population. In the next two subsections we discuss some of the problems
that exist in dealing with the type of data this study involves and our
approach to resolving these problems.

Transformations and Sex and Year-Class Fffects

Before an analysis can be carried out, two important issues must
be addressed. These are

(1) Should the data be transformed (examples: logarithmic or
square-root transformation)? A decision was made a priori that given
the high dimensionality of the data set (13 morphological characters)
and a lack of knowledge concerning the true multivariate distribution,
it is not wise to attempt such transformations because it is not
possible to empirically test the statistical validity of these trans-
formations in terms of a hetter or poorer fit to a multivariate normal
distribution. Berggren and Lieberman (1978) did not use transformations
either.

(2) How does one account for sex and year-class effects? Under
ideal circumstances one would like to conduct the analysis for each sex
and year-class combination, so that one could obtain a clearer picture
of the contribution pattern. However, because the sample sizes were
not sufficiently large to allow such an analysis, we took the alternate
route of attempting to "correct" the data for these effects, as
follows: Consider a specific sex (S) and year class (Y). For this sex
and year-class combination (SY), we obtain the mean of the jth

morphological character, Vj(SY). over both spawning stock samples. Then

for each fish in this sex and year-class combination in either spawning-
stock sample, we define the new character

_yijk(SY) = Vijk(SY) - VJ‘(SY) p (]3)

where vijk (SY) is the original value of the jth character for the kth

fish from the ith spawning stock in sex and year-class combination

SY. This mode of correction is based on a linear model for the effect
of sex and year class on each morphological character. Because the
averaging is done over both spawning stocks, it is essential that one
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must have data from both sources for a given sex and year class. As a
consequence, several sex and year-class combinations were dropped from
the analysis due to lack of data for both spawning stocks. Table 1
shows the sex and year-class combinations used in this study.

Alternative methods of accounting for sex and year-class effects
were explored, involving regression of each morphological character on
age or fork length for males and females separately. We preferred
Eq. (13) because it was the simplest method and involved the fewest
assumptions.

Selection of Characters to Be Used in the Discriminant Function

The Texas Instruments data collection program involved measuring
13 characters for each fish. The utility of the discriminant function
is maximized when only the most “"discriminating" characters are used in
the function. It is our hypothesis that the relationship betwesn the
13 measured characters is complex and not fully understood or known.
Based on this hypothesis, we decided that not only the measured
characters but also their squares and cross-products for a total of
104 character variables should be candidates for inclusion in the
discriminant function. Note that this procedure is analogous to the
second-degree polynomial approach used in response surface methods
(Cochran and Cox 1957). The variables included in the function were
determined using the stepwise discriminant function method (Rao 1952).
We allow the possibility of a square of a measured character or a cross
product of two characters to be in the model, without the measured
characters appearing by themselves., This allows the discriminant func-
tion to be more general in nature than the one permitted by the usual
quadratic-discriminant-function method (Kshirsagar 1978), used by
Berggren and Lieberman (1978). The quadratic-discriminant-function
method requires that the measured character itself be selected for the
model before the square of this character or a cross product involving
this character is considered.

The same character variables selected for the discriminant func-
tion method were used for the maximum likelihood method. It would have
been possible to have this method select its own set of variables in a
stepwise fashion, but only with considerable work and the developrient
of a new computer program. We decided this was not a worthwhile invest-
ment of time and money because the stepwise-discriminant-function
method of selecting variables is well establisned in the field as being
sound.
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RESULTS AND DISCUSSION

Discriminant Function

The stepwise linear discriminant function procedure resulted in
selection of 14 of the 104 character variables (Table 3). Before a
variable could be selected, two criteria had to be established. First,
for the ith variable to be selected in the discriminant function
already having the (i-1) most descriptive variables, the probablity of
obtaining the calculgted F value for the ith variable needed to be
greater than the 90N percentile of the theoretical F distribution
with the corresponding degrees of freedom. Then, each of the (i-1)
previously included variables was tested for inclusion, assuming that
the ith included variable was in the equation. This F value also had
to be greater than the 90th percentile.

Our choice of the 90N percentile is somewhat arbitrary. The
procedure was evaluated using the 75th, goth opth  and 95th percen-

tiles, which of course resulted in progressively fewer variables being
selected. There was not a pronounced pattern, however, in which
variables were selected at the various probability levels, nor was
there an appreciable change in the misclassification proportions.

The five character variables established by Berggren and Lieberman
(1978) as the best set to discriminate among Hudson, Chesapeake, and
Roanoke stocks were (in order of importance as established by stepwise
linear discriminant analysis): (1) the ratio of snout length to inter-
nostril width; (2) the ratio of the distance between the first annulus
and second annulus to the distance between the foc:s and the first
annulus; (3) a character index, defined as the sum of the number of
rays in the left and right pectoral, second dorsal, and anal fins;

(4) the number of upper-arm gill rakers (including rudimentary rakers);
and (5) the number of scales along the lateral line. Although there is
not any direct correspondence between our 14 variables and the five
variables selected by Texas Instruments, it is apparent that snout
length, internostril width, distance between focus and first annulus,
distance between first annulus and second annulus, and number of rays

in the various fins are the most discriminating morphological characters
in both analyses.

Confusion Matrix

The confusion matrix for the spawning-stock data is given in
Table 4. Of the 136 striped bass from the Hudson River, 28 (21%) were
misclassified to the Chesapeake. Of the 153 striped bass from the
Chesapeake, 30 (20%) were misclassified to the Hudson. These misclassi-
fication percentages are higher than might be desired, but they are
somewhat lower than those obtained by Berggren and Lieberman (1978).
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Table 3. Variables included in the discriminant function

16

using stepwise discriminant analysis

as determined

Variable
number Description Fa
1 Snout length 55.0
2 Fork length 49.3
3 Number of rays on left pectoral fin 12.3
4 Distance from focus to first annulus of scale 10.2
5 Distance from first annulus to second
annulus of scale 10.5
6 Product of number of soft rays on second
dorsal fin and number of scales along
lateral line 5.88
7 Product of nunber of rays on left pectoral
fin and nur. - of scales along lateral line 4.98
38 Internostri1 width 4.86
9 Product of number of rays on right pectoral
fin and number of upper arm gill rakers
including rudimentary rakers 3.61
10 Product of internostril width and number
of upper arm gill rakers including
rudimentary rakers 3.53
11 Product of number of soft rays on anal fin and
head length 3.78
12 Square of number of soft rays on anal fin 5.12
13 Square of number of soft rays on second
dorsal fin 3.12
14 Product of number of soft rays on anal fin
and internostril width 3.87

dfF = value of the F statistic to remove a character from the

discriminant function.

The larger the F value, the more important
that character is as a discriminator between the two stocks.
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Table 4. Confusion matrix for the spawning-stock data

Classified?
Actual Hudson Chesapeake Total
Hudson 108 28 136
¢11 = 0.79 12 = 0.21
Chesapeake 30 123 153
¢21 = 0.20 ¢22 = 0.80

d¢ij = number in row i and column j divided by the total
for row 1.

Their values were 23% (39 of 168 fish) of the Hudson fish misclassified
to the Chesapeake or Roanoke, and 32% (74 of 232 fish) of the Chesapeake
fish misclassified to the Hudson or Roanoke.

Some of this misclassification is undoubtedly due to real differ-
ences in characteristics between stocks being confounded with differ-
ences in characteristics due to sex and age. For example, when we
repeated the analysis using only five-year-old males from the Hudson
and Chesapeake spawning stocks, only one of 17 Hudson fish was
misclassified to the Chesapeake (6%) and only two of 64 Chesapeake fish
were misclassified to the Hudson (3%). The reason for selecting
5-year-old males for this example is that sample size was largest for
this sex-age combination (Table 1).

Estimates of Relative Contribution

Spawning-Stock Data

The error in the discriminant function method and the maximum
likelihood method in estimating the relative contribution of the Hudson
stock was evaluated by examining the avsolute value of the difference
between the estimated and true fractiona! contribution in the spawning-
stock data by sex-age combination, by age, by sex, and overall
(Table 5). Neither method results in a consistently smaller error than
the other. Error varies with sample size as expected; the larger the
sample, the smaller the error tends to be. Except for 10- and
11-year-old males (sample sizes of 15 and 10 fish, respectively), the
error is less than 10%, and for one-half of the twelve sex-age combina-
tions it is less than 5%. I[f this study is repeated, we recommend that
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length categories and minimum sample sizes for each sex be selected to

minimize the chance of errors greater than 10% for the spawning stock
data.

Ocean Data

Estimates of relative contribution of the Hudson stock to the
Atlantic coastal population of striped bass north of Chesapeake Bay
range from 0 to 79%, depending on year class, sex, and method of esti-
mation (Table 6, Fig. 2). The results indicate that (1) there are
marked differences among year classes, (2) the relative contribution of
males may be higher than that of females, and (3) the two methods of
estimating relative contribution give similar results.

Because 85% of the striped bass in the ocean sample were female
(Table 2), it is appropriate to pay particular attention to the 61
values in Table 6 for females. The two estimates for 10-year-old
females are between 40 and 50%, suggesting that the 1965 year class
from the Hudson was relatively strong. The two estimates for 10-year-old
males support this conclusion, although the estimates are based on a
sample size of only trree fish, The estimates for 6-, 7-, and
9-year-old females are all less than 10%, and these estimates are based
on reasonably large sample sizes. The estimates for 7-year-old males
are also low, consistent with the estimates for females. The estimates
for 6-year-old males, however, based on a sample size of 25 fish, are
approximately 30%. This result suggests that the relative contribution
of males from the Hudson may be higher than that of females, a finding
which is supported by a 6] value for males (averaged over year
classes) of approximately 20% versus 10% or less for females (Table 6).
The two estimates for S5-year-old males are relatively low as expected,
due to the dominant 1970 year class in the Chesapeake. The contribution
for 5-year-old females was undoubtedly lower than 10%, since this
sex-age combination dominated in the Texas Instruments ccean data,
which in their analysis yielded a relative contribution for the Hudson
of 6.6% (Berggren and Lieberman 1978, Table 5, adjusted estimate). The
finding that the two methods give similar results is reassuring, but
not unexpected, in light of the estimates in Table 5 for the spawning
stock data indicating that the two methods give comparable results.

That the relative contribution from the Hudson varies is to be
v4xpected, since the historical record does not indicate a marked
tendency for dominant or weak year classes to occur in the Hudson and
Chesapeake simultaneously (Florence 1980, Klauda et al. 1980). What
our analysis contributes is an indication of the range of variation,
which appears to be from less than 5% to as high as 40 to 50%. The
upper bound is less certain than the lower bound because sample sizes
were small for most year classes for which the relative contribution
from the Hudson appears to be hich.
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we recommend for the next study that the sampling design for the
spawning stocks be modified to include more length categories
and/or more fish per length category for each sex.

7. We recommend for the next study that measurements be made on only
the morphological characters that are the best discriminators.
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