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ABSTRACT

Each year pound nets fished in the ocean off the coasts of New York and New

Jersey catch large quantities of shad. The majority of t,hese fish are believed to

be native t,o the Hudson and Connecticut Rivers and therefore, these catches should
be considered in any management plan for the two riveI'll. To establish a manage~ "."

ment plan which would include the ocean fisheries, estimates of the racial composi­

tion of this catch Illust be made.

In this paper an ~tnalysis of some meristil' counts for shad is present;ed to support

the racial theory. Samples were examined and it. was found that the meristil'
counts used could be consideJ'ed representative of the populations. An analysis

of variance of the chamcters ga\'e eddcnce for the existence of races.
A discriminant function is pre;,;ented whereby a mixed sample of Hudson nnd

Connecticut River shad can be separate"d. Meristic data collected from Hudson
River shad in 1939 and Connecticut River shad in 1945 are used to construct the

discriminant function. The mean value of this function for the Hudson Rivel',

1939, is 74.103 and for the Connecticut River, 194,), is 70.940.
;

The discriminant function obtained will correctly classify approximat.ely 81

percent of a mixed sample of Hudson and Connecticut River shad. Meristic data

collected from the Hudson River ill 1940 were substituted into this discriminant

function and out of 105 fish, 16 were ineorrectly classified; this is in good agreement

with the theoretical 19 percent misclassificat.ion. The Jltuub',r of misclassitications
can be considerably reduced "if the indh'idtutls falling close to the mid-point between

the t.wo populations are not classified. By refusing to classify about one-half of

the sample, t.he number of wrong classifications is reduced to 3.7 percent. Several

methods of estimating the population composition of a mix(~d sample of shad are

presented.

IV



SOME USES OF STATISTICAL ANALYSIS IN CLASSIFYING RACES OF
AMERICAN SHAD (Alosa sapidissima)

By Donald R. Hill, Fishery Research Bioloiist, Bureau of Commercial Fisheries

---------1------- ------

I Catch for Connecticut River estimated by a factor of 3 pounds per 6sh.

TABLE l.--Total shad catches and estimated fishing rates
.for the Hudson and Connecticut Rivers/rom 1998 to 1951 "

Hudson Rh-er IConuectlcut River

and tagging expe.ririlents, the size of the runs' in
previous years was determined for each river.
Table 1 shows the size of the catches for the two
rivers for 1938-51 and the calculated fishing
rates for each. of these years. These catches
include only the fish taken in the rivers and not
fish caught in the ocean.

46.1
43.4
33.5
32.8
34.2
44.8

, 56.1
70.3
81.9
81.0
73.5
69.6
58.8
56.7

3;6
332
278
364
344
478
636
651
800
657
532
392
231
303

Catch I Fishing
(1,000 rate

pounds) (porCl'ut)

74.3
69.9
tI;.2
68.4
68.3
it. 0
76.3
64. ;
i8.6
79.0
;6.3
;4.3
70.9
46.0

Catoh Fishing
(1.000 rate

pounds) (percent)

Year

Through an analysis of data on scales of 6-year­
old shad from the Connecticut River, Fredin
(1954) found for shad an extraneous mortality of
about, 40 pe':cent occurring outside the river fish­
ery. This was nearly ns great as the fishing mor­
tality in f,lIe river. He suggested that the pound
nets in the New York Bay area and along the
New Jersey coast could be the cause of some of"
this mort,a.lity. The number of p!lund nets in
operation inc~'eased from 144 in 1946 to 180 in
1950. For these same yea':s, the estimated popu­
lations (estimated by a regression analysis of
escapements in previous years) were higher than
the populations cal«ulated from the catch-and­
effort data. Fredin stated that the increase in
pound-net effort may account for these deviations.
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1938_ ____ ____ __ __ ______ 2.4li
1939______________________________ 3.103
1940_ ____ ___ ________ _____ _ 3,036
1941.. _ ________ ___ ________ 3. 112
1942 .__________ 3. 1M
1943_____________________________ 3,18.;
1944 .__________ 4.175
1945 • 3.545
1946_____________________________ 3.2;4
194; .______ 2.046
1048 .. _ 2,461
1949 • __ 2.038
1050_ _ ____ ___ __ ______ 992
1951___ ___ __ ;55

STATEMENT OF THE PROBLEM

NOTE.-Appro\"od for publioation Doccmbcr4, 105;. Flsh~r)· Bulletin 14;.

St.udies of the shad populat,ions of the Hudson
(Talbot 1954) and Connect.icut (Ft'edin 1954)
Rivers have shown the effect of fishing effort
on catches made in subsequent years. As a
result of analysis of cateh-nnd-effort, st,lttistics

The commercial catch of AmeJ'ican shad (Alo8(£
8ap1~di88i1na) has dedined since the beginning
of the twentieth cen'tury. In 1950 t1 study of
this species was undertaken by the Fish and
Wildlife Service acting as the primaJ"'y research
agency of t,he Atlantic States Marine Fisheries,
Commission. The objectives of the investiga:.
tion were t,o determine the causes for the decline
in shad abundance, determine condit,ions favoring
recovery, amI provide basic. information so that
the fishery can be managed to obtain optimum
yields.

Most Amcricltn shad 'lnmled on the Atlantic
coast arc cn.ptured in rivers; however, pound
net,s fished off the coasts of New York and New
Jersey take l,trge numbers of them each sp~'ing.

The racin.I origin of these fish must 'be knO\\'J.1
for the intelligent mnnagement of the species.
In this study, use is made of meristic counts
for shad to separate two races or populations.

Meristic data were collected under the super­
'vision of LOllelln E. Cable of the U. S. Fish nnd
Wildlife Se1:vice. Grateful ncknowledgement is
made to G. B. Talbot" Chief, Middle At.Ialltie
Fishery Investigations, for supplying these data.
nnd reviewing the manuscript, to C. H. Walburg
in preparing the manuscript for publication, to
T. M. Widrig and D. D. Worlund for suggestions
concerning the estimat,ioll of relative nbundance;
and to T. A. Bancroft of the Stitt,istical La.bomtory,
and K. D. Ca.rlandei· of the Zoology Department,
Iowa State College, fot' numerous suggestions.



I Unpublished data, U. S. :Flsllerl" Lat",mtory. neall/9ft, ,:' c.

H lldson River.. .. ____________________ 9
Connecticut River_______________________ 24
B:ty of Fundy __ .. .. " __ ~ _.. _________ 1

Shad hnve been tngged off Stat.en Island, New
York Bay, in several differen t :renrs, and the
following table gives the rec~veries from these
experiments in which a t.otal of 1,380 shad were
tngged.

H lldson River .. . __ . __ 448
Connect.icut River __ .. . 24
Delaware River . . _____ 5
Chesapeake Ba~' .. _ 1
Long Island_ .... . .____ 5
New Jersey Coast._ . 1:3
Bay of Fundy .. . . __ 3

These tngging experiments furnish us with some
information about the composition of the popula­
tions in these three arens. Most of the shnd
tngged on the New Jersey coast migrated into t.he
Hudson River. Similnrly, a major part of t.hose
tagged off Stat.en Island were recaptured in the
Hudson River. On the const of Long Islnnd, most.
of t.he fish t,agged were reenpt.ured in the Conneet.­
icut River. Very few of the fish tngged in these
nreas were recnptured in other major shnd rivers.

The t.a,g ret.urIls could be used in conjunct.ioll
wit.h t.he catch stat.istil$ of the various nreas t.o
est,imate the composition of the catches. They
.have been of considerable vulue in showing the
gene1.'al composition of t.he catches in t.he fl.r.en~

under 'question, .and it is apparent that t.hese
ca.tches should be ineluded in nny annlysis of the
catch and effort st.atistics' fm' either river. Any
increase or deerease in effort in these areas will
be reflected in the number of shnd entering the
rivers.

Unfortun~tel'y, coIl.1plete cntch nnd effort stll,­
tistics are not. nvailable for t.he New .Tersey pound­
net fishery, so it. is impossible to compare direetly
pnst pou~l(l-net catches and mortality rat,es of
Hudson or Connecticut River shad. However, n
research project could be designed to show whnt
effect pound-net cntches have on these mortality
rates. This could be done by dividing the pound­
net fishing areas into a number of geographical
st.rata. For each stratum the total catch and
effort would be needed. It would also be neces­
snry to estimnte t.he composition of this eatch (for
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In the same year 97 shad were t.agged off' Fire
Island Inlet, Long Island, N. Y., nnd were recov­
ered in the following nreas:

270

He made the following st,at.ement. a.bout. t.hese
pound-net. cat.ches: (p. ~58)

The relation between pound-net catches and deviations
from t.he expected populations in the Connecticut River
cannot be fullv evaluated at this time because the extent
to which the Connecticut River shad contribute to these
pound-net catches is not known. Additional tagging
studies conducted in the areas where pound nets are fished,
would enable us to determine the effect of this fishing on
the Connecticut River shad runs. The causes of the
extraneous-mortality rate must b~ taken into considera­
t.ion in a management program to restore the Connecticut
River shad population to the level of abundance which
it held in t,he early 1940's. ,

The ext.ent. of the shad fislu'Ties in New York
Bay nnd nlong the Long Island and New .Jersey
coasts can be seen from t.he 1945 ca.tehes of shad
reported by the U. S. Fish llml Wildlife Service
(949). Totnl catches in pounds, by county, are
tPven south to north from sout.hem New .Jersey
t.o Long Island.

Atlantic Co., N. .L ___________________ tiO. iOO
Ocean Co., N. L c_____________ ti90, 900
Monmouth CO.. N. J I, li3, 600
Suffolk Co., L. I., N. Y. ... 217,000

This t.otal New .Jersey const, Long Island, and
N ew, York Bay cat.ch is about. two million pounds
while t.he combined t.ot.a.} cat.ch for the Hudson
nnd Connecticut Rivers is nbout. 4.~ million pounds
for the same yenr. Of course t.he composit,ion~f

this New Jer~ey cntch is t.he basic problem. If
it is primnrily' shnd from southern l'ivers, this
catch can be disregurded in the mnnngement. of
the Hudson and Connect,icnt. Rivers. Conversely,

'if t.his cnt.ch is predominnntly Hudson and Con­
necticut Riv~r ~had, it. must. be considered in nny
management pro'gram because it represent.s one-
third of the t.otnl fishery. .

The Fish nnd Wildlife Service hns 'carried out.
some tagging experiment.s 1 in the areas under
consideJ·at.ion. An exaJl1innt.ion of .these tag re­

,t.urns can supply n 'pntt.i:al soh~t.ion to the compo­
sition of these three entches. In 1945, 1~5 shad
were tagged at Seaside Park, N. J. The following

, nreas and numbers of recapt,ures were reported:
Hudson River. .. ________________________ 20
Connecticut River. ._ ___ 3
Delav.rare River__ ~ ·__ 2
Chesapeake Bay_________________________ 4
New York Ocean ________________________ 2
New Jersey Coast . _______ 5
Maine Coast_ ________________ ___________ 1
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example, 70 percent Hudson shad, 30 percent
Connecticut shad) for each stratum. From these
q:uantities, the entire pound-net catch could be
divided into two parts, Hudson River shad and
Connecticut River shad.

Obtaining t,he total catch and effort statist.ics
is rather straightforward and' not expensive, but,
estimating the compositions of the catches is
much more eomplex. At, the present time, this
would have to be done by tagging experiments.
In each stratum, a number of shad would be
tagged, preferably at various times thro,ughout the
season. if" the fishermen are personally inter­
viewed to obtain tag returns, the coverage on the
two rivers should be equal. Even the fishing.
rates for the two rivers should be the same or
some adjustment would be needed to place them
on the same level. As a result, the problem of
estimating the composition of a pound-net catch
becomes complex and expensive when two river
systems are canvassed for tag returns,' nnd the
tagging is done several hundred miles from the
rivers.

This is one of many fishery problems where it
would be advantageous to obtnin a sample of fish
and classify them according to the river system
to which they belong. If this were done accu­
rately, samples of fish from various strata could
be obtained, and each fish could be assigned to
the proper river. The composition of this sample
would be used to estimate the composition of the
stratum. The remainder .of this paper will in­
vestigate the statistieal techniques applicable to
this problem.

SOURCE OF .MERISTIC DATA

Races (populations) of fish can often be sepa­
rated through the use 'of body measurements or
meristic counts. If som~ of t,hese counts or
measurements are sufficient.ly different for two
populations, it is possible to classify the in<li­
viduals in a sample and estimate the ~'elative

abundance of each population in an area by the
composition of the sample.

A large number of morphological data were
collected on the American shad, both juvenile and
adults, by the Fish and Wildlife Service between
1939 and 1945. Data on twenty-five different
characters we·re collected from each fish. They
were defined as follows:

MID-CAUDAL LENGTH.-Tip of snout to end of
shortest rays between lobes of .caudal fin.

TOTAL LENGTH.-Tip of snout to end of longest ray of
caudal fin.

STANDARD LENGTH.-Tip of snout to branching of
urostyle (modified vertebra). .

DEPTH.-Longest measurement from dorsal to ventral
profiles (in front of dorsal fin).

THICKNESS OF FISH.-Measllrement from left to right
through thickest part of fish.

CAUDAL PEDUNCLE.-Shortest dorsoventrltl meas­
urement of tail anterior to caudal fin.

HEAD LENGTH.-Tip of snout to posterior margin of
opercular bone.

SNOUT.-Tip of snout to anterior margin of eye socket.
EYE.-From anterior to posterior margin of eye socket.
INTERORBITAL.-Across top of heaq. from dorsal

margin of one eye socket to dorsal margin of the other
eye socket above pupil of the eye.

MAXILLARY.-From posterior margin of maxillary to a
vertical from tip of snout. .

LENGTH OF DORSAL AND ANAL BASES.-Froll1
anterior margin of base of first ray to posterior margin of
last ray.

LENGTH OF PECTORAL.-From articulation of first
. ray to tip of longest ray.
SNOUT TO DORSAL.-Tip of snout to articulation'of

first ray of dorsal fin.
SNOUT TO ANAL.-Tip of snout to articulation of first

my of anal fin.
PECTORAL TO VENTRAL.-From articulation of first

ray of pectoral fin to articulntion of first ray of ventral
fin.

VENTRAL TO ANAL.-From articulation of first ray' of
ventral fin to articulation of first ray of anal fin.

ANTERIOR SCUTES.-All scutes having processes in
front of ventral fins, including the scute between the
fins which does not a.ppear to have a process. It is
beneath the process of the preceding scute.

POSTERIOR SCUTES.-All scutes posterior to ventral
fins.

VERTEBRAE.-Urostyle included in count.
DORSAL RAYS.-Last undivided ray counted with

divided rays, other undivided rays separate.
ANAL RAYS.-As for dorsal rays.
PECTORAL RAYS.-All rays on left and right sides of
~~ .

GIJ"L RAKERS.-Only t.hose on the -lower limb of the
first gill arch counted (at the bend of the arch, the bases
of the rakers of the upper arm point in the opposite
direction from those o{ the lower arm).

SCALES.-Oblique rows from the upper end of opercular
slit to base of caudal fin. Horizontal. rows from the
median dorsal Jim: .to ventral sClltes but not including
either.

Since there were numerous rivers involved and
samples were taken for several years from some
rivers, analysis -using all the data would become
exceedingly complex. Table 2 gives the location,.
year, and nnmber of adult specimens examined.
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TABLE 2.-Summary of areas fro1/! which meristic data were.
collected 0 n adult /1 meriean ,!had

11'ho flgu,'es represent the numher 01 sh,ul in cRch sample. Dalll wen' nut
complete lor ,lll meristic (.h"raclers in an samples]

_-I. rca' 1938 W:19 1940 1941 194~ 1Y43 IY44 104ii

--------1----------------
Connecticut Rivcr __ .__ 101

Hudson Rivel (N, Y.)_ ._.___ 104 105 102 . _
Maurice River (N. J.l._ lUll
Delaware Rlver__ . .• . .__ 68 _
Chesapeake Bay....... 105 100 102 . .. ._
Alhemarle Sound .
. (N. C.l---- __ ._______ 12; 124 85 : . _
Edisto River (S. C,).__ iiO 99 99 91,\ . _
Ogeechec Rh'el' (Ga.l.. • 50 . .
St. Johns Rive" (Fla.)_. 45 100 1116 • _

This' paper will not include n complete nnalysis of
the data aVll.ilable. It is hoped that t.his prelim­
innry analysis will show that a complet,e analysis
would be warrnnted, and that further research
along these lines would be fnii t.ful. No anal)'sis
of the informllt,ion on the juveniles has been
att.empted, hence t,here is st.ill much to be lenrned
by. combining this wit.h the dnt.a on the adult,s,

REPRESENTATIVENESS OF THE SAMPLES

The need for separation of races of fish is'
apparent, However, before rnces cnll be sepa­
rated, it. should be established t.hat t.hey are
present. Tagging experiments have heen offered
as the best evidence ~upport.ing the t.heory of a
separat.e race of shad in each At.lnnt.ic coast. river.
In numerous tagging programs cnrried out, by the
Fish and Wildlife Serviee, few t.ogged shad hnve
been recnptured ill rivers other than the one ill
which· they were togged. No shad tagged on t.he
spawning ground of one river system' has ever
been recaptured on the spnwning ground of
another river. system. 'fhe operation of the
homing instinct may not be 100 percent. for shad,

.but examinat.ion of. t.ag ret,urllS indicates thnt. t.he
percent.age is very high.

If there is_.a race of shnd in each river, 'thnt. is,
a group of fish aud t.heir offspring which return to
the same spa\vning arell, year aft.er year, the fish
within a river should be .more like one another
than to the shad from other rivers. This could
be expeeted because of environmental differences
or .genetic isolation. Conversely, if the spawning
ground of each fish is determined by a completely
random process, a single homogeneous shad popu­
lation would be expected, Therefore, if consist.­
~nt differences between shad in the severnl rivers

Clill be found for some measurnble chnracters, this
c-a,n be used noS furt,hel' evidence. t.o support t,he
race theory.

Before proceediug wit,1t ttll nttempt to verify
this t.heory, one n,ssumption should be invest.i­
gat.ed. If the available dat,a are t.o be used to
establish differences between rivers, it is essent,inl
t.hat the samples be represent.ative of the various
populations. It. is impossible to assume that.
these nre random samples, because the shnd fisher­
men know that t.hey can cont,rol the size of fish in
their catches by changing the mesh size of t.heir
nets. They know that if they fish a 5%-inch
stret,ched-mesh gill net., they will catch large-roe
shad, and if they use a 4% - to 5-inch stret.ehed-mesh.
net, they will cat,eh proport.ionat.ely more small
shad of both sexes. This select.ivit.y oceurs with
drift., nnchor, and stnke gill net.s. Pound nets
and haul seines may he much less seleetive, but
if the gill nets are catching large fish nnd per­
mit.t.ing ~maller ones t,o escape, t,he populntion
being snmpled by the hnul seines is not the tot.al
populntion of the river, but. the total population
minus t.he fish removed by gill net.s, The result..
of course, would be nn excess of smaller fish in t.he
hnul seine snmples.

Since it is known tlmt. some fishing geltr t.ellds
to seleet. fish by length (and all eorrelat,ed mens­
urements such ns depth nnd thickness), it cnnnot
be assumed that. the samples are random. How­
ever, this selectivit.y may take place only in the
size of the fish in t.he samples and not in some of
the ot,her chal'neterist.ics. If the number of rnys
ill t.he .peetornl fill is being investigated, the
sfunph~s mo,y be ]'eprescnt,:1.tive of t.his chal'aetlw
even if t,here is select,ivity of size. This would be
t.rue of nny ehnrnctcr' which is not correlnt,ed \yith
length. Thcl'eJore, the ehnraet.eJ's were t.est,ed'
foJ' l1. cOl'J'elat,ion wit.h leilgth and if 110110 was
found, t,he samples were considered 'represent.ative.

In examining t.he catehes of shnd ill the St,.
Johns River of 'Florida and t,he COlluee-tieut
River, it. is nppnrent. that. the shl1.d ill the Con nee­
ticut, n\'e larger. Some of t.his enn probably be
explained by the differellce in the age dist'\'ibutiolls
of t.he two populations. Cnn these age distribu­
t.ions be used in separat.ing raees of shad? The
author feels t.hat, t,hey C8,nnot. be used, since they
will fluct,uate from yenr to year with changes in
fishing effort and cat.ches. Age and length are
eorrelnted, and t;his is allother renSO}l for excluding'
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TA BLE 3.-Ile({ression analyses In te,~t /IIerisli,: chal'aclers
for corrr/ntion with. length

~. 6(1) :f. :::. 97
(1.1)51)

:1. 431 '4.41
U. ii8

J. 425 2.15
U.I)64 0 __._

n.I)f12 0.005
11.422

11.1\44
1.1.::'112

IJ.002 1l.1.I02
1.11:17·

81l1n of Me:m I F
squarC's squal...}

1 1.425
~S ti.~.lJ7.~

1 :l. 431
\ll~ 80.1)89

1 . 2.t~.l1)

1O:! 1)1). 9~5

In" 43.849

1 11.1;44
1113 411.34ti

11'14 40.9911

104 . 102. 5:13

elf

1 l. 270 1. :!70 2.Vl·
111:l 44. (1.58 0 ....~~I)

---_.-
104 4~. 228

------
I 1.241 I. 241 ~. :~:~

104 .'\..5.29. 0.532-------
IOf, .56.•538

--------
I 0.180 11.1811 0.4.;

U~f 3~1.8::!O n. 4n~
--------

lOll 41.1.1100
---- -----

1 n. :!:lli II. 2:~6 11.41;
1lJ:1 52.:W) II. ,;1)8

--_.---
1lJ4 52.541:;

=== ------
1 0.024 1.1. n:u. 1).44

\IB ~7. 176 O. .;sO-----_.
11.15 .5i.201.1

---- ----
\ :!. :1110 2.:MI :;.71

W (i:~. :-;110 11.1)44
---- ----

\llli l)ii.19n
====----

I O. J.;1 n.!!:.! 0.15
103 1O~. 38'::! 11.994

Total. ~ _

C.OXXECTICFT RI"ER. 1945Regrl'ssioll _
DI~viation from I"I~gTession _

1'01.,,1. ' _

BUDSOX RIVER, 1940Regressioll. ~ _
Deviatinn (rom l"l'gTl'ssioll _

Tot-al _

1'01.,,1. - _

'l\ltilL_______________________ __ 97 71:i.la2

TotaL_________________________ 1lI4 g:l. 5~.o

PECTORAl. HAYtl

Hli[lSI)~; RIVER, 1940
RE'grl'ssiCIIL _

DlwiatiolL rrom I'l~gl'l'ssiun----------

Footnotl' at riml (.f tabh'.

llFDSOK RIVER, 1941
.Regressit"' ' _c_________________ I 2.381;

. Dl"'vint.ion from 1'1.'gl·l'ssit.IIl .___ Ul) i:t 746.

=---====
ST. .T0H~.s RIVER. 1~)4U· I

R~g1'('ssinll_________________________ 1 1l.002
Dc:-\"intion from n)~rc:,s.')ioIL--------- 104 43.847

SIJUI'('i..' of '":J.l'iatirJIl

(jOS"S"ECTlCUT RlVER, UJ4.)
Rt:'gre:ossioIL . _
De\'iation fl"0111 1'1·~I·I.lssil.ln----------

'fnt.aL _

AXAI. H~\'\'~

TotoL _

AXTERlOR SCUTES .

Tot"I. _

POSTEIUOR SCliTES

llul,sox ~I\'ER. 1940
Regl"p.ssIOH _
Deviation fl'om I"l'gn'ssioiL _

Tot,d .• __ .. _

CnXXECTICl.'T RI\'J!:H. 1:).J:[.Regressi(tn _
Df:'viat.ion from fl·gl'l,$silll1 _

1'01,,1 - _

ST. JOHXS RIVER. 19411
Regressil'IL -- ------ --
Dcvhltinn (,"om l"f'gl'(lssii)Il _

Total ~ _

HUDSOX RIVER. 1941)Reg:n.·ssiolL _
~ Devhltioll from regl'f'SSiOIL: _

'rotal _

ST. ,10llX8 RIVER, 1940Regression _
Deviation £1"(nn t'e.g:n'sslI1Jl _

ST. JOHNS RII'ER. \\140 IRl'gressi(IIL .. __ __ ] n.002
D(·\·i~lti(ln fl'um wgl"l~ssion ~~_ ~~~=-

'r(,faL_________________________ 10;' 1(1). ;fl4

RUDS(I:;";- RIVER, HHU
Regl'essiOIL ~ _
Deviat.ion (rCIIl1l'l\g:I·l'SSlOIl _

VEKn:BRAE

~ Hl;rl80~" HI\'ER, 19:{{4Regression _
Dc:-vintion rrolll l"('gl"'~s5ion _

lengt,h .and all correlat,ed characters from (l.uy.
1'tlcinl inves·tigatioll.

The choice of characters t,o be used 'in invest.i­
gating races of shad was evident. To f\.void t,he
difficulties presented by selectivity of the fishing
gear; those eharactel~s which are correlated with
length were not considered. Thus, depth; thick­
ness, weight and all of the other body measure­
ments were eliniinated, because they increase as
the fish grows. Ratios of two such measurement.s
will nlso be related to length, unless these two
measurements inerease at the same rate through­
out, the growth of the fish. These ratios have
not been investigated because it is doubtful that.
this condition exists, particularly when both
juveniles and adults are considered. Scatt,er­
grams of gill rakers nnd length exhibited a para­
bolie relat,ion· and were therefore _eliminated.
Senle counts Juwe not been included because
lIot.ations on the datn sheets indieated thllt some
of the scale counts were questionable. Of the 35
counts and measurements, all were diminat,ed
for the above rensons exeept. 6 meristic counts
(anterior sentes, posterior seutes, dorsal rays,'
annl rays, peet.ol'n.l rays, and vert,ehrae) ltlld these
were tested. for cor~'elations wit,h length before
t.hey were used in any anl1lysis.

Anl1lysis of vl1riance tables for the regression of
these eharaeters on length have been calculated
for some of the snmples. The assumptions neces­
sary for this l1nalysis are: (1) For eaeh length, the
ehnracter is normally distributed, (2) the vnriance

~ of the eha.mct,er is homogeneous for each lengt,h,
a,nd (3) for each lengt,h interval, the samples are
random. The va1ues of F needed to test for a
regression of the chamct,ers on length fl.re given
in the last column of table 3. F with 1 and 100
degrees of freedom is equal to 3.94 at the 5 percent
level l1nd 6.90 at the 1 percent level. There Ill'e
three significant regressions in this table. Two
of these regressions nre for vertebrae in the Hud­
son River smnples of 1939 and 1940. It. is inter­
esting to 'note t.hat, the F-value for vert.ebrae in
tlu.\ 1941 Hudson River'sl1l11ple is also high (3.11)
but not. significant.. 'fhis signifiel1Jlce does not,
occur in any of the other t,hree samples which
were t.est,ed for a regression of vert,ebrae 011 length.
Of cOli;se, this is not enough evidence in it.self to
sny that it is n raeinl difference bet,ween the popu­
lat.ions, but it raises the quest,ion ns t.o why this
difference occurs for t.he Hudson River samples

4 iG2GO-50·--~'
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TABLE 3.-Regression analyses to test lIIe"istic char/!'cters
for correlation wi/h length-Continued

It has been shown that none of the six char­
acteI's: an,terior scu~es, posterior sClItes, dorsal
rays, anal rays, pectornl rays and vertebr,te,
exp,ibits a consistent correlati'on with length;
therefore, we can place a certain degree of confi­
dence in treating the samples as representative.
In the previous section it was pointed out that
consistent differences between rivers for some
measurable characters would support the racial

and not for the St.•Tohns and Connecticut River
samples. 'rhe other significnnt F is for the regres­
sion of dorsal rAys in the St.. .Johns River sample of
1940.

This, regression' nnalysis of samples from the
'Connecticut River, Hudson River, nnd St: .Johns
RiveI"shows that none of the six charaeters has a
consistent correlation with length. ~ It. is difficult
to explain the regre$sion of vertebrae on length
for the Hudson River sample. This is also true
for dorsal rays in the St.. Johns River sample;
however, with 19 regressions tested, three signifi­
cant values is a small proportion. Since none of
the charactel's is' consistently correlated with
length, the available samples were considered
representative even though they are not rand?m.

STATISTICAL EVIDENCE FOR THE
EXISTENCE OF RACES

1 0.002 0.002' 0.002
41 39.440 0.002 ,, _

theory. This can be st,udied by setting up t,he
following mathematical model:

Y IJk=J.l-\-al+I3J+ (amlJ+ElJk

where Y ljk , is the character under study, J.l is
t,he general inean, al represents the contriblition
of the'ith river, I3J is th~ contribution of the jth
year (year caught), and (amlJ is an interaction
of ~-ears and rivers. The EIJk is an, error term.
The a" I3J' (a{3)'j, and ElJk are all assumed to be
normally and independently dist,ributed with
nleans zero and varianee 0'1., u~, 0'1.'\.... and 0'2,

respectively.
This model could be ehanged so that the jth

dassification stood for year class, but this neces­
sitates ,knowing the ages of all the fish .in the
samples. A model of the latter type may have an
advantnge, .sinee differenees between yenr classes
would not be averaged as they are with the above
model. Unfortunat.ely, the present dat,a do not,
inelude ages, hence the, mo(fel indieated will be
'used. This will ill no way invalidate the eon­
clusions, but grouping b~r year class might be
a refinement that would prove valuable.

The racial theory ean now be investignted
more fully. Using the above model tlnd suit,able
dll.tn, several hypot,heses can he test,ed which
may give added support .to this theory.- Fit'st. of
all, au interact.ion of years with rivers (Ho:uiw=O)
can be t.ested, next n test of differellces bet.ween
years (HI :u~=O), and third, a test for differences
het.ween rivers (:fI2:U~=O). If Ho and HI can be
accept.ed while H 2 is reject.ed, the C?onditions'
neeessary to support the race theory are present.

These hypotheses and their relations to the
preSel)t problem will be explained in some detail.
The first one, (Ho:u~y=O), is a test for an inter­
action between rivers and ,veal's. This int.er­
action could best be described by assuming thnt
t.emperature is a fact-or in determining the Humber
of vertebrae of young shad. If there were a
witI'm spring on a northern river and a eold
spring on a southern river in 1953, and just, the
opposite in 1954, there lilight be produced the

\ following average number of vert,ebrae for shitd
from the two rivers:

Year INo~thl'rn IS;lllth~rn
rive.. river

1953 1~-1 56.3
1954_______________ 51;.2 55.8

3.6511 ....1",.71
0.544 _

0.001' 0, ou~
0.568 •

0.115 0.1;,
0,072 _

1).684 0.5(1
1.35;

I
Sum "f I Mean F
sqU:lrt:'s squ31'e

, .--------

1 0.684
911 134. :116

42 39.442

105 70.057Total _. ._• • _
==

_--,-S_(JI_ll"CC_'_O_fv_a_ri-,at,--iO_I! 1 df

_____ i

TotaL , 1 105 I UU.2.'IO

COKNECTICUT RIVER, 1945
Regl'("s~il)n _
Deviation from regl'.ssion _

TO!.:lL :______________ HlO 1:15.000

TotaL________________________ 104, 58.5.33

NOTE.-Aste,risks denote significant.

DORSAL RAYS

HlrDSOK RIVER. 1940Regresslon______ __ I 0.001
Deviation from l"(·grcssion ,_ 103 58.53,2

ST. JOHl\S RIVER, 1940
Regression.________________________ 1 3.1;50
Devi:ltion from regl'l'ssion__________ 104 56.580

ST.•JOHNS RIVER. 1940
Regr_ion_________________________ 1 0,115
Duviation from,regression__________ 104 69.942

VERTEBRAE-Conti.nued

ST, .TOHKS RIVER, 1938. RegressiOlL ._
Deviation from r('gressioll~~ _

-----TO!.:ll ' _
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Po.~TER[OR SCUTES

-------------1--·----------

----------TotaL • • __ •• 239 124.662 • • •

====

TABr,E 4.-A."/llflyses of va1·fan.ee for the meritstic characters
to. test for ?tjTerences between years, differences between
nver8, cmd mteruction between yeCtr8 uncl rivers

F

1.83. 3.72
a.799 007.69
0.051 0.10
0.494

1 1.837
2: 7.599
2 0.101

234 115. 125

dr Sum or Mean
squares square

Source or \'ariation

AliITERIOR SCUTRS

f~~~-~~i;~~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

In t.his situat.ion, one would conclude that, verte­
brae offe.r no evidence for the presence of races,
and most. of the variat.ion is in the form of an
interaction between rivers and years.

The second hypothesis to be tested, (HI :u~=O),
concerns a difference between years. If the
average number- of vertebrae f~r two rivers
_and two different. years were of the follow~ng

magnitude, they would offer no proof for the
presence of races.

. 2. 204 3.49
9. 867 0015.64
I. 117 1.77
0.629 , _

1 2. 204
2 19.733
2 2. 234

234 147.1251~~~~!:i;~f:S~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~.~ ~ ~
'rotal •• •__ ~ --23-9 -li-1.-296--__-._-__-__-._ -__-__ -__-__

ANAL H,\YS ====
57.0

. 57.5

River B

li6.5
57.0

River AYear

1953. _
19M. _

'J'otaL .____ 239 195. 400 . _

.239 223.734 • _

=====

0.07
2.17
0.76

0.006 l1.n9
9. 6IXl ·"'12. 87
0.817 . 1.10
n.745 _. _

0.067
2.029
0.704'
0.932

0.416 I. 20
5.904 0017.01
0.929 2. lIS

.U.34' _

O.OfoG
19.200
I. fi34

174. 500

I
q

2
234

1 0.416
:.1 11. 808
2 . 1.85\1

234 81.1011

1 0.067
2 4.059
2 1. 408

234 218. 200

239 95.183 • ._•• _
=====

----------Tot>}l. _" • • _

VERTEBRAE

NOTE.-Asterlsks denote significant.

this met.hod should be n. good approximation to
the more exact methods.

Analysis of vnrianee t,ables for these five
charaeters are shown in table 4. The F values
for t.esting the hypothesis of no int.eract.ion are
the lower numbers in column five of this t.able.
These range in villue from 0.10 for a.llterior
Selltes t,o :3.68 for pectoral rays. None of thes~
is significant (F2,200=3.04 at the 5-percent lev(1) ,
so t.he hypothesis of' no internction of veal'S and
rivers is l1,ccepted. u·

The F values for testing differences between
years range in value from 0.07 to 3.72.. Again,
t.hese are not, significant (F I ,200=3.89 a.t. t.he 5­
percent level), so the hypothesis of no differences
bet,ween yenrs can be accepted.

The F values for testing differences between
rivers range in value from ~.17 t.o 17.01. The
value for anal ra.y~, 2.17, is not significant. at. the
5·perce.nt, level (F2,200=3.04 at the 5-pel'cent level,
F2 ,2oo=4.71 at the I-percent level); however, the
ot.her four are all signifiea.nt at. the I-percent level,

III this case, the difference from year t.o year is as
large a,s t.he difference between rivers.

The t.hird hypothesis, (H2 :ui=0), to be test.ed
is the one for a difference bet.ween rivers. If t.he
difference bet,ween rivers is not significant., t.here
would be no evidence for the presence of races.
Thus if H o and HI can be accept.ed and Ha re­
ject.ed, the uondit.ions necessary for the presence
of races would be satisfied.

Analysis of variance t.ables wit,h years and rivers
as the two dll.ssificitt.ions were computed for five
of t.he six chal'ncters mentioned above. Dorsal
rays had to be omit,ted because the dat.a. were
incomplete. Table 2 shows that t.here are dat,a
fOl' '1938 and 1939 in four locations: the St. Johns
River in Floridn, .the Edisto River in South Cnro­
lina, Albemarle Sound, N. C., and Chesapeake
Bay. Sillce the snlllpies from Chesapenke Bay
came from sevel·itl different rivers, those dnt.a were
not included ill the nllitlysis. The remaining
three areas were used as one classification, and the
years 1938 il.nd 1939 were used as the other. A
t.o,ble of t.he same size could hnve been constructed
using Hudson River, Albemarle Sound, and
St. Johns data for the years 1939 and 1940.

The vnrious samples nre of tinequal size ranging
from 45 to 127 for t.he 2)(3 t.able. Exact
methods are availnble for the analysis of a 2X3
til,ble wit.h· unequal subclass numbers but they
require 'considerable comput.ing time. Sever~l
approximat,ions are available (Anderson nnd

. Bnncroft., 1952) utilizing the complete dat.a. In
t.his study random samples of 40 fish' each were
drawn from the various samples, avoiding the
difficulties of t,he unequal subclass munbers
(t.able 10, appendi~). With samples of size 40,
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'Pot,al .. • _ 2:~9 124.662 . _

DISCRIMINANT FUNCTION ANALYSIS

TABJ,E 5.-.'1·nal!l.~i~of va.ria-nce with iutcraction tel/l/ pooled
wil.h error I.crm.

(J':!+I:?UI1~'

u'+ 811u~
u'

u'+12t1u~.

112+ SOail
u'

2.204
9. St:i;
o.r,$i

I. 8~i
3. i99
0.488

2.204
2 IU. j3:i

ZiG BU. ;i59

I. 8:li
.) i.599

2:i11 115. 22G

<11 Sum 01 I M~:lll I Expcct~d
squares squUI"l" lucan squ:lJ'C

_~ XTKKIOR SCliTES

Soul'ce or v~ll"iaUol1

nl·t\\·l~~n ~·cu.l's. - -.~----- i------
Bctwl:'cn ri\"cl"s _
]i:rl'III'. .. _

PO&TERIOR SCl'TES

Bt'twcen ~'cnrs . .
Betwl.~~n rivl'l's _
EI'!'or • . _

'1\>1.,,1. ---------.-.-----.- --:;;;- -~;;-I--- 1_ ----------.--

more direct manner thnn in previous st.udies and
hove given further support to t.he raci!ll theory.

whore Xl is the number of anterior scutes, X 2 the
number of posterior scut,es, X g the number of dor­
sal rays, X 4 t.he number of anal rays, X s t.he num­
ber of peetornl rays, and X 6 is the number of

There aioo numerous wnys of using the ditt,n from
meris't.ic counts to eonstruct discriminn:nt. fune­
t,ions. Raney nne! de Sylva (1953) construct.ed

.such a functi~n by adding the number of dorsnI,
anal, nnd pectoral rays for encll fish. They ealled
this n. "eharactor iudex," but aetun.ll~' it is n
simple form of a discriminant function, By plot­
ting a. frequency histogram of this chnr:1.eter indo:\:
for several moeas nnd it series of yenrs, they were
nble to different,iate to some extent bet.ween
striped bass from t.he Hudson River UI1d from
Chesapel1.kc Bay, There wns cOllsidcrabl~\ ovcr­
lnp in t,hese distributions, :ulll if one were presented
with a fish of unknowli origin, it would be difficult,
to I1.ssigl'l. it. to n pUl'tieulnr ]lopulnt,ion wit.h any
certninty, -

.For iilustrat.ion purposes, a discriminant. fUlle­
t,ion of t.his type hns been construeted using linta
on shnd from t,lle Connectieut, River and t.he
Hudson River. It. is unfort.ullat,c t,hn.t. t,he data
for the Hudson River were collected in 1939 and
1940 (t,nbles 11 und 12, appendix) while tile Con­
nect,ieut, dntl1. were collect,ed in 1945 (table 13,
nppendix), but, since it has been shown t,hat t.he
eharnct.ers nre consistent from yenl' ·to year, the
data can be used for discriminat.ioll. The dis­
eriminant function,

While the differences between i'ivers 11re not signifi­
(~lLnt· for anal rays, they nre for the other four
characters, so it, can be safely concluded that
t,hero arc differences from rivel' to river for four
characters.

The F values for differences betweell years are
ril.t,her la.rge for iLnterior scutes and posterior
scutes, ltlld bot,h are sigllificant at .the 10 -percent
level (F1 •120=2.75). At the present t,ime, it, iE'
impossible to say definitely whether there are
differences from yeiLr to year for these two charac·
tel's. It. is apparent t.hat this is one phase of the
problem that should be st.u~lied in more det-nil.
. The fod. that there may be differences from
veal' to vear for some characters does 1I0t disprove
't,he raci·~.l theory. The ma.gnitude of the differ­
ences between yeiLrs relative to t,lle differences
between rivers is the essentiiLl quantit,y to be con­
sidered in this problem". If the differences between
vears arc small in comparison to the differences
i~etwCl'll rivcrs, mees can still be distinguished.
In terms of the model presented on pa.ge 274, the.
l'ivel'-effects (at) should be considerably larger dum
the year-effects ({3J). An estimate of the relntive
lUngnitude of these two effects co,n be obtained
fwm the nnalvsis of varinnce tnbles. Since none
of the intera(;tions was significant, the interaction
menll square has been pooled with t,he error menn
square to ohtain nn estimate of the error (u2).

I t, has been assumed that both the years ll.nd the
rivers are a sample from a large number of years
nnd rivers. Therefore, the al and {3J obtnined from
the data are samples from some larger popuhLtion
of al and {3J which have variance u~ and ufo
.From the mean squares in t~le fourth column
of table ,5, estimates of u~ and u{' can be ob­
t,ained. For anterior scutes: 0-2=0.488, o-f=0.01l2,
and H=0.0414; for posteri,or scutes: 0-2=0.6:33,
u~-=0.0]3], and ui=0.1l54. Thus, the variation
bet,ween years for anterior scutes is about one­
fourth as lalge as the variation bet.ween rivers.
Siniilarly, for posterior SOtltes, the varintion be­
t.ween years is about one-nint.h the vnl'iat.ion
between rivers.

These analyses present, evidence that t.here are
no differences bet,ween years for !lnal rays, pectoral
rays, nnd vert,ebrae. There may be differences
bet.ween veal's for allt,eriol' and posterior scut,es,
but if th~v do exist, t.IlfW nre small compared t,o

~ .."
the variation between rivers. These analyses of
variance have appl'oodwd the racial problem in it
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TABI,E O.-Frequen,·y distributio1t8 of the discriminant
lundion .

7=X I +Xa+Ia+I.+.Y;+.i'd '.

z IConnectirl1t Hudson Hu'!sl'n
I Riv~r 1945 Rivcr 1939 Riwr 1940

where t,he II'S nre obtained by solVIng t,he followinK
set of eqUlit.ions:

11w11 + 12wI2+lawla+14wI4+15wl,,+16wI6=(h
llw~1+12w~~ =(h

a Only !Ish wit,ll complet.c me.-istic data were used; first 91 IIsh in I·able 13
lapI'en,lh\', •

River \ Year 147-148 148-149

-------------:-------------------~----'
Percenl

22
22
W

lij~5

1939
19411

CounectiruL . .. . .-- --.
HU'lson ---- -- -- --
HllrlSOIl_." ~ ._ - - ----.--

N,

:L(Xl~k-Xd (XI2k-Xj2)'
k=l

NI

(N] +N2--:3)Wlj= ::E(X1Ik-X U ) (Xjlk-X I1 ) +
k=1

TABLE7.--Pl'I'cenla.y(' of "W10ng cla.s8(fi,eaJion8- using th~
flmet-ion

Z= XI + .'.:2+.1:3 + X.+.Y;+Xo

Wlj is an estimate of the e-ovariance (assumed to
be equnl in the two populations) between the ith
nnd jth charact.ers nnd d l is the estimated differ­
ence i.n mean values of the ith character in the
two populations. ,The Wil are estimat,ed from the
foll()wing equations:

N 1 and N 2 are tIte number of specimens in the
first and see-ond sample, l'espee-t,ively, and -X Uk is
the eount on the ith eharncter for the kth fish
from popula.tion.1. Xu is the menn value of Hit'
ith charact,er for populat,ion- 1.

Using clfl.t.n from the Hudson River sample of
19:39 and the Connect,icut, River sample of. 1945,2
the following set, of equations is obtnined:

IUl819711+O.0:3742b+0.01324:313-O.0151514+
O.024137l;.+0.1518416=0.41484

0.O::~74:311+0.71:33212-0.020:3:31a-0.0119614+
0.023011,,+0.1807116=0.46016

0.1)624211-:0.0:303212+0.65:354Ia+0.:310S414+
0.O:3:~mll!;+O.0991S16=0. 71291

-O.0151511-·O.01191312+O:210S4Ia+O.88481l4+
0,007171;+ 0.1307316=0.38462

0.0:346711+O.02:301b+(J.0~~:30913+0.0071714+
0.584991;-0.010:3016= 1.07555

0.1518411+ 0.18071b+O.0991S13+O.1:307314 ­

0.010201,,+ 1.0.515416=0.55082

139_____________________________ 1 _
BII , • _
141 ,______________ 1 1 _
142 .-----------------_ 3 _
]4:; .. 4 1 _
144 ·________ H 1
145 ~ ~ ._ 10 2 ::! ...

I~:m- :~:_:-:::::-m::-:'__I :! I. .ill J
Ii::::::-:~:-.::::~::~::-:::::-,-::--::~~:~:': ---~-~-~-:~'!;I----··· --- .. '!
Vl\l't.ebrne, hilS been tnbulat,ed foi' the Hudson
River samples of 1939-40 nnd the Connecticut
River sample of 1945 in t.able 6. It. is int,erest.ing
to note' t,hat the means of these dist,ributions a·rt':
Hudson RivCl' (19:39), 149.962 (n=104) ..Hudson
River (1940),150.:36:3 (n=105), nnd t,he Connect,i­
cut River (1945), 146.:363 (n=91 ),; t,lle varinnces
nre .5.816, 6.465, nud 6.400,' respeetively.' The
pooled nvcmgc fol' the Hudsoll Rinr is 150.liX{.
(A t-test, sllOws thnt. there is n highly significllllt
difference betweell the two rivers.) If one were
to use such u. fUllction for discriminnt,ion, he "I'..'ould
dnssify evel'ything nbove 148.:3 itS coming from
the. Hudson River and everything below ns com­
ing from the COllllect.icllt River. However, 'since
the counts nre d iscret.e, it, would be necessary to
use eit,her 148 01' 149 as t,he dividing line. Tnble
7 gives t.lw pel'centnge of wrong dnssificiI,t,ions' for
t,hese t,wo values. This sinlple funct,ion of t.lw
t,ype Z=~XI provides a met,hod of dnssifying
nbout 78 percent of t.he individunls correctly.
Wit.hout, the use of this function, it would' appeur
impossible to distinguish Connect-icut River shad
frOlil Hudson River shnd. '

If such good results were obtained by tot,aling
the number of SC-llt,es, vert,ebrae and rays for each

'spee-inlen, perhltpS some other combinn,tion might
be more efficient. Considering only linenr forms
of the type r=~a'IXh thnt, function ,~hich is best
for discriminating bet,ween the two populations
Cll.Jl be determined. p, can be shown (Rao 1952)
that the best lineal' dise-riminant funetifll\ for two
multivariate normnl populations is:

D = ll~l + l~X~+ bX3+ 14X 4+1"X5+ 16X~
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TABLE 8.--Cae:tficients afthe dist:l'iminantfuncU(Jn D i =~liXi

a.nd successive values of Dr

__1_~_3__4_1_5_. 6_1~ D;!2 PCDI!:!)

1.086 _. ._•.• . • . O.400S 0.34 63.3
1.028 o.S91 • ._. ._. ._ 0.6985 0.42 66.3
0.856 0.629 1.029 _. . 1.3782 0.59 72.2
0.878 0.630 0.952 0.231 • 1.4218 0.60 '72.6
0.785 0.S77 0.871 0,234 1.731 3.1632 0.89 81.3
0.694 O. S18 O. 850 0.200 1. 743 0.246 3.2195 0.90 81. 6

The solution of these sL-\: equations requires the
inversion of a 6 X 6 matrix. Rao (1952) presents
a method of solving these equat,ions so that succes­
sive discriminant functions are obtained. At the
first stage of solution, the discriminant function
using anterior scutes only is computed while at ~he
second stage the function using anterior scutes
and posterior scutes is obtained. The discrimi­
nant function using aJI six characters is obtailled
nt the sLxth stage. The solution of these equations
is given in table 8. Any particular discrimilll\.l1 t
funct,ion can be obtained by su~stit,uting the I.
from this table into the equation:

The variance of Y I is D~ and can be obtained
at the same time as the coeffidents 11' It can be
proved (Rao 1952) that D 1/2 is a normal devi.ate '
with mean zero and a standard deviat,iQn of one.
The probability of obtaining a normal deviate
equal to Dd2 is identical to the probability of
correctly dassifying an individual from anyone
popula.tion. Values of D~, D 1/2 and the prob­
ability of correct claSsification are also given in
table 8. Froni this table it CfLn be seen that the
increase in D~ with the addition of vertebrae is
quite small; therefore, the number of vertebrae is
not very useful for purposes of discrimination when
used with the other five characters. From the
estimates of w II' it is a.pparent that .the covariance
between vertebrae and other characters is gener­
ally large. This correlation may reduce the use­
fulness of vertebra.e for discrimination. Taking
an extreme example where the correlation between
two characters is one, it, would be useless to include
more than one' of tilem in a discriminant function.
Immediately the question arises as to how the cor­
relation of the characters affects the relative effi­
dency of the function. This can be answered by
a test of significance which tests the hypothesis of
ll;0' a(\ded increase in D~ in going from a discrimi­
ilant function using the first p characters to one

using p plus q. In this case p=5 and p plus q=()'
Rao presents this test on page 253. .

This F [with q and (Nl+N2-p-q-1) d. f.J is not
significant; therefore,' the hypothesis of no added
information being supplied by vertebral counts
can be accepted. It must be remembered t,hat
this is true only when use is made of t.he data from
t,he remaining five charac.ters. Since vertebrae
add nothing to the power of discriminat.ion, they
will be omit,ted from furt.her calculations. The
faet that vertebral counts can be eliminated from
t,he diseriminant fuuetion has eonsiderable prac­
tical value, beca,use these eounts have t.o be made
from x-rays or after c.areful dissection of' the fish.
This one count would ptobably be as costly in
t,el'ms of time and. money as the other five.

The next step is to finei the means of the discrim­
inant funct.ion for t,he two populations. This is
(l~ne by substituting the mean vnIues of the charfl,e­
tel'S for each populat.ion int.o the diseri-minnnt,
function. The discriminant function as taken
from ta,ble 8 (exeluding vert,ebra,e) is:·

Y =O.785X1+O.577X2+
0.871Xs+O.234X4+ 1.731Xs

The' mean value of this funetion for the Hudson'
River, 1939, is 74.103 and for the Connectieut
River, 1945, is 70.940.. If this function were to be
used to discriminate between the two populations,
those fish with It value of Y less thaI} n.52 would
be called COl'meet.icut River fish and t.hose above
72.52 would be classified IlS Hudson River fish.
The error in t.his classifiention would be the pro­
portion of Connecticut fish with a Y greater than
72.52 and the proportion of Hudson fish with n Y
less than n.52. The'varian:'ce of Yis:

D2=lldl+bd2+lsds+14d4+lsds
D2=3.163
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72.52-70.94 1.58=089'
·J3.16 1.78'

The proportion of Connecticut River fish which lie
in the ar~a under the normal curve from - 00 to
72.52 is equal-to the proba,bility of 11 normal deviate
of

The probability of this normal deviate is 0.81
(table 8); therefore, the error of misclassification
for the Connecticut River population is 19 percent.
This is also the error of misclassific.ation for, the
Hudson River population. This function will

\ correctly classify 81 percent or approximately 3
percent more than the simpler function first
investigated.

Rao (1952) presents a test of signifieance to
determine if the ealculated diseriminant funct.ion
is better than some other assigned funetion. If
the assigned function is:

D~z
TABLE n.-Frequency distribution. of the discl'iminltllt func­

tion 1"=0.785X\ +0.577X2+O.871.\a+0.234.Y4+1.7.81.\5
for the 1940 Hudson Ril'eI' sample

The resulting distribution of r is tabulated in
table 9. It can be seen that only 16 out of the 105
values are below 72.52, which is very close to the
19 percent expected. The mean Y for this
sample is 74.25, which is in close agreement with
the value of 74.10 obtained for 1939.

Y =0.785X\+0.577X2+O.871X3 +O.234X4+
1.731X5•

F has 5 and 188 degrees of freedom. This is a
highly significant value indieating that the calcu­
lated function is significantly better thau the
simpler function.

Since the above discriminant funct,ion was
. based on the 1939 Hudson River ~ample and the
1945 Connecticut River~ample, the 1940 Hudson
River sample (table 12, appendix) can be used
to demonst,rate how the function works. Values
for the ,Hudson River sample of 1940 were sub­
stituted in the formula:

z=x\+X~+X3+X4+X5+X6

CZ\-Z2f
V(Z)

then

where 1" Frequency Freql1enc.r

V(Z)=V(X\)-j-V(X~)+V(X3)+ V(X4)+ V(X5) +
V(XG)-j-2 cov (X\X~)+3 cov (X1X 3)+
... +2 cov (X5X G).

78.52-i9.5L __ . _.. _
77.52-78.5L __ . __ .' _
76.52-77.5L • . _
75.52-76.51.. _
7-l.52-75.5L 4

\ 73.52-74.51.. _
;l 72.52-73.51... _
4 71.52-;2.5L__ ~ _

17 70.52-71.51... _
23 69.52-70.51 _

10
22
11
4
\

F is a variance ratio wh,h (p,-I) and (N\+N2­

p-1) degrees of freedom. In the above instance,

To test if tNs function is as reliable a!? the one
derived from the data, the following ,must be
calcula,ted:

U I+N\N2D2/(N\+N2) (NI+N~-2)

1+N\N2D~/(N\+N,,)(N\+N 2-2)

1+ (104)(91) (: .32)
(195)(193) ~ -1=0.169

1 (104)(91) ..,'. .
+ (195)(193) (•. 1.3)

F= U(N\+N2-1-p) (0.169)(188)
p-l .' 5

Using values of wu,

D2_12.9521
z- 6.0771 2.1;31

1

6.:35

There are a numbel' of assumptions upon which
the preceding teehniques a,re ~ased. The two
populations have to be multiva,riate normal
populations with equal variances and covnriances.
It is assumed that the samples are .large since
sample vahws are substituted for population
values when the· discriminant, function is calcu­
lat.ed. There can be only two populations
present, and any future individual that is to be
assigned to one of these populations must, belong
t,o oile of them. Of course if a third population
is present with characters considerably different
from the two ,original populations, it may be
apparent that it represents. a third group when
the diseriminant function is used.

The calculat,ed diseriminant funetion ean be
used for two different types of situations. In
some studies one is interested in individuals (for
example, to obtain seale samples) and would like
to be certain that the fish ehosen are from an
assigned population. In other studies, the rell1-
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p

tive abundance or composition' of n mixed popu­
lation is desired. In this cnse there is little
interest in the individunls.

If we nre interested in...·classifying individua.Is, it,
is possible t.o adjust the dassification region to
reduce the c.hance of making errors. Those.
individuals thn.t fall dose to t,he divisiou line
(75.52) are the cause of the hlJ'gest percentage of
misclassifiea-tions.· If some of these nre not
classified, the errors can be redueed. This
nmounts to dividing the sample into three groups:
Hudson River shad. Connecticut River sha-d.. and
t,hose that could be either with about, equal prob­
nbility. This third group consists of fish which
reuHtin ullclassified because there is insufficient.
informntiol1 upon which to Ipnke n positive identi-'
ficntion. If only those fish with a r less Hum
70.94 nre cnlled Connecticut shad and those with
n r greater than 74.10 are called Hudson River
shnd, t,he probnbilit)~ of misclnssifying a Con-

.netirut shad would be equal to t,he area under· the
normal curve from 74.10-70.94=:3.16 t.o infinity.
The correspomling l!ormal' devillt,e is 1.78 and
the area above this vnlue is 3.7 percent. Thus by
not classifying npproximlltely one-half of the
sample, the number of wrong classificat.ions is
reduced to 3.7 percent.

The area of indecisioll could be extended even
wider to furt.her reduce the chanee of error; how­
ever, if this procedure is carried t.oo far. fish from
other rivers might illtrodu~e a bias t.hnt woqld
ho,ve to be considered. The assumption was
made earlier that only fish from the Hudson nnd
Conlleetieut .Rivers were present in the snmple;
.however, ~ny fish t.hat do not belong t.o one of
t.hese populat.ions will be classified as though they
did. Tllerefore, any appreeiable number of fish
from other rivers would cnuse additionnl errors.
From t.he tagging experiments mentioned pre­
viously, it. would appear t.hat. a very small per­
centage of shad present. off t.he New .Jersey coast
do not belong to one of t.hese two populntions. If
t.his is of the order of 5 pereent., it might. hnve
little effecit if all of the fish were classified. If a
large portion of t.he sample remains unclassified,
the errors int,rodueed by these fish may be more
harmful than t.hose due to nlisclassifying fish from
the two populations.

Estimate.s of the relat,ive abundance of a mi.......ed
populati'on ean also be obtnined. Three methods
of aecomplishing t.his ,vill be presentcd. The

most obvious is t,o use the discrimilHwt funct,ion
'to dassif)T each fish in the sample nnd then esti­
mate the eomposition of the population from the
composit,iou of the sample. If there' are only two
populat.ions present, this method may be quite
stttisfnctory, but it does contaili a bias. If it
fishery is sampled which contains individuals from
only one of these rivers, 19 percent. of t.hese fis!:
would be classified as coming from the other race
and the estimat,ed composit,ioll' would be 19 and
81 percent.. Thus t.here would be a bins of In
percent.. If t.he region· is modified so that tIle
relative abundanc.e is estimnt.ed from "t,he indi­
\Tiduals whtch nre more likely t.o be dassified·
correetly, t.hen t.his bias will be reduced. By using
the region Hudson>74.1O>Unclassified>70.94>
Connee.tieut. t.he est.imat.ed composition of a sitl11pll"
which eont.ains only Hudson River fish is

50
---=-93..5 per.:ent
50+3.7

for ,a bias of 6.5 pereent. If t,here are l'qmtl
mnilbers of Hudson and COImectieut. River fish
pres.:;nt in a sample, t.heil the errors of elassiticat.ion
would cancel nnd t.he bias would be' zero. The
maximum bias would oecur when a smnple is
composed of fish from only one river. ...

Another 'way of removing the bias is t.o 'assume
that. the error of elassifient,ion in t,he sample is t.he
same as the error in t,he discriIlliultllt, funct.ion
(i. e.. 19 percent.). Then t.he lIlunber of fish
classified as Hudson River fish consists of 0.19 Nc
amI 0-0.19) NH or NH =0.19Nc+(l-0.19)NH

~vhere'Nc and NH are the numbers present, in tJle
populatiOll. Simila.rly for t.hose clnssified tlS Con­
nect.icut ·River fish the following relnt,ion exist,s:

Nc = (1-0.H1.lNc +0.HINH

;

Subst.it.ut.ing snmple values (Nc and NH ), t,hese
t.wo equations can be solved for Nc and NH whidl
can be used to det.ermine t.he relat.ive abundance.

A t.hird estimate is obt.a.ined by using the follow­
ing formula (Rao 1952, p. 300)

XH-Xs

XH-Xc

'U" "- - .where X H • Xc and X s are the' average;; of t.he
discriminnnt, funetion for t.he Hudson River,' t.he
Connect.icut, River lwd t.he sample of t.he mixed
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populat.ion; P is nil est.imat.e of t.he proporf.ion of
t.he sample IHttive t.o the Connect.icut River.

It. is not. known whiell of t.hese estimates would
b~ hest for t.he present problem. A few st.ray fish
will hnve a greater effect on the first, estimate than
on t,he third, pnrticularly if the st.rays are near one
li\nd of the dist.ribution of t.he discriminn,nt. func­
~i6n. In the first. t~vpe of estimate, they would be
weighted more heavily because some of' the indi­
viduals near t.he midpoints of the t.wo populat.ions
Would not. he clnssified. In t.he third estimate,
t.hey would all receive the same weight. In any
part.icular problem, perhaps nIl t.hree of these
estimates should be t,ried and t.he various esti­
mat.es compared. If they are not in agreement.,
t,he bet,ors cnusing .. the differences should be
invest,igat.ed. Plott.ing t,~e dist.ributions on prob­
ability paper mny give some clue to t.he number
of strays present, in the samples.

DISCUSSION

The basic coudition neeessar.\r for the demon­
stration of a distinet populat,ion of shad in ench
river is that, the differences between rivers must
be lltrge compared to t.llC differences bet,ween years.
This ('onditioll hits been met by the data examined
ill this study: however, some large differences
between yeltl'S have been report,ed and they are
impossible to evltluat~ completely at t.his time.
Warfel and Olsen (1947) report,ed average verte­
bral eounts of 57.042 and 56.837 for 1945 und HJ46
in the Conneeticut River. This differenee of 0.2
is signifieant.. RUlley and de Sylva 095:3) n.lso
reported some differenees between :wars for
striped bass. They made the following st,atement
about these differences: (p. 506)

In a\l~' one river system s\lch as the Hudso\l River there
Illay be i'<ignificallt variationi'< from year to year in aoy of
t.he characters investigat,ed. These f1uctua,t,jons may be
caused by diffE-renc('s in witter tempE-rature. and perhaps
other factors during larval life at the time when fin ray
\lumber is determined. The assumpt,ion is made th:tt
fin rllY \lumberi'< are genetically fixl:'d within narrow limits
and the minor fluctuations which occur from year to y'Jttr
:He due to different physical and perhaps chemical con­
ditioni'< at anyone locality or differences in t.ime of spawn­
ing, will tend to balancE>. out when samples are taken OVel'
a period of several years.

From the st.nt,istical point of view, it, does not
matter what cnuses t.hese differences when a mixed
poptl1at,ion is to be divided int.o its eomponent,s.
For example, the charact.ers tor the Hudson and

Co.nneet.icut Rivers can change considernbly from
year to year, and .th~ New .Jersey catch can still
be segregated providing. snniples arc obtained
from both rivers and a new discrimiuant function
is caleuln ted each year. Of course, it, is essential
that the populnt.ions be different,.

From the biological point of view, the eause of
thesediffe.reuces is importnnt. If these differ- '
ences are primarily genet.ic, t,he diff,erel~t populn­
tions should be considered. taxonomieally as rnces

. or even sub-species. RaIley and de Sylva (1053)
considered striped bass from t.he Hudson River
nnd Chesapeake-Dela:wan\ area to be differen t
taxonomic races and suggested calling them t,he
Hudson race and Chesa.peake-Delawltre race.
Similarly, future resell-rch may i>rove that. there
nrc actually t.axonomic l'll.ces (or sub-species) of
shad.

From Rounsefell and Dahlgren's (1932) work
on the herring, it ,appears that temperature may
be - 0;11" of t.he most. iinportant en vironment.al
variables to be studied. A rather simple experi­
meut, could be set up whereby it would be possible
to ha t,ch silltd eggs in con t.rolled wat,er tempent­
t.ures. This should produce a response curve
between meristic cOUJ}ts and temperature, ifsueh
a relntion exists. Such an experiment, would be
useful in evnluating the differenees bet.ween years
and rivers.

The human errors in making merist.ic eounts
should also be investigil,ted. These cert,ninly COI.l­

tl'ibute to t,he tot.al variat,ioll; t.herefore, t,he mag­
nitude of such errors shol!ld be known. There
n.re uo doubt times when a cert,nin amount of
judgment must b!:' used in deciding if a given ray
aetually should be included in 3, eount.. Similarly,
gross errors of definition ean be made .in t,h!:'
counts. These various errors cannot be ('valu­
ated ILt this t.ime, but any future work should
('ertainly include It study of this pnrt, of the
problem.

Futu~'e work with meristic counts will Jinturally
require a great, amount of st.atist,ieal analysis.
It, is essent,ial , t.herefore, t.hat,· the surveys be
planned in such n manner that a maximum Rlil0lLl1t.
of information can be obt,ained from t.hem. Of
the 1,800 fish collected from 19;38 to 194.5, only
one-third of them could be ut,ilized in a two-Wll-,\'
analysis of variance. The surveys should include
year classes, sampling dat.es within a yenr, differ­
ent t.ypes of gear nnd different, loent-ions within
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lL l·iver. It. would also be wort.hwhile t.o st,u,dy
t,he rela t.iOll bet,ween juveniles nnd the co,:re­
sponding yeiLr class when it. ent.ers tile fishery
as ndult.s. Probably many of t.he answers which

.('a.Il be obtained from merist.ic counts will le!Ld
t.o a bet.t.er underst.anding of t.he biology of t.he
various shnd populnt.ions.

SUMMARY

It. is a commonly accepted t.heory tha.t shad
from the different rivers on t.he Atlantic coast.
return to the same river to spawn when t.hey
reach sexual maturity. .Tagging experiments have
offered considerable evidence to support. this
theory. No shad t.agged on the spawning ground
of one river system has ever been recaptured on
the spawning ground of another river system.

If a group of fish ret.urn to the same spnwning
ground year after year \vit.h little mixing from
other populat.ions, it. would be expected that the

. fish within a river would be lllore like one anot,her
than like the fish from other. rivers. Thus, if
differences in SOllle charitct,erist.ics could be found
between rivers, apd, if these differences were htrge
compared to the differences hetween yenrs, the
conditions neeessnry t.o support, a "mc.ial" theory
would be present..

Beca.use of t.he seleet,ivity of the fishing genr
used to obtain the samples of sha.d, it, eould not.
be assumed that the snmples were random. This
seleetivity oecUlTed in the size of the fish. The
various chamcters under consideration in this
paper were tested for a correlat.ion with length;
when no consistent cOl'relations could be found,
the samples were considered "representative,"
even though th~y were not random.

Analyses of variance of the various chamcters
provided evidence that ther,,: were differences
between fish from other rivers and, if differences
were present, between years, they were of tt much
smaller magnitude than the differences between
fish from other rivers. This contributed addi­
tional evidence I:t? support the t,heory of Il. sepnrate
population of shad in each major river.

A flll'ge conunercial shad fishery exists ttlong t,he
COitst of New .Jersey, New York Bay, and Long
Island. The fishermen in these three areas catch
shad that are migrat.ing to the Hudson or Con­
necticut Rive1'S. This ocean cateh in spme years·
is approximately one-third the size of the river
eut.e.hes and, t.herefore, should be included in any
matHtgement plan for the t.wo rivers. To est,ab­
lish a. management plan which would include t,he
oeean fisheries would require est,imates of the
composition of the catches made at these various
loeat.ions. In the past" this would have had to
be done by tagging experiment.s.

A diseriminant function has been const.ruct,ed
in this study which will clitssify correet.iy about
Sl percent of n mi.wd populll.tion of Hudson and
Connect.icut River shad. This function Wll.S con­
structed from· data obtained from the Hudson
River in 1939 and the Connecticut River in 1945.
Data from a sample of Hudson River shad ob­
tained in 1940 were substitut.ed into this dis­
criminant. function. Out of the 105 fish, 16 were
classified incorrectly; this is in good agreement
with the theoretical 19 percent misclassifications.

Most of the individuals tha.t, am misclassified
fall dose to the midpoint hetween the two popula­
tions. It is possible to reduce the number of t.hese
mist.akes by refusing t,o make a decision on the
indivi(luals that lie close to the dividing line
between the t.wo populations. This is equivalent
t,o classify.ing the individunls illt9 three parts:
Hudson River, Connecticut River, and it third
pa.rt for which no decision can he. reached. With­
out using this procedure the chance of misclassi­
fying an individual is 19 percent.. By refusing to
classify 50 percent of the sample, it, is possible to
reduce this e.1'ror to 3.7 percent.
. Sevei'al methods of estimating the relntive
ll.bundance 01' composition of a mixed population
are present,ed. These techniques could be' used if
one is interested in the population composition of
n mixed sample mther. thnn the identification of it

. particular individual.
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APPENDIX

TABLE JO.-Frequent:y distrib1/tion of meristic counts used
in the analysis of va.riance

TABl.E II.-ll/cl'istir. cOI/.nt:s on samples of shad from the
Hudson River, 1.939
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Anterior seutes Posterior Dorsal Anal Pectoral Vcrtebra<
seutes 1'8)"5 rays rays
---------------

22______________ • ______
15 IS 2'& 1522______________ •• _____
15 IS 21 1622___ __ . ________ ~ ______ 15 17 22 14 .;.22______________ •______
·15 18 21 16 520_ ... ___________ • ______
15 17 21 1622_. ___________ •• _. ____ 16 IS 22 17 521. ____________ •••• ____ 16 19 23 15 522. _____________ . ______
16 18 22 1623_____________________
14 IS 22 1622. ______ •_. ___________
17 IS 21 16

22________ a. _. _________ 16 18 20 IS21 ___ ____ ~ ___ __________
1.~ 18 21 17. ,;22__ • ________ . _________
16 18 2l Ii22_____________________
16 18 23 1522__ . ________ ___ ~ _~ ____ 17 17 22 15

522__________ . ___ . ______ IS 18 22 1722. __________ . _. _______ 16 10 22 1522 _________ . __ • ________
15 18 22 1522___________ . _________
15 IS 21 1522. ____________________
15 17 20 16 523 _________ . ___________
16 IS 21 16 51

:l:.! _____________ .• a __ • __ 16 18 21 11\21. ______________ • _____
16 14 20 15 522__ , ____________ • _____
14 IS 22 1522_____________ .• ______
16 19 25 1621. _. ___________ • ______
15 19 22 16 5.22______________ • ______
15 IS 22 1.~ 521. ____________ '. ______
13 IS 20 1.~2'& __ • __________________
17 18 21 1623_. ___________________
15 19 23 16 "23__________________ • __
IS 18 22 1722__________ . __________
15 IS 22 16 .~

21 ___________ ____ ______ 15 18 2.1 Hi 5.22______________ • ______
.16 17 20 16 5.22___________________ ,_
-15 17 21 16 521. _________ . __________ Iii 18 20 16 5122_ .. ______ ___ _________ 14 IS 21 15 522 _____________________
Ifi 19 22 17 5,23. ____________________
16 IS 20 1622_______ • _____________
14 17 21 16 51

2".:?____ __________ . ______ 16 19 22 .16
22__ . _________ • __ . _____ 15 19 22 15 5,22__ • __________________

14 19 21 16
2::1 __ . ________ ___ _______ Hi 18 2l 16.,.,

Hi 18 23 16 .~

22~ ~ ~~~~~~~ ~ ~ ~ ~~ ~~~~~~~ 16 17 22 1622_____________ • _______
14 17 22 15 5.21 _____________ • _______
17 .18 21 17

22_________ . __ _a _______ IS IS 21 11\ 522_____________ .... _____ 15 18 22 15 522_____________ • _______
1.~ 18 22 It\ iii

22___________ __ a _______ 15 18 19 16 fi!22_____________ ... ______
I" 17 21 Ii 5122 _____________ .. _______
16 17 22 IS .~22 _____________ • _______ 16 17 21 16 "22_____________ ".. ______ 15 17 21 16 "23___ . _________ • _______
1.~ IS 22 16 "22 _____________ • _______
15 17 22 16

~2 __ _______ ___ ~ ________ 15 17 21 16 ,;
21. ____________ ._ .. _____ I'; 17 22 1522 _____________________

14 17 2l 15 S21. ____________________
14 18 21 15 .~

22__ __ _________ •• ______ 15 Ii 21 16 .;
Z'd_. __ _______ . _~ _______ 15 IS 22 16 "22____ . _______ •• _______

J.~ 18 22 1.~

22_ - ------- _. -------~ 16 19 23 HI 5

LoeaUon Year Number of anterior seutes Num- Mean
ber

---------------_._-------------
IV 20 21 22 23 24 25

- - - - - - --
Flol'ida ____________ 19:18 2 9 24 40 21.80000 __ .__________

11/.19 1 4 28 7 ---- ---- 40 22.025
Sonth Carolina. ___ 1938 1 22 12 5 ---~ 40 21. 525Do._.__________ 1939 1 14 22

~ I~~~~ ~~~~I
40 21. fI50

Norl.h Carolina ____ 19.18 1 8 26 40 21.815Do_. _________.__ 1939 4 28· 8 ___ • 40 22.100

NUl11bel' or Ilostcrior SCllt('S

-.:.I~ 14 15 16 17

---
Fl<,rida ___ •________ 19:18 2 12 24 2 40 14.600Do_____________

1939 1 II 18 10 40 14. 92..~
SlJuth Cnrolina ___ . 19a8 1 -- -- 8 14 14 3 ---- 40 15.225Do_____________

1939 V 16 15 40 15.150
North Carolina ____ 11/.18 3 :!II 15 1 40 11\.300Do_____________

1939 2 12 23 3 40 15.67';

Nnmber" 01 anal rays

18 19 20 21 22 2:l
- - - - - - -

~·l",·ida_. __________ 1\1:18 2 10 18 7 2 40 20.8511Do_____________
11139 3 9 17 10 I 40 20.925

South Carolina___ . 19a8 4 .)2 13 9 2 -40 20.821\Do_____________
11/.1\1 1 ld~ 18 8 1 40 20.000

North Carolina ____ 1ll.18 1 12 17 2 40 21.275Do___________ •• 19a\l a \\ 7 IS 10 2 40 21. 025
I'----, ,

Num)ifr 01 Jlootoral rays

., t14 15 \\6 17 18
-\,--- --

Flnrida ____________ 19:18 2 2~ 15 ____ 40 16. :;2.~Do _____________ -
11/.1\1 q a4 4 ____ 40 16.005

South Carolina____ 11/.18 2 1S

1
20 .--- --.- ---- 40 16.451100_____________

1939 4 ~ '~I~ 2 ---- ---- 40 16.M5
North Cal'Olina____ 19.1S 13 - --- ---- ---- 40 15.771\Do ___•____ ._ • __ 19311 5 30 ~~4 ---- ---- --. ~

'40 15.02"

Number 01 vertehme

53 54 55 .;n 57 .~S 59
- - - - - - --

~'Iorid,\___ •________ 1938 2 11 19 7 ---- 40 56. 72.~00_. ___________ 1930 2 11\ 19 :1 ---- 40 56.57"
South Carolina ____ 11/.18 3 8 18 11 40 5.5. \125Do_____________

11/.19 1 2 " 14 17 1 -10 51;' 17.~
North Carolina ____ 19a5 1 16 19 4 40 56.65000___ . _________ 1939 6 6 2.; 2 40 56. fI50
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TABLE 11.-lIIe.l'istic <·Oll"l/.t.~ 01/. sll/llplei'l of shad fru/II the
Hudi'lon Ri,.er, 1939-Cont.inued

TABLE 12.-lIIeristic counts 0;/. sa.mples of i'lhCld from th.e
Hudson RiI'er, 1940-Continued

-----'-----1---- ---------- ----

Pectoral Vertebl'au
ra~-s

'Anal
rays

.~ nterior scnt~s Posteri",' Dorsal
scutes r.!"ys

---------1----- --- --------

Pectoral Vertebrl\C
rays

Anal
rays

.Posterior Dorsal
scutes rays

Anterior scutes

TABLE 12.~1I1erist·ir rounts 'In i'I(~mplei'l of shad fmm the
Hudson River, 1940

Posterior Dorsal
scutes rays

Pl'ctoral V~rt~brae

rays

22 ~ ~

22. _
22. ~. _.
22 _
22 . ~ __ . _
23 ••_.
23. • ._
22 _
22. ._
21 _

'.~
~2: ::::::::::::::::::::
-~~

5i::=:===============: =22 ~. . _4 • "_

23 • . . ,__
22 • . _. _
23 . . ._
22 . . _
22 . __ . _._
21. • ._
21. ._
22 ._
22 . _. ~. __ ~ .. _.".
22 . • __ . __ ._
'22 • __ .••• _
23 •• _. ._
21. . _
~~ -

~2: ::::::::::::::::::::22 • ~ ~_

2:~ • ._
23 . •__ • __ ._
23 • ._. _
23 • __ .. _. ,_
23 . • __
22 ~~ __ . :. _
22 • • • __

Anterior sCIII-t·s

20 __ • . • _
22 -" _
22 . . __
22 . ._. . _. __
23_ , __ • __ . . _
21_ .:. • 4 _

21. . . _
23 . _
22 .
22 .. _. _
.,.,
22~ ~ =::====:::=::: === ==23_. .•_. _. • __
23. • . __
21. • ._.
224 4 •• _

23 •__ , _
22. . , .
22. .4 • _

~~

22: =========:=:::::::::22 . ~._4 _
22 • _
~~

21::::::::::::::::::::::32 • _
23, ~. • _
23 •• • ._.

16
14
15
15
1.~

1.~

16
15
IIi
11;
Ii
16
15
14
15
14
15
15
16
Hi
16
15
14
15
15
15
15
1~

15
16
!Ii
15
15
16
14
16
15
IG

15
16
Hi
Ilj
15
16
15
16
16
15
15
16
16
14
15
15
15
16
16
15
16
1fl
Ii
15
Ii
IS
16
15

18
18
18
19
Ii
19
18
Ii
18
17
19
lU
18
19
1\1
19
20
18
18
18
18
18
19
18
18
18
18
18
Ii
18
17
18
18

-18
18
17
18
19

19
1U
18
18
18
17
17
18
18
17
18
18
17
18
18
18
17
17
18
18
18
19
17
18
18
18
18
18

22
:lO
21
22
21
22
22
23
22
21
22
21.1
2'.:!
22
22
21
23
~»2

22
22
22
22
23
22
21
22
23
22
21
22
21
:lO
21
22
22
23
23
22

Allal
rays

21
22
2tJ
22
21
22
21
21
23
22
21
21
2"l
21
21
22
22
21
22
21
21
22
22
21
21
22
22
23

Ii
16
16
15
16
16
17
15
III
15
16
15
Ii
1f~

11\
11\
16
16
1.'\
\I)
16
15
15
15
16
15
17
14
17
UI
Hi
Ili
11)
16
15
16
16
16

16
Ii
Ii
16
16
15
15
16_ 16

15
16
17
16
1.;
If)
1.;.
15
III
Hi"
16
16
16
15
15
16
15
16
16

57
5i
lIS
57
5i
5i
58
58
57
5i
58
57
511
56
57
57
08
56
59
57
57
5i
5i
57
57
5i
58
lIS
58
57
57
57
58
5i
I>~

I>~
.;g
58

54
58
57
58
5i
58
57
57
58
.'07
58
57
57
51;
.l);
57
58
.~

58
5;
58
57
[18

58
56
!>7
57
5;

:22 _
211. __ ' • ._.
22__ •. ._. __
22. _._ .. __ • . • __
23. __ . __ • __ . . __ ._
22 __ •. . _... __

~:: ::::::::~::::::::::21. . _
.~,

;2:::::::::::===== =~ ~ ~ ~
~2 . _
:21 ~ _
-1')

23:::::::::::::::::::::22__ . . • _
.,~

23: ::::::::::::::::::::22 • . .
~l'l

22~=~:~:~=~ :=:~:==~==~:22. _.• . __ . _
22 . . __
'2:t ~ ~ _~

22 • • _. • __
22 _
22 _
:J:? ~ _
23. _• .. _
21. _. . __ • _
23. •. . .
~.,

23=: ::=:::=::=::=: ==:::22 _
22__ • __ • . .
22 ~ . _
22_. _. . _._ ..• __
21._. _. _._. _. . . __
24. ... . _
23 ._ .. ..23 . . . _.
24 . ._ . .
~~;;;;- --_. - -- ------ - - - - ---
22=:=: =: =: =: ==~::=:: ~::.,.,
22: ::::::::::::::::::::.,.,
22:::::::~::::::~:::=:: .
21. _. ._ .. _. • _.
22 • _
21. _. __ .. _• • _
22 4 4 _

22 .. . _. _
22__ . _'_ • __ . . _. _
23. . . . _
0").) •

22: ::::::::::::::::::::
23 • . • __ . __ .
22 . _
22 4 • •

22 . _
22. •• • _. _
23 . .. • _
,,~ .
~2:::::::::::::::::::::
~~

~3:::::::::::: :::::::::
21._. . __ .. ._.
22. . _. _
22__ . . . _.,.,
~: :::::::::: :~::::: :~:
,,~

22:::::::::::::::::::::22. • • • __
22. • • _

15
15
16
16
16
17
15
16
16
16
15
16
1.~

1.
16
15
16
15
15
17
16
16
16
14
16
17
III
17
16
15
16
16
15
16
14
16
16
16
16
III
I"
16
16
16
15
15
16
15
16
15
16
15
15

·16
16
15
15
16
15
16
17
15
15
15
l5
16
14
16
15
16
16
16
Ii
15
Ii
17
17

19
Ii
18
18
20
1Y
19
18
17
18
18
17
Ii
18
1\1
Ii
18
17
19
19
19
18
18
19
18
18
17
17
18
17
:lO
18
18
1\1
16
Ii
18
18
17
18
17
18
18
18
lU
Ii
17
17
19
17
18
18
18
17
18
18
18
17
Ii
19
19
18
Ii
18
17
18
19
1Y
18
18
18
1Y
18
18
18
18
18

23
22
21
22
24
20
24
22
21
21
21
21
:!tJ.
22
22
22
23
19
21
21
21
21
22
22
21
21
20
20
22
22
2:1
21
21
21
20
21
22
21
:lO
22
21
21
22
22
23
20
23
23
21
23
20
22
:!I.l
22
22
21
22
22
:lO
:lO
22
22
:lO
22
23
21
22
23
23
22

.. 22
24.
22
21
22
:!I.l
22

16
15
15
15
16
17
15
16
15
16
16
IS
II;
15
16
16
15
16
15
16
17
16
16
16
III
16
16
1,;
15It,
17
16
1['
If,
III
Ifl
Hi
15
15
16
16
16
15
16
.1fo
15
17
16
16
16
15
16
16
15
16
15
16
17
15
16
15
14
HI
16
15
1.;
16
16
16
Ii
15
16
I"
15
16
16
16

58
55
57
58
5U
58
.~9

,5fi
.~7

.'08
57
57
56
57
58
57
58
57
57
58
5i
58
58
S5
58
57
57
1\8
58
58
58
57
57
57
58
S8
511
58
59
58
58

. lIS
57
5i
58
5i
58
58
59
56
5i
511
.~

5U
57
58
5i
57
56
58
58
57
56
5i
57
57
5i
58
m
58
59
00
57
50
60
58
58
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TABLE 13.-Jllerist-ic count.! on samples of slmd /1'011I th.'
Connecticut River, 1945"

['['he last 10 sample., in table lire Incomplete lind there lore were Ilot used
in the discriminant function analysts)

21 __ • __________________ 15 18 21 14 5722_____________________ 14 .16 20 15 5521.. ___________ :. ______ 14 17 21 13 5722____________ , - _______
15 17 21 15 5722_________ . _. - - _______ 15 17 20 14 5tj

21. ______ . ___ . _- ______ - 14 16 22 14 5722____________ - __ . _____ 14 16 21 13 5721. ___ .. ______ -- _. _____ 14 16 20 13 5522_______ . _____________ 14 17 21 16 5522_____________ - _____ -- 13 18 23 14 5622_____________________
W 18 21 1.5 5922_____________________
14 18 22 15 5722_____________________
15 17 20 15 51j20___ . _________ - _______
14 18 22 15 6522______________ . ______ 14 18 23 15 5821. ____ . _______ 14 17 22 15 5722. __ . _________ .. _______ 15 16 21 15 57:11. ____________________ 14 11) 20 15 5721 ____________ -'. _______ 16 18 19 14 5823_____________ • _______
17 17 21 13 r-.o22____________________ .
15 18 20 14- 5523. ____________________
14 17 22 14 5721. ____________________
15 17 22 16 5521. ___________________ .
15 18 22 14 5722___________________~_
15 18 21 15 5823_____________________
15 1G 19 16 5721. ___________________ .
14 18 21 14 5822____ . ________________
15 18 21 15 5922. ____________________ 14 18 22 15 .5521. ____________________
14 16 22 15 5722______ .• _______ .. ____ 15 17 21 16 5821_____________________
IlJ 18 21 14 5921. ___________________ .
14 17 21 14 5623______ . ___________ . __
15 17 21 15 5721. ____________________
14 18 22 14 M22_____________________
16 18 20 15 5721 ______________ . ______
15 19 21 15 5522_____ . _______________

\14 19 21 14 .5820________ • ____________
,1lJ 17 21 16 5421____________________ . 15 17 21 Hi 5522_____________________
16 18 2(1 14 5722_____________________
14 18 21 14 5922_____________________
15 18 22 16 5622____________ • ________
15 17 21.1 14 ...7

21. __________ ~. _. _. ___ • 15 IlJ 21 1." 57
21 ______ . _____•. _____ •• 14 18 21 14 ·sn
21. _____ , _____ • ______ ._ 16 17 22 15 ,fJ7
21. ___________ ._._. ____ 16 ·17 22 16

I
5922________ . ___ • _______ •

1." 18 .21 15 5821. ___________ • ________ 15 17 21 14 56

0

TABLE 13.-11ferist-ic counts 011 samplcs of shad from the
Connecticut .River, 1945-Contiuued

AnsI" Pectoral Vertehrae
rays rays

PosteriOl' Dorsal
scntes rays

Anterior sootes

22_____________________
15 17 21 14 5522______ . ________ . _____ 15 18 21 16 5822_______ . _____________
15 16 22 15 5721. ____________________
15 17 22 15 5822_____________________
14 19 22 16 5721. ____________________
13 17 21 15 5521. ____________________
15 17 21 15 5722__ . ____________ . _____
16 17 21 14 M21. ____________________
14 17 20' 16 51'22_____________________
14 17 20 14 5722_____________________
16 17 21 13 .1;21.. __________________ .
16 17 23 14 ,iiI)22. ____________________
14 18 21 16 .~;21. ____________________
14 18 23 10 ."922___ . ________________ .
16 17 23 14 .~i22_______________ . ____ .
15 17 22 16 ...821. ___________________ .
15 16 20 15 5522. ____________________
15 17 22 15 5821. ____________________
13 17 23 15 5921. _______________ . ____
15 17 21 15 5522_____________________
16 18 23 1... 5622____________ • ______ ._
14 18 21 15 5622__ . __________________
16 17 20 14 5721. _______ • ____________
15 17 21 15 5623________ • ________., ___ 16 18 21 14 5722__ . _____ • ____________
15 15 19 14 .'0622________ '. ____________
14 17 20 15 5622. _______ • __ : _________
15 15 20 15 5722. _______ '. _. __ . _______ 16 18 23 14 5622. _____ . _. ____________
16 17 23 13 5622______ . ______________
16 17 21 15 5621. _______ . ____________
14 16 23 14 5722________ . ____________
14 '19 21 13 ...721. ____________________
16 17 21 15 5822. _____ • _____________ .
14 18 21 15 562L ____________________
16 16 21 15 5721. ______________ . _____ 15 16 22 14 5722. ____________________
14 17 22 15 5721 ______ . _. ____________
16 17 21 15 5721 _____________________
15 17 22 16 5522____________________ .
16 18 22 16 .5822______________ . ______
15 21 15 5721.. _______ . ___________
15 20 ,fJ721 _____________________
15 19 14 5fj22_____________________
15 21 14 5721. ____________________
II; ------ ---- - -- --- --_. 13 5li22______________ . ______
15 2'J 15 5722. ___ . ___ . ____________ 15 - 14 5r.-----_. - -. ---~-- --_.20_____________________
16 18 M 5722_______ • _____________
15 17 15 5522____ • ________________
15 17 14 55

Anal IPectoral Vertebrae '.
mys mys

Posterior Dorsal
scutes ra)'s

Anterior scutes


