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ABSTRACT

The yellowtail flounder fishery off New England was studied intensively
from 1942 to 1949 to determine if changes in the yellowtail population were
related to fi&hing pressure and whether regulation of the fishery was necessary
to conserve the species.

Tagging and other evidence Indicated the existence of flve stocks, the most
important of which to United States fishermen occurred off southern New
England. The landings from the southern New England stock declined from
63,000,000 pounds in 1942 to 10,000,000 pounds in 1949, but the population did
not exhibit the usual symptoms of heavy fishing: a declining average size, an
increasing proportion of young fish, Ol' an increasing growth rate. Estimates
of mortality and recruitment indicated that the fishery was drawing gradually
on a reserve which for unknown reasons was not replenished by young.

There is no clear evidence that greater total production could have been
achieved by protecting fish at any size, in any area, or at any time of year.



DECLINE OF THE YELLOWTAIL FLOUNDER (LIMANDA FERRUGINEA)
OFF NEW ENGLAND

By WILLIAM F. ROYCE, RAYMOND J. BULLER, AND ERNEST D. PREMETZ. Fishery Research Biologists

As recently as 1935, fishermen of New England
found little value in the, yellowtail flounder (Li
m.a,nda. fel'l'u.ginea.) , which they caught ine.iden
tally in their trawls. This fish W:1S considered t.oo
thin t.o compete with t.he winter, or blackback.
flounder (P8elldopleuronecte8 a1nericaJl.'l18) for
sale'in the round, and it was not as well known as
the dab, or American plaice (Hippoglossoides
pla.te88olde8), or the gray sole or witch flounder
(Glyptocephalu.8 cY7/.og1088u.~) -species commonly
sold as fillet of sole. But two things occurred to
change this. The winter flounder, mainstay of the
fleet of small otter trawlers in southern New Eng
land, declined so severely in abundance in the
middle thirties that fishermen and filleting con
eerns sought a substitute. TI~e yellowtail, u.bun
dant, ,readily av:tiluble. and fine-fllLvored, satisfied
this need. Then from 1940 to 1M2, the increasing
delliand for food t.hu.t accompanied 'World War
II was reflected in a·n expansion of the fisheries 'for
almost any edible species wherever war restrictions
would permit. Consequently, the cateh of yellow
tail rose from slightly less than 23 million pounds
in 1938 to approximately 70 million pounds in
1942, at which time the fishery supported a fleet
of 150 small otter trawlers.

These vessels fished from ports on Long Island.
N. Y., and from Connecticut., Rhode Island, and
southeastern Massachuset.ts ports as far north as
Provincetown, Mass., uncI the yellowtail became
the principal spedes of fish landed. Concurrent
with the diversion of vessels to the yellowtail
fishery was the development of t.he nece~sary han
elling and filleting facilities, chiefly at New Bed
ford. Mass.• where about ~o filleting plnnts began
operations. .

NOTE.-Dr. 'VIIIIIlIU F. RO~'ee is now Ilireetor of the I<'isheries
Research lllstitllt... Uni\'ersit~- of Washillgtl'n: Raymonll .1. Buller
Is eentral flJ'way representath·e. Bun'an of S[,ort Fisheries and
WihlIlfe. and Ernest D. Pl'emetz eommOlUty industl'y 3naly~t.

Bureau of C"m.lI1erellll Fisheries. U. S. Fish and WiI,lJife Spr\'ie,·.
Appro\'e,l for IJllbli(·atlon. Spptemher :!I.l. 1\155. Fi.hpry

Bulletin 146.

The remarkable growth of the yellowtail fishery
was followed by an almost equally remarkable de
cline. In 1944. the annual cat.ch had been reduced
by more than half and the following!) years pro
dueed no sign of recovery. The decline. and con
tinuing scarcit.y of the yellowtail caused great
eoncern, not only because t.his species closely par
alleled the winter flounder in its decrease in the
early and middle thil'ties (1\ dedine from whic.h
the winter flounder had not recovered as late as
1951), but. also because the fishermen who now
depended on yellowtail fishing for their principal
livelihood could expect to find no other abundant
species of fish of similar value within the rnnge
of t.heir small otter trawlers.

This pronounced reduetion in the catch of a
species of major import.u.nce to the New England
fisheries was the impetus for a more coneentrated
study of the yellowtail. Prior to t.he peak of the
yellowtail fishery, the question arose of how much
expansion could be expected. Now, after its de
cline, fishermen and the general public alike want
to know if the.y can expect a r£>,.('urrence. of the
yellowtail's former abundanee., if regulation of the
fishery is needed, or if the sad history of other
deplet.ed speeie.s is to be repeat.ed. To answer these
quest.ions we needed to know two things: First.,
what sizes and numbers of fish can be expected
frol\1 a given fishing effort; IUld second, what
measures would result in the gre.u.te.st return from
the fishery.

'We have approached the answers to these basic
quest.ions t.hrough a study of t.he effect of fishing
on the yellowtail. Determining t.he eft'ects of fish
ing required a delineation of the st.ocks and a
breakdown of the catc,h data according to the geo
graphical units in which the stoeks were homo
geneous or in which the fishing pre..<1Bure was uni
form. (In eit.her case, we may assume that. the
effect. of fishing on the stoc:k or stocks will be
uniform.) Afte.r det.ermining what fishing
grounds should be considered t.o eonstit.ut.e a more

16H
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or less homogeneous unit, we assembled data
aimed at determining the relative size of the stock,
the morta1ity due to fishing and natural causes,
the growth, and the recruitment of young fish.

A complete and accurate determination of these
factors would permit a precise estimate of the
effect of fishing on the species. The factors vary,
however, and the best we can expect from our
present knowledge is an approximat.ion; conse
quently, our estimates will be subject to revision
as additional data bee.ome a,vailable. Therefore,
we anticipate further study of the yellowtail and
are making the data fully available in this report
even though some appear inconclusive or irrele
vant to the major problem at this time.

Little information on the habits and life history
of the yellowtail is available in the literature, al
though naturalists and taxonomists have known
the spedes for many years as one of a considerable
group of very similar flounders of the genus
Limlt'nda. Species of this genus occur off nort.h
west Europe, in the Bering Sea, and off the west
coast of Canada. In the northwest Atlantic, the
ye110wtail (L. fermg-inea-) occurs from the north
ern part of the Gulf of St~ Lawrence south to
the vicinity of Chesapeake Bay.. Its habits have
been summarized by Bigelow and Schroeder
(1953, pp. g71-275) anp by Hildebrand and
Schroeder (1928, p. 168). .

Our data are the result of many people's efforts.
Milton J. Lobell was assigned in 1938 to investi
gate the several species of flounder. His principal
task was the study of the winter flounder, but he
made many observations on the yellowtail. Alfred
Perlmutter, from 1939 to 1942, continued the
study of the winter flounder, but, recognizing the
growing.commercial importance of the yellowtail,
he began to tag that species and obtain samples
of the commercial catch. In October 1942, a study
of the y~llowtail \vas begun by William F. Royce,
who was detailed to t.he port of New Bedford,
where most of the landings were being made. He
sampled the catch and interviewed fishermen for
inf~rmation on place of fishing and amount of
fishing effort. This work was continued by Ray
mond .J. Buller from 1946 to 1949 and by Ernest
D. Premetz from 1949 to 1951. O. E. Sette made
available the data on eggs and larvae of yellow
tail that he had collected in connection with his
inv£'stigation of the mackerel in 1929 and 1932.
We also acknowledge the interest ane1 cooperation

of many fishermen, especially Captains Albert
Griek and R. E. Sutcliffe.

COMMERCIAL PRODUCTION OF
YELLOWTAIL
PRICE TRENDS

Before considering any of the data that may
have had a bearing on the decline of the yellow
tail flounder, we considered the possibility that
fillctuations in the catch may have been due to
ehanges in demand. In table 1 we have assembled
data from the statisticn.l reports of the United
States Fish and Wildlife Serviee on the aver
age annual priees received for yellowtail by the
fishermen. The data indicate that the greatly in
creased production from 1938 to 1942 was nc
eompanied b~y an increase in price that may well
have contributed to the increased production.
However, the price rose further in 1943 when pro
duetion declined markedly. In late 1943, in 1944,
1945, and part of 1946, prices were fixed under
wartime price regulations, and we can note only
that during this period production continued to
be £!tirly small. After controls were removed in
1946, the average pr-ice rose to 8.1 cents a pound
in 1947 and continued to rise in the following
yeRi's, reaching 13 cents a pound in 1951-a price
almost three times that of 1942, the peak pro
duetion year. Despite this incentive the fishermen
produced far less in 1951 than in 1942. Thus, the
production of yellowtail has declined and. re
nutined low despite increases in price that reflect
larger markets and greater demand. From this
we have concluded that the decline in production
was not due to a dem'ease in demand.

TABLE I.-Allernge price rece.ived byjisherme.n in New Eng
land for tftUowtail, by years, 1938-lj1

Price I Price

-19<-38-__-__-_-_-~.-__~~_r -__-__-_II_PC-(-~-p~-~-:.~-,I..... __~== ":':':,;
1939____________________ 12.0 1946 .________ 7.0
1940____________________ 12.2 1947____________________ 8.1
1941..__ __ __ • 2.4 1948___ ___ ___ ___ 9.2
1942 :_ 4.S 1949____________________ 9.5
1943____________________ 7.0 1950____________________ 10.6
1944..__________________ 6.4 JI951._------------------ 13.0

--------'-----"'--
I lnclud~s small Quantlt.i~s 01 sand dab (Hippoglnssnide. plaUo.aid,,).
• Prioo at prln~II)ll,1 ports 01 Gloucester, Boston. and Portlancl only.

LANDINGS

Detailed records on the landings of most species
of fish in the northeastern United States ltre
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a\railable from the published reports of the United
St.ates Fish and Wildlife Service. Since 1938,
when the several species of flounders were sep
arated in the statistics, these records show land
ings of yellowt.ail from Maine to New Jersey
(table 2). From north to south, the ports of
landing have ineluded Gloucester, Boston, Plym-

outh, Provineetown, Chat.ham, "Voods Hole, New
Bedford, Point .Judith, Stoningtoll, MOlltauk, and
New York City, with a few smaller ports receiv
illg minor quantities. Since 1!>41, 50 percent or
more of the yellowtail catch has been landed at
New Bedford, Mass., with no other port. even
close in tot.al volume.

TABLE 2.-Annual United States landings of yeilowtClil, by ports and years, 1938-49

[In thousands of pounds; see appendix A, p. 237, for source of the datal

Year

1938 • " _
1939 • _
1940 .• _
1941 •• • • _
1942 • __ • • ._
1943 • ._. _
1944 • • • _
1945. .• • "" __
1946 •• _. . _
1947 • _. _
1948 "_•__ • •• _
1949_. • • • ._

Massachusetts
Long 1s\an,\

Maine Rhode Connect- New York and Total'
Cape Cod New Island ieut City New Jersey

Gloucester Boston and Bedford
Plymouth

-------
301 108 3.012 7.794 6,071 3M 1,781 2,041 1,343 22,815
2"..2 642 3.679 5,621 10,720 397 3,129 3.725 591 28,726
827 2.380 4,587 :1,866 17,519 1,059 4,090 4,183 2,361 40,872
276 2.058 3,133 4,394 28.327 334 4,246 6,44U 2,481 51,689

26 3,27i 2.328 5,605 36,722 2.420 6. 1113 8,568 3,439 68,578
46 1,152 1,782 4,484 25,479 2,052 3.605 4,027 3,160 45,787

127 901 964 2,999 14,354 3.027 3.187 1,428 4,090 31,077
73 1,139 4,208 3,173 15,83S 2,852 2,801 ·521 2,564 33,169
37 486 3,268

2,680 I 17,128 2.24U
3,171 I 394 1,917 31,321

91 441 3.238 2,564 20.822 2,259 3,006 821 2.M2 35,754
118 1\35 3,258 2.320 25,214 3.293 1,352 1.201 1,577 38,968
120 567 1.702 2, 338 19,652 '1,956 , 995 21,072 '1,408 '29.810

I Slight discrepancies occur due to rounding off of the figures.
, Includes some estimal-Cs.

PRODUCING AREAS

In order to determine the catch of yellowtail
from each stock as defined Oll page 18;~, the loealit.y
fished was determined for each vessel landing at
each port. Source of the catch has been obtained
for all species of fish for many years at the prin
cipal ports of Boston, Gloucester, and Portland,
and since 1942 at the port of New Bedford,
where the collection of such information was com
menced especially for the study of the yellowtail.
At these ports the capt.ain or mate of each vessel
was interviewed to leo,rn where he fished, how
long he .fished, and what he caught. His catch
was then allocated to its statistical area (fig. 1),
according t.o the system described by Rounsefell
(1948) .

At. the smaller ports of Plymouth, Province
town, Chatham, Stonington, Point Judith, and
Montauk Point, the vessels were smaller and
fished closer to port. Usually, after interviews
with a few fishermen each year, the cat.ch landed
at these ports could be allocated satisfactorily to
the one or two statistical areas con('.erned. At a
few other ports, where the vessels were larger and
interviews wit.h t.he fishermen indicated that they
fished with the New Bedford fleet, the landings

were allocat.ed among st.atistical areas in pl;opor
tion to the New Bedford landings. The ·methods
of allocat.ion are listed in appendix B, page 2afoi
and the resulting data are given in table 3.

Table 3 is the basis for many of the computa
tions in this paper that concern the yellowtail
populations, and it will be referred to repeatedly,
At this point we note merely the following points:
First., that the largest but also greatly fluctuat.ing
catches have come from the adjoining statistical
subareas 0, Q, S, and R, which are south of
.Massachusetts and Rhode Island; second, that
moderate quantities of yellowtail have consist
ently been caught near Cape Cod in subareas E
and G; and thir~d, that the catches from Georges
Bank, subareas H, J, M, and N, greatly increased
from 1946 to 1949.

These statistieal subareas, separated by major
ecological and political boundaries, necessarily in
clude It wide range of dept.h zones and bottom
types, and thus give rather a poor idea of the
ecological eonditions preferred by the yellowtail.
To provide more precise knowledge of the local
ities inhabited by this flounder, we have m8lde l\

specinI study of the catch landed at New Bedford
during 194a and 1947 and allocated it to smaller
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TABLg ~.-Unill!d Siale., landings of yellowtail, by monlh and fishing area, 1942-49

[In thou.~ands 01 pounds]

St"tisl ieal area-

Nova New England Banks (XXIII Off Total'
~~~~i:~ 1------.---,...---.--------.-----,-----.--------.---,...----,----1 l~~~~
(XXI) R-C-D E G H M N 0 l~-R S (XXIII)

/945

-------- ---- ----------------_.-------------------------
194'

January._ .. _....... 8 3 261 16 3il 21 16 74 3,986 571 250February.• __ ... _._. -~ ----- _.- 2 265 16 10 2 28 2,263 1,088 340March..... _.. _.... -- -- -- -- -- 4 320 28 50 1 69 3 3, 419 918 1,836 583ApriL..... _.... _.. 6 , 38 197 12 !l3 4Y5 2 943 886 3,316 41;5May.... _.. _....... I. .. ---- -- -- 25 115 11 G5 144 12 374 1,129 1,210 134June... _........ _.. ---- ------ 45 19. 8 72 ~3 2 50 3,221 1,113 214July._•. _...... ___ ._ 9 I 61 1fo3 2 2; 14 645 4,m8 479 240August........... _. ---------- 18 355 10 19 3,931 3.042 287 143September. _... __ .. I 36 629 7 24 4,632 4il 190 96Oetoher.. __ .... __ ._ -- --- ----- 84 42 :i 21 6,303 S04 519 260NOvember.. _'. __ ._ 8 168 3 8 Ii 77 20 1,841 1,690 525 252December_. _....... ---------- ---------- 224 40 625 ---------- 4 15 6 2,541 539 332._-----------------------------.-------Tot:\I.._ ..... _ 40 26 1.545 1,785 1,108 284 921 72 22,246 25.51\9 11,673 3,309 68,578= == = = = == - = ---=---====---------1943

January __ " _'" __ ._ I 5 235 5 784 8 25 1.338 2,542 752 273February.•........ _ -- -- -- --_. 24 257 14 208 5 2 1,613 1,28Y 674 279March ..... ___ . _... _ 5 149 2;6 12 46 46 2,473 1,146 923 387ApriL ... __ ... ___ .. 11 12 r-.s 69 8 89 398 26 360 1,677 62; 329May...... __ "'" __ 32 95 165 55 86 226 23 242 72'l 458 207June.. _"" _...... _ 38 I; 55 83 25 r,y 124 26 230 1,601 WI 100July...•.... _. __ ... _ 12 3 52 78 171 20 61 135 3,016 283 104August.... __ .. __ ._. 40 51\ 138 " 3 2. 8 1,739 3,496 355 ISOSept.embcr. __ ""'_ I 2 31 56 I; 19 3.945 7"..6 205 103October _... _...... _ 2 5 157 54 11 --- -- - ---- ---- -- - --- 1,885 IU6 94 81November..• _.,. __ 159 2 561 16 11 8 83 60 119 1,578 144 79December.. ___ ..... 25 IU )f,(J I 2 ---------- - - -~ - ----- --- --- ---- 100 186 339 236---------------------------------------TotaL....... 32\ 74 1,876 955 1,279 292 997 216 14.179 18.085 5,155 2,358 45,78
------=====---= ------- = ----------=/944

January..... __ ..... -------- -- IU 298 51 1,4SO 73 42 55 2,190 1,0\5 441February... _.. _.. _. 2 8 220 78 360 15 48 567 \,677 1,133 353March..... _.. _.. _. 8 212 172 691 9 69 15 1.063 7~6 I, 252 415

~:~l:~=====: =: ::::: II 7 1M 163 19 45 91 18 284 635 1,101 498
69 II 133 236 62 24 28 35 41 34\ 514 246June..... _.. ,_ ..... 12 1\ 37 67 13 21 8 16 49 393 359 176July..... __ ..... ___ . 60 56 244 9 8 3 14 49 1,630 682 280August_ .• _.... _. __ . 24 7U 188 3 13 26 15 727 1,5l1 433 240September.. _..... _ 2 2 121 100 2 5 10 9'l 12 6October..._... _. __ . 34 153 138 2 7 4 2 14 169 309 155November _..... ___ 148 3 202 14 11 8 40 8 52 243 :i28 201,

December........ __ 246 13 911 59 277 13 8 16 231 27'l 121

TotaL..... __ . 608 68 1.825 \.510 2,929 140 380 221 3,009 9,850 7,410 3,137 31,087
----==-------===---=--;--------- -----====

January .
February . _
Mareh... _.... _. __ .
ApriL._ .. _. __ "" _.
May __ .
June_ __ . __ ..
July . _._
Au~ust __ _.
S,'ptemher.. _ __
Oetohpr. _ .
Novl'mhpr. _
Decemher.. _. _. __ ._

To!.aL.... __ ..

93
30
20
57

5\7
53:.!
684
564
191

1,007
575
434

4,734

3
2
5

2

14
3

30

125
333
170
105
137
38
18
23
:lY
69

196
128

1,381

If,
30

283
299
165
79
64
59
57

109
6

11\

1.173

945
507
1;2

21
39
46
24
31
3

II
27
41

I, sr.;

3
26
9

33
23
23
36
II

4

lr-.s

13
3

13
61
4
3

53
461
.'is
12
28
~

711

19
3
5

22
58
47
24
8
2

34
22

244

113
3b1
816
133
120
130
109
148
588

2,373
1.457

188

59'"d
706

1.668
20;
161
167
813

2,052
1,900

635
2,031

296

11,229

422
347
626
224
120
5f,

731
126
48

142
408
364

3,615

195
159
291
88
53
28

174
60
24
71

177
162

1.4t12 33,169

/946

---- ::::=== ----- ----- ----= --------===----------"===

,Janu3.I')' . _
F~bru(\ry_._ .. _ _
MarcIl. .. .
ApriL .. _.. ._ .
May. ._. .
Jllnl~ . _
July._. .... _....
Au~lI.t.... -.. -----.
September.. "" _.,
OetlJber __ . __ .. ._
No\·,-~mber _
Dl'('l'mh(>r _

13
I
1

21i
110
266
759
644
29
92

560
336

3

1
5
2
4
3
7

222
2fj2
82
57
59

151
1Il3
75
72
87

131
114

54
19

334
277
HlU
li5

lOS
107
112
,0
12
21

385
II\()
2ti
29
25
5U
16
7
3
3

45
1\4

2
7

13
35
14
5

16
25
17
38
15

I
6

32
38
84
5

17
167

2
45

159
52

32
4

25
49
79
10
25
69

17
2
3

445
209
980

45
49
27
95

1,102
1.248
2,220
1.422

10

419
444

1.143
76
67

355
1,730

2\10
2Y2
fj42
i53

2,469

862
331
SU9
30~

263
888
260

78
104
279
445
494

397
160
367
154
132
21\8

77
39
52

145
145
2iH

Tot,\L_._____ 2.737 30 1,415 1,359 SU3 187 608 315 7,852 8,680 5.121 2,214' 31,321
======------===---==------_----:==

I Slight diserepanelps oceur dll~ to rounding off 01 thp figures.
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TABLE 3.-United Slates landings of yellowtail, by month and fishing area, 1942-49-Cont.inued

(In thousands of pounds)

173

Statistical area-

Datc NO"a New England B,mks (XXII) Off Total'
Scotian - Long
Banks I Island
(XXI) B-C-D E G H 1 M N 0 Q-It S (XXIII)
---------------------------------------

1947

.January_______ . ____ 62 3 154 31 126 5 35 94 231 2,172 221 17February. _________ 22 2 13 29 42 22 132 il 199 453 69 16March_. ______ .. ___ 36 20 131 40 45 12 107 72 300 1.494 215 28April_______________ 82 15 165 70 55 80 270 94 ~86 846 :!-to 29May __ . ______ ._. ___ 305 3 50 72 100 31 63 96 273 588 183 14June. _. ______ . _. ___ 428 50 8fI 59 39 37 103 263 964 453 26July.. ____ . ___ . __ . __ 323 2 lIO 444 40 18 2tl 124 189 1,792 541 381August____ . _________ 94 .- ... ----- 47 178 40 J4 29 47 1,278 401 53 18
Septembcr. _•. ---.- 24 I 142 72 40 12 22 910 2,098 473 71 20October______ . _____ 39 I 13·1 50 57 14 79 745 2,446 1,391 101 23
November _________ 85 I 99 43 lI2 7 46 73 292 2,198 138 17Dccember__________ 136 1 122 55 616 7 39 69 241 2,395 524 45-----------------------------------------TotaL ___ . ___ 1,636 49 1,217 1.170 1,332 261 885 2,498 8,096 15.167 2,809 634 35,754

---= = --------------------------= ----
1948

January_. __ ._. _____ 411 2 lOS 40 285 9 48 190 190 1,102 595 122February__________ 96 2 95 12 149 4 60 267 263 685 167 145
March_ •.. _ 34 2 84 8 19 2 58 191 276 650 400 378April _________ . _____ 27 3 204 21 20 68 81 1i2 378 399 430 67
May•• __ ._. _______ . 754 _._-----.- 77 29 46 7 229 180 473 379 lI3 61June____ . ____ . _____ 1, 133 2 86 30 95 10 61 165 258 555 336 600July_______ . __ . _____ 377 Il lI5 42 36 21 152 188 I,I~O 914 471 i5;August_______ . _____ 102 .------ .- 5li 37 25 8 235 2.817 962 207 34 55
Scptembe,' __ .. _____ 59 _.. - _. - --- 71 49 40 9 709 2,195 1,244 285 68 80
Octoher __ . ___ . _____ if! 49 48 29 5 140 2,724 1,369 288 70 81
Novembcr __ .. _____ 192 I 64 26 49 20 lI8 220 2,376 550 40 59Dc('t'mber__________ 247 -~ --. ----- 8:{ 30 52 13 65 186 264 1,431 59 66

-----------------------------_.--------TotaL _. _____ 3,137 23 1,092 372 845 176 1,956 9,495 9,173 7,445 2,783 2,471 38,91lS

= -------= -----------= = ----------===
/949

January. _____ . _____ 14 4 176 85 265 II 209 107 225 887 48 2
Februar~' ___ . ______ 8 I Ir.o 82 III 3 236 97 570 794 36 2
Marcb•• ____ .. _____ 9 5 lOS 145 162 6 417 104 585 280 17 2April .. _____________ 131 5 140 140 33 47 300 109 142 132 130 2May _______________ 49 2 6l 136 146 17 164 113 111 64 40 1June. ________ . _____ 56 3 74 102 165 16 236 343 269 94 31 30July ________________ 44 I 67 115 59 12 272 928 156 131 179 Il
August. ____________ 21 -~ ----. --- 34 103 37 Ii 2,523 1,021 392 117 16 2
September. __ . _____ 8 49 153 45 46 2,304 95 848 93 13 2
Octoher_... _.. _____ 36 9 165 123 33 3 2,414 624 377 125 15 2
November __ ... ____ 228 13 144 124 42 5 1,043 338 964 343 Ir.
December. ___ . _____ 47 3 127 118 66 4 234 526 965 9961 20

26

TotaL ___ .. __ MI 46 l, 305 1,406 1,164 176 10,352 4,405 5.604 4,056 561 84 29,810

I Slight discrepancies oeCllr due to rounding off of the f1gurt's.

aretts, or unit areas, which are rectangles of 10
minutes of latitude or longitude. to a side and en
close an area of about 70 square miles. Thus, for
about 60 percent. of the catch we have determined
the actual Uilit areas fished. By assuming that
this distribution of the catch was representative
of the fishing from all ports, during 194~ and
1947, the total catch for eadl subarea was a1lotted
among the unit areas. Figure ~ shows ~he local
ities fished and the catches made during W47.
The fishing grounds of 1943 were a.lmost identical
with those of 1947 and the.refore have not been
shown.

Most of the catch came from near the 20-fathom
contour from south of Montauk Point to south

of Nantucket Shoals, with smaller quantities
taken on Georges Bank, in the vic.inity of Cape
Cod, and fart,her north in the Gulf of Maine.
Most of the catch was taken between 15 and 35
fathoms, although Illodernte quantities were taken
out to a depth of 45 fathoms. This is the pre
ferred depth range of the speeies if we assume
that these fishing grounds represent the areas in
habit.ed by most. of the yellowtail. This assump
tion is reasonable, because there are very few lo
calities too rongh to trawl and most. of the Con
tinenta1 Shelf is heavily fished for other species.
The chance of yellowtail eoncentrations remain
ing undiscovered is extremely small.

The ocean, bottom in the areas of yellowtail
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FIGURE I.-Statistical areas on the New England Banks.

concentrations usually is indicated on the charts
as sand,. sand and gravel, gray sand, or sand and'
shell. Sand appears to be the constant ingredient,
and it is significant that the distribution of the
yellowtail corresponds closely to the location of
the near-shore sand zone delineated by Stetson
(1938). He describes the bottom sediments en
countered in a section running approximately due
south from Martha's Vineyard, and he stat.es (p.
14)-
At the six-mile mark, in 27.5 meters of water * * *.
Relatively cOllrse sands are encountered, interspersed
with finer, from this point seaward until 48 meters of
water is reached 18 miles from shore. This belt of
coarse material. flanked on either side by tiner sediment,
occurs in the other trll verses in the same relative posi
tion * * *. The sand is heavily stained with limonite
and is much redder than the beach material * * *. From
the sixteen-mile point onward the red stain disap
pears * * * it seems probable that othe sediments

throughout this zone are being strongly worked upon by
bottom cnrrents which vary greatly in velocity from
place to place.

Stetson further reports that this near-shore zone
of coarse sand was found in 10 to 29 fathoms in
a section running slightly east of south from
Block Island.

Our method of recording yellowtail-catch areas
does not pe.l,nit a precise statement of their
depths, but the unit areas south of the center of
Martha's Vineyard that produced yellowtail in
clude charted del)ths to 27 fathoms, with those
south southeast of Block Islnnd running to 37
fathoms. Furthermore, the fishermen reported
that very few fish were cllught in less t.han 15
fathoms. Thus, the zones of coarse reddish sand
and of yellowtail cat:ch are in fairly good agree
ment, but perhaps better evidence of such a rela
tion is to be found in the coloration of this
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FIGUIIE 2.-Yellowtail flounder :fishing areas and catch du I'ing 1947, Solid dots il1(lil.'nte 1 million pounds taken; partial
clots repI'esent fl'fictions of 1 million pounds, .

flounder which, like others of the group, adjusts
its color quickly to the bottom type. Character
istically, on most grounds where it is taken, the
yellowtail is speckled with rusty red spots from
% to 1 centimeter in diameter; hence, its other
common name, rusty dab.

With a preference for coarse, reddish sand in 15
to 35 fathoms of water, the yellowtail of com
mercial size on many of the grounds are sy.r
rounded by water depths and bottom types that
may be a deterrent if not a bar to migration. The
Fundinn Channel, more than 100 fathoms deep,
separates the Georges and Nova Scotian Banks;
the South Chnnnel with a minimum, central depth
of 36 fathoms separates Georges Bank from the
Nantucket Shoals region and only a narrow and
tenuous strip of between 15 and 35 fathoms exists
around Cape Cod and Nantucket Shoals. Thus

it would appear that movement of yellowtail pop
ultttions among these areas may be sparse or
lacking.

MIGRATIONS

The yellowtail in nOl,thwest Atlantic waters
has been described as a single species with a range
from Labrador to Virginia.. While morphologi
cal differences between populations of the yellow
tail may exist,1 we believe that they are slight in
the fishing areas from Maine to New Jersey.
Therefore, we have not attempted to show morpho
logical differences, but we have relied on tagging
to indicate the extent of intermingling and the
heterogeneity of the populations.

1 Scott (1954) has demonstrated differences In the rela tlve size
of the hene!. right pectoral fin, left otolith. nlll! dorsal nnl! unnl
fin-rn)' numbers h..tween Novn Scotian nne1 Cnpe Cod )·ellowtnll.
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FIGURE a.-Locations where tagged yellowtail were released. The data in the circle are the experiment number (from
.table 4), the date released, and the number released.

In discussing these groups of yellowtail we
shall use the word "population" to mean an
assemblage of yellowtail in a small area at a defi
nite time. The time specification is important
because it appears that different populations are
found in an area at different times. We shall use
the word "stock" to specify larger groups of yel
lowtail consisting of several intermingling popu
lations all of which can be fished by a single fleet
of vessels.

Between February 27, 1942, and August 31,
1949, a· total of 2,597 yellowtail was tagged and
released (table 4, fig. 3) on all of the major United
States fishing grounds. Recaptured through De
cember 1952 were 377, or 14.5 percent.

A tag consisting of two cellulose-nitrate disks
joined by a pure nickel pin was placed on each
fish selected for tagging. This tll.g had been suc
cessfully used with winter flounders (Perlmutter

1946), which are very similar to the yellowtail in
body shape and habits. The disk was % inch in
diameter and bore a serial number and instruction
to the finder regarding return of the tag. The
tag was attached by pushing the pin through the
muscular part of the fish's body about 11j2 inches
behind the head and%, inch from the base of the
dorstll fin. The pin was looped over with pliers
leaving about % inch for growth between the
disks and the body of the fish.

The finder was paid $1 for return of the tag,
but this was not always enough to stimulate a
busy fisherman to send in the tag. In the early
part of the program a considerable proportion of
the returns came from filleters and other han
dlers. By increasing our personal contact with
the fishermen, however, we obtained more tags
from them, as well as more complete information
concerning the recapture.



YELLOWTAIL FLOUNDER OFF NEW ENGLAND 177

TABLE 4.-Re/llrns from 2,597 tagged yellowtail fto1ll1der, by lot and locality, 1942-52

[Roman numerals and letters refer to International arras and subdivisions as shown In figure 1]

Number 01 fish recaptured in area-

XXIII
Time of recapture

South·
western

Long
Island

South·
eastern

Lonll
Island

s Q o G

XXII

E D H N

Un·
known

Total

Lot No.1 (227 fish released 8 to 9 mllcs south or .Iones
Beach. N. Y.. Fcb. 24, 1942, in area XXIII, southwrstern
I,ong Island):

Year 1942:

~~:e:ta~:.-~~:::::::::::::::::::::::::::::::::::::: g:::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::::::ApriL•• • . .__________________ 3 __ • . . . __ . . • .
June••• • • ._. ._________ 1 . .. __ • . 3
July_._. • . __ .____________ 1 I 9 . _.. _ ._____ 1
August__• . •• 5 . . . 4
September•••• _..• • • ._________ 4 . . ._. ._____ 1
October•• • • .. ._ 1 3 . . 2
Novcmber • • .__________________ 1 • . • _
December • . .__ 1 .__ . • . . _

Year 1943:January .__________________ 1 . . ._ . . _
February. •• • .__________ 1 . . . . . _

tJl~~::::::::::::::::::::::::::::::::::::::::::::: . ~_ :::::::::: :::::: ---'3- :::::: ::::: ::::: :::::: :::::: :::::: :::::: ::::::::::August •. • . . .__ 4 . .... _. _
Septcmbcr••••• __ •••• • . . .__ 1
October. •• __ , . . . __ . .__ 1 . .. . .

Year 1944:January. . • .__________________ 1 . • _
March•••• • • ._. . . . . • .__ . . _
May • • . . . . . _
November•••••. . . . . . _

Year 1945: September•• __ .• . •. .. 1 _. . • • __ •• _
Year 1946:.Ianuary .__________________ 1 . .. • __ . - __ . _

June._. • . ._. . .. .• _

3
9
3
8

12
9
~

6
2
1

1
1
1
3
5
I
1

TotaL _ 20 2 28
6 . • _ 17 78

================--=====

2
5
2
1
2
~

Lot No.2 (240 fish releused 16 to 20 miles southwest or
Montauk Point, N. Y., Mar. 2, 1942, In area XXIII,
southeastern Long Island):

Year 1942:March. __ • ••.•• ••• • •__ ._. ._______ 2 • •. _._ •• _ ._._. • __ .• •• .,. .• __
AprIL __ ••••••••• •••• ._ ...._. __ ._ •• _ •• _•• _. __ • 3 •• •• • __ • •• •• _ ._. • •__ • _
May•• __ •••••••••• _. •••••• ._:._. ••• _ •• _._ •• __ • 1 2 --1 _._ •• _ ••_., •• ,. _.• •• _. ••••
.Iune•• __ ••••••• __ ._. __ •••••••• __ •__ ••• _. ••• •••• • _•••• •• 1 3 _•• ._•• •• •••••• _. ••
July_. __ ••••••• •••• ._._ •• _. __•••• •••• •••• _._ ••• __ • 5 ._.'_. ._•••• __••__ ._. __ •• _•••• _•• -.-.-.
August. __ ._••••. _••• _•• ._••••••_._. •.••_ •• _•••• •••• ••• __• 1 •• •• _ .• __ ._ ••• _. • •••• ._.
October__ ••••• ._ •• _•••• _. __ • ._ •• _. • • ••••• •••• __ ••• 2 1 •••• , •__ ._. ••• _
November. __ •. ._ •••• __._._ ••• _. •••••_. __ ••.• __ .,. _._.__ 1 ._ •• _•• •__ ••• •__.,. • • •• __
December. ~ • • • ._. ~_. • ... • • • .__ 2

Yrsr 1943:
January__ ••••••• ._•• _._. ••• • •• __ • 1 ••• __ : 1 • ._. •• _._ •• ._•• • ._.
February_••__ ._._••• _••••• • ._. ._._ • •• ,_._ 1 1 ._ • ._._•• • __ •• , • __ • __ • • _
May. ••••••_._ •• _•••••• ._•••• .... •• _._ • • ._ 1. __ •__ • • _._._. •__ ._ .. __ • • __ •__ •• __.,. •__ • __
November __ ••• ••••••• ._••••• • ••• _ • •• __ . _•• •• .• __ • _._ •• •• , • ._. ., •••• •• _ 1

Year 1944: .
March __ • ••••••_. ._•• •__ ._ •• __ • • __ ._ •••••_ 1 __ ••• _ •••• _. •••••••.• _••• ., __ •• _. •••• -- •• _. _•••_._._.
August ._•••• _. ._•• ._ •• _. •__ •••••• , •• •• _•• _._ •• _.,. ••••••• , __ ._. __ ••• _••• __ ., .", ---.--

5
9
6
5
7
3
5
1
2

2
2
1
1

TotaL•• ._._. _. • _._ •••• • •__ •••••• _ 10 14 1 •••• _. _. __ •• ,,_,, •• __ • __ . _ 20 51

===================
Lot No.3 (405 fish released 5 miles northwcst of Race

Point, Mass., Mar. 18, 1942, in arL'S XXII, E):
Year 1942:

MlU"ch•••• ••• • ••• __ • ._••• __ • • ••• __ ._ •. • •• ._. •• _ __
ApriL. __ • •__ •• ••• •• • •.••_. •__ • • _.,_
May_._. ••• .• • .• ._._. •••• • ._. _._.,_.
.Iuly••• ._ •••• ._. ••• •. __ • . ._. • •• . ••• _.

Year 1943: March_._._ •• . .• • .. • • •• •

9 . __ • • . __ ._

3
1
1
1

16
4
2
I
I

TotaL_. __ .... • • ••• ._. ._. __ • • ._. _._.__ 15 ._. _., ------ 9
==-==============----===-=====

2
3

2

----j. :::::: :::::: :::::: :::::: :::~:: :::::: --------j-

1 • • • ., __ • _

2

Lot No.4 H31 fish released 16 milcs east southeast or No
M,ms Land, Mass., June 10. 1943, in arca XXII. Q):

Ycar 1943:
JUDe_. •• •• _. • __ • • •• __ • • _
August. _. • _•• •__ •• . _. •_•• _. •• __
Sept"mher._ . ••• ••. _. . __ •• ..•• •• __

Yoa.I944:

}#~~~~;!-:-:-:-::'-:!---::-~---:--:-:~:~--:---~~~:::~~-:::::--~:1::::;:~~= ~:::~ :::~ ~~~=I~===±=-j
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TABLE 4.-RetuT7ts from 2,597 tagged yellowtail flounder, by lot and locality, 1942-52-Continued

Number of fish recaptured In area-
--------;---------------------------

- sout;-;::t~~ ------1----------------------
western eastern S Q 0 G E D H M N

Long Long
Island Island

Time of recapture XXIII XXII
Un·

known

Total

=====--=========

.Lot No.5 (286 fish released, off Nantucket Shoals 47 miles
southea..t by south of No Mans Land, Oct. 22-24., 1943,
in art'a XXII 0):

Year 1943: October __ • __ .••• •. ••. __ •• •• • •• ••••_.__ 12 . •.•.• .•• _._ ..• . .••• _ 2 14
Year 19U:

January. __ .••• _•• __ •.• .• •••. . •..•• _•..•. _. __ ••.••• __ ._ •• _••••• __ ._ .••. •.. _•• __ •.• __ •••..••• . 1
FebrulLl'y ._•••••••••_._••..•• ••••••••••• ••.••••• __ ••••••__ •.•• .••.. .. __ •.•• _. •. '.'. ••• _ ••• 1 1
March._ •••••••_•••••••.••• __ ._ •. _. ••••••_. ._••.•••• •••• ••• .__ 1 _••••••• •• •.•••__••••. _._. • __ •• __ 1
ApriL. •• _••••••_•• _•• _•.• : •••.••••_••• ._ ••• __ •••• _.... 1 1 .••_._ •• _.••_•• .•••_•••••. _ .••• _••••••.. • 2

Vear 1945: . .
ApriL __ ._•.••• _••• __ •.• . ••• ._. • __ •__ "'_"_'__ •• • __ ••• ...• •• . •.• ••••• ._
November. __ • __ •• _•••••• ••• .••. • __ . __ . .•• __ ._. __ • .•.• _ ._ .•••• _•••• __ ._" •••• ._. ..
No d3te__ .••. •.•••••.•. •. .. _._. ._•• _••.• _. .•••_. •• •. __ •••• •. _. ••• •••••• ••

---------------------------------TotaL •• _._._ •• _. ._. .•_. _•••• .• . . 1 13 __ .. __ •.• _.. •. ••• ••.••• 22

Lot No. 6 (I.~ fish release,1 8 miles south by east of Point
Jodlth, Feb. 28--29, 1944, in area XXII, S):

Year 1944'
March•...••• _._. __ ...• •. •• _. .•• __ . • •• _._ 1 ",,_, • • "'_'_ •• __ •• • ••• __ •• _
July_ .._._ ••.• • .•. .•• •.. _•• _••••••_._ •• _._ ••••• ••••_._•••__•••••_•••• _._. __ .••••• •.••_ ..• _._

----------------------------------Total•••••• __ .• . .• ._. •• _. 1 _••••••• __ •••.•.•_ .•_. ._•• ••••.• 2
========== ==-~=

I,ot No.7 (189 f1Jh released 3 miles west of Cultivator
Buoy, Georges Bank, Jan. 28-31,1945. in srt'8 XXII, Hi:

Year 1945:Jannary . . . . . .' . . . __ . .____ 7 . . 7
Februsry . . . . . . . . .. _. 8 12
March •. ._. . . __ . ._ . . . . . ._. 2 . . ._ 2
AllriL. . •. . . -. .. _. ... 1

Year 1946:Janoary_. __ .. . . . . ... . . . . ._._. 1 .______ .1
Year 1949: January . . . __ . .. . . __ .. .. __ 1 .______ 1

TotaL . . .. ... __ . .. . . . 19 _ 5 24

Lot Nn. 8 (100 fisb rel.....sed 2 miles east of Cnltivator
Booy. Georges Bank, Jan. 17-18,1946, in area xxn, H):

Year 1946:J:muary_. .. . .. . . . . __
F..bruary. . . . ~ . ._ .. .. ... ._
March. . __ . .. . . __ . __ .. . . __

Year 1947: October . . . .. ..• . _

TomL. .. •. _. . .. .. . . . __ . . . _

2 _. . _

1
1
1
5 _

2

2

4
I
1
1

7

2
2
5
1
1
1

1
4
4
1
1
1
1
1
1

Lot No.9 (138 fish released 5 to 8 miles sooth southeast
of Nauset Beach Light, Jone 14, 1946, In area XXII,
0):

Year 1946:Jone•.. ._: .. . . . . ... .. . ._ ._____ 2

~~~ust~~::::::::::::::::::::::::::::::::::::::::: :::::::::: :::::::::: :::::: :::::: -·--i- ----3- :::::: :::::: :::::: :::::: :::::: ~
~gv~;::~:~::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::: :::::: :::::: :::::: ~_ :::::: :::::: :::::: :::::: :::::: --------i-December._. .. ._. .. . ... ._____ 1

Year 1947:

~~r-:::::::::::::::::::::::::::::::::::::::::: :::::::::: :::::::::: :::::: :::::: :::::: ----2· :::::: :::::: ::.:::: :::::: :::::: ~

t!ii~-:::::::::::::::::::::::::::::::::::::::::::- :::::::::: ::::':::::: :::::: :::::: :::::: ::::~: :::::: :::::: :::::: :::::: :::::: !
t~~~~~~~:::::::::::::::::::::::::::::::::::::: :::::::::: :::::::::: :::::: :::::: :::::: ..J :::::: ::::i: :::::: :::::: :::::: ::::::::::November_. . __ ••••. __ . . . . .. .. .. ._____ 1 . . . __ . _

Year 1948:January __ . . . . .. . __ . ._. 1 _. . .________ 1
February . ._. . ._._. __ ..__ . .. . . .____ 1 1

fJ~~l__:::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::: :::::: :::::: :::::: . ~_ :::::: :::::: :::::: :::::: 2 ~Decemher_. . . . __ . __ ... . ._____ 1 . ._ . 1

~:~~--:~.::::-:::-::::::::::: :-,::-:::::::~ ~::::-::::::J=-l::;- ,t ~~I::::;: ~~~~::: ~ -=-J
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TABLE 4.-Returns from 2,597 tagged yellowtail flounder, by lot and locality, 1942-52-Contillued

Number of flsh recaptured in area-
--------_._---

179

XXIIITimc of recapture

South·
western

Long
Island

South
eastern
Long

Island

s Q o o

XXII

E D H M N

Un
known

Total

7
9
7
1
2

----------_._-------------- --- ---- -- --- --- --- --- ------ --- --- ----- ---
Lot No. 10 (158 flsh released 14 miles southeast of No

Mans Laud, July 19, 1946, In area XXII, Qj:
Year 1946:

~~~st~::::::·:::::::::::::::::::::::::::::::::::: :::::::::: :::::::::: :::::: 1----ii- :::::: :::::: :::::: :::::: :::::: :::::: ---·----2-September . • • • • . 3 2 . ._. • 2
October. . . • • • __ . ._._ . ._ 1
November __ • • • ._________ 1 • . __ .• ._ 1

Year 1947:January. • . __ .• .- . __ . • ._ 1
August . • .• . • .____ 1 . • .. •
October••. . . . __ ._~ . • • •. , . 1

Yearl!K8: August . __ . __ . • -__________ 1 . . • _
----------------- ---------------------- ---TotaL ._. . __ . . . • 2 15 5 . .. _ 8 30
=============

I,ot No. 11 (228 flsh released oft Nantucket Shoals 00 miles
soutbeast ~, mile south of No Mans I.and, Aug. 21-23,
1946, In area XXII, 0):

Year 1946:

~':~:.i:ie;:::::::::::::::::::::::::::::::::::::::: ::::::~::: :::::::::: --.oj. Ig :::::: :::::: :::::: :::::: :::::: :::::: :::::: ~October••• . . • • 1 4 .• _
November•• .. __ • . . .• • • _

.December • • . . . • 2 __ • • • _

Year 1947:January . • • __ ._________ 1 , ._ • • _
July_•••• . . . • 3 1 __ • . _

~7i~::~:~::::::::::::::::::::::::::::::::~~ ::::::~::: :::::~~::: ::::~: ::::i: __ .. ~_ :~~~~~ ~::~:: :~~:~: :::~:: :~:::: ::::~: ::::::::::
Year 1948: March. • ._ .. .. . . • • .. _

21
13
5
1
2

1
4
2
1
2
1

TotaL. __ . __ .• , . • . • ._ • _ 8 27 2 . • _ 15 53
============ =

Lot No. 12 (270 fish released 3 miles southeast of Nauset
Harbor, May 26-27, 1948,ln area XXII, 0):

Year 1949:February •• • • . . • • .____ 1 .. . ._ 1 2
March. . . • • . . ._ • • . __ . . • ._ 2 2

- AprIL. • . ._. • .. ._ 1 ._ 2 3
Year 1951: January • • • ._ 1 ._ 1

TotaL • • • . • . _
(- - ----- ------ ----.- ------ 5 8

=============
Lot No. 13 (150 flsh released 5 miles north 10 miles north

northeast of Race Point, June 8,1948, in area XXII, E):
Year 1948:

~~ei_iiber_·:::::::::::::::::::::::::::::::::::::: :::::::::: :::::::::: :::::: :::::: :::::: :::::: . ~_ :::::: :::::: :::::: :::::: --------j.
Year 1949:

~~~:::::::::::::::::::::::::::::::::::::::::: :::-::::::: :::::::::: :::::: :::::: :::::: :::::: --_.j- :::::: :::::: :::::: :::::: ._------~-June_. • •• • ._. __ •• • ._. • •.• • . . . ._ 1
November __ • __ • • • ._ •• . • ._. 1 • •• • •

Year 1950: ,January_. . • • . • 1 •• ._ •• .••
February__ •. • • • • • • • •• ._ 1
March . • • • • • . • • ._ 1

Year 1951: July • • . • • .___ 1 •__ • .• _
----------------------------------TotaI. • ••• __ ••••_. • • • •• __ . • . 5 . ._ 10
===============

Lot No. 14 (51 flsh released 65 miles east and 105 miles
east ~ south of Nantueket Lightship, Aug. 28-31, 1949,
in area XXII, N):

Year 1949:August. • • • . • • __ .___ 2 3
September •• __ • . • • . ._. ._ 1 2
October ._. •• 1 I
November .. ' •• • .• 2 2

Year 1950:January . • • • . .__ 1 • ._____ 1
February . c_____________ 1 • __ •• __ ._____ 1 ._____ 2
March • . , 1
ApriL. • . .. _. . • . . • • --::_ 1 1
June • • . • 1 ._____ 1

YeaFi~:~~~~~~:.~:~-~~~~~:~~~~~~~~~~~~~~~~~~~:~~~:~~~~~~~~~ ~~~~~~~~~~ ~~~~~~ :::~~: ~~~~~_ ~~~~~ ~~~~~~ ~~~~~: ~~~~~ ~~~ ::::~: :==J_ _ !
TotaL __ •• • •• ._. • -1-. __ . ._ 2 1 • 1 9 8 21
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Recaptured
Degree of Number -,-__

injury tagged

TABLE 5.-Recf!-p!.lIred ye!lowtail cla88ified by degree oj
t1IJllry at IUlle oj tagging

[Based on lot Nos. 9, 10, 12, 13, and 14]

group, not noticeably injured, wern recovered at
a rate of 19.7 percent, from the 1 group, 13.1 per
cent and t.he 2 group, only 3 percent. The chi
square va.1ue of the smaller difference between
groups 0 and 1 is 4.32, a statistically significant
value. In addition to such direct e.vidence, the
low returns from one release off Cape Cod (lot
No.3, 5.9 percent), which was tagged under se
vere weather conditions in a heavily fished area,
suggest that. considerable mortn.lity due to t.ag
ging occurred. Obviously, our methods of "han
dling killed some of the tagged fish and, equally
obvious, in future experiments only completely
uninjured fish should be used even though others
may be lively.

Evidence of a regular seasonal migration is
provided by the recovery of yellowtail (lot No.1)
released off Jones Beach, N. Y., in February 1942
(table 4). These fish were recaptured on the
principal fishing grounds off No Mans Land and
Nantucket (fig. 4) in the summers of 1942, 1943,
and 1945, and back near the point of their release
in the winters of 1943, 1944, and 1946. These win
ter recaptures are especially significant because
the majority of the landings in the winter fishery
originated from the grounds off No Mans Land
and Nantucket Shoals (ta:ble 3). This indicates
that. the fish tagged off Jones Beach are not a
part of the stock found off Nantucket Shoals and
No Mans Land in the winter, and suggests that the
population found off Nantucket and No Mnus
Laud in the summer differs from the winter pop
ulation of the same place.

A similar pattern of migration is e.vident from
the recaptures of yellowtail released off Montauk
Point (fig. 4). These tagged fish were taken to
the e.ast of No Mans Land and Nantucket Shoals
during t.he summer of 1942 n.nd back off Monta.uk
Point in the winters of 1943 and 1944. It may
be significant that no fish released off Montauk
Point were recaptured off Jones Beach. It appears

0 213
1. •• 329
2_____________ 203

19.7
13. 1
3

42
43
6

91 • • _

Number Percent

745TotaL_

Fortunately, our difficulties with the tags and
pins were not nearly as serious as those reported
by Calhoun, Fry, and Hughes (1951, p. 310).
They reported that at the end of 7 months in an
aquarium "19 ·of the 20 tags in which the nickel
pins had been used had fallen off as a direct re
sult of pin corrosion." In our experiments with
yellowtail we recovered 1 tagged specimen aft.er
it had been out 5 years and 11 months, 'and 58 of
our 377 recaptures were made after a year at sea.
Of 52 of the t.ags that had been out more than 1
year (all of which were available for examina
tion), pin corrosion was evident in only 2, which
were out 3 years and 5 months, and 2 years and 8
months. Of course, flounders that had lost their
tags could not. be distinguished in the commercia'!
catch, but if corrosion had heen a serious problem
many more 'partly corroded pins should have been
recovered. However, the finding of even 2 cor
roded pins indicates that some tags probably were
lost and this probability must. be considered in
estimates of mortality from the tagging data.

The yellowtail collected for tagging were
caught with otter-trawl nets from commercin,l ves
sels prior to June. 1946,and subsequently from the
Fish and Wildlife Service vessels Skimlmer and
Albatro88 III (except lot No. 11 released in Au
gust 1946). Nruturally, only lively fish were se
lected for release, although with the Service ves
sels it was possible to make short tows and give
the fish much better ·handling. Even when the
fish were given the best of handling and appeared
to be in good condition, many were slightly in
jured and probably some mortality occurred.
Manzer (1952), who tagged Pacific coast flounder
with the Petersen disk tag, found considerable
mortalit.y even under the best conditions.

Most of the yellowtail released from the Service
vessels were classified in three groups according to
the degree of visible injury (table 5) : those with
no injury apparent under casual examination (0) ;
those with marks less severe than the following
(1) ; those with more than three splits in fins, or
with any 'part of a fin missing, or wirth red marks
on the white side more than 2 millimeters wide,
or with more than 2 square centimeters of scales
missing from the dark side (2). All fish showing
severe injury or any lethargy were rejected.

La.rge differences were found in the recovery
rates of t.he three groups. Fish from the 0
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FIGURE 4.-Distant recaptures of yellowtail released off Jones Beach (No.1), Montauk Point (No.2), Provincetown
(Nos. 3 and 13), and east of Nantucket LightshiI) iNo. 14).

probable that the" fish from Montauk Point
mingled with those from Jones Beach on the
grounds off southern Massachusetts during the
summer and separated from them in the winter
on"the westward migration.

Recaptures from the yellowtail released off No
Mans Land and Nantucket Shoals during the sum
mer and fall months of 1943 and 1946 (fig. 5)
were almost all made in the area where the fish
had been released or in the areas between Block
Island and Nantucket Shoals. Only one flounder
was caught westward off Jones Beach and only
one moved eastward "to be caught on Georges
Bank.

The yellowtail that were released off Race Point
on the tip of Cape Cod (fig. 4) remained in the
eastenl Massachusetts area, although one was
caught as far I).orth as Ipswich Bay, just north
of Gloucester. Those fish tagged off Nauset

Beach ranged farther (fig. 5) : one moved across
Nantucket Shoals to be recaptured south of Nan
tucket, one was caught off Maine, and other yel
lowtail were taken in Cape Code Bay neal' Plym
outh, Muss.

Those released in the Cultivator Buoy region
on Georges Bank (lot Nos. 7 and 8) were recap
tured in the same area, one of them 4 years later.
Thus, there was no evidence of migration from
this area, even though we suspect that these fish
must mix to some· extent with those on the other
parts of Georges Bank.

The yellowtail tagged on the southwestern part
of Georges Bank, east of Nantucket Lightship
(fig. 4), were mostly recaptured in the area of
release, but one had migrated to the Cultivator
Shoals area and three moved westward to cross
South Channel and were taken south of Nan
tucket and off No Mans Land. These three fish
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FIGURE 5.-Distant recaptures of yellowtail lI.ounder released off No Mans .Land (Nos. 4 and 10), Nantucket Shoals
(Nos. 5 and 11) and off Nauset Beach (Nos. 9 and 12).

were winter returns from summer releases, and
Clyde C. Taylor has suggested that they indicate
a seasonal migration from Georges Bank to the
southern New England grounds in the winter
time. There was also one winter return from
southwestern Georges Bank. It would be con
sistent with the returns from this one experiment
to postulate a summer population on Georges
Bank which moves westward to the southern New
England grounds in the winter. Such an east
west migration would be similar to the seasonal
movements already noted for t.he releases south of
Lo:ng Island. It appears unlikely that such a
seasonal migration involved many fish during the
peak years of the fishery, because only minor
quantities of yellowtail were taken on Georges
Bank by the extensive otter-trawl fisheries prior
to 1947.

These recaptures do indicate only a small

amount of intermingling among the populations
on the major fishing grounds. The Nantucket
Shoals, which are shallower than the preferred
depth of the yellowtail flounder, apparently limit
migration across them. Considering only .the
tagged yellowtail released in adjacent areas, we
noted that. none of the 54 fish recapt.ured from the

.514 released in subarea 0 were found across
Nantucket Shoals, and only 1 of the 15 recaptures
from the 408tish tagged off the east side of Cape
Cod was found south across the Shoals. South
Channel appears to be somewhat less of a deter
rent to movement because 1 fish tagged in subarea
o west of the Channel was found east of it and
3 of 12 recapt.ures from the 51 tagged in subarea
N just east of the Channel were found west of it.

In general, then, the yellowtail are to be found
in relatively localized populations, which may
make short, seasonal migrations. Our most dis-
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tant recapture was only 170 miles from the point
of release, and the majority of the recaptures
were within 50 miles of their points of release.
In this respect, movement of the yellowtail is
not quite as localized as that of the winter
flounder (Perlmutter 1946), but certainly it
ra~ges far less than do such species as the cod,
str1ped bass, and mackerel.

YELLOWTAIL STOCKS

The tagging data when considered together
with the concentrations of fishing effort provide
the basis for delineating the stock of yellowta.il.
A stock is defined here as the population or popu
lations of yellowtail which occur in a fishinO' con-t> .

centration during a year. In the following
paragraphs we delineate the stocks and discuss
for the minor stocks the trends in production and
problems of intermingling. The discussion of the
southern New England stock will be the subjeet
of most of the rest of this report.

1. Southe7'n Ne'l.ll England Stoo~~.--:This stock
is found between Nant.ueket Shoals and Long Is
land, chiefly in water 15 to 35 fathoms in depth.
It appears to be limited on the sout.hwest by unsuit.
able temperature eondit.ions and on t.he east by
the less-favorable shoal waters of Nantucket
Shoals and the deep waters of Sout.h Channel.
The populations intermingle to a large extent, but
are not entirely homogeneous. The area is close
enough to the scattered small fishing ports to en
able the small trawlers to fish any eoncentration
that they may find.

2. Georges Bank Stook.-This stoek tends to be
restricted to Georges Bank by the less-favored
deep waters around the Bank. This area is acces
sible to medium and large'trawlers, which fish the
entire Bank except for a few small areas where the
bottom is too rough. For many years the GeOrges
Bank catch of yellowtail flounders was taken
either in the winter in the Cultivator Shoals area
by vessels seeking yellowtail or ineidentally
throughout the year on the rest of the Bank by
vessels seeking other speeies of fish. Beginnina
• 0

m 1947, inereasing quantities of yellowtail were
found on southwestern Georges Bank, and in 1948
and 1949 much larger quantities were obtained on
southeastern and southwestern Georges Bank
(tables 3 and 6).

TABLE 6.-Annual Unitef/ States landings of yellowtail by
stocks, 1945'-49

[In thousands of pounds]

Southern Georges Care Northern NO"a
Year New Bank Cod Gulf of l:!cotian Total'

England Maine Banks
----------------------
1942____ • ___ 62.797 2.385 3.330 26 40 68.57811143________ 39.777 2. 784 2.831 74 321 45.7871944___ • ____ 23.406 3.670 3.335 68 608 31.0871945________ 22.86\ 2.989 2.554 30 4.734 33.1611
1946____ • ___ 23.867 1.913 2.774 30 2.737 31,3211947________

26.
706

1
4,976 2.387 49 1.636 35.7541948________ 21.872 12.472 1.464 23 3.137 38.968

1949__ ••• ___ 10.305 16.097 2.711 46 651 29.810

I Slight discrepancies occur due to rounding off of the figures.

Naturally, with a catch increasing 'so phenom
enally, the question arises as to whether it in
creased because the fish became more abundant
in the area or beeause they had not been previously
found. Distribution of the other trawl fisheries
on Georges Bank nppears to answer the question.
The principal fishery here is for haddock, and
according to Sehuek (1951) the sout.heastern part.
of Georges Bank produced 24.4 percent of all the
Georges Bank landings of haddock from 1936 to
1948, while the southwestern part produced but
6.8 percent. The haddoek fishery is concentrated
in somewhat deeper water than the yellowtail
flounder prefers, but. nevertheless enough haddock
fishing occurs in almost all trawlable areas on
Georges Bank that any important concentrations
of yellowtail almost certainly would have been
diseovered. This view is further s~rengthenedby
Schuck's observation that the southwestern part
of Georges Bank produced 14.7 percent of the
haddock in 1944 and 18.9 pereent in 1945. From
the same investigator we learn that fishing effort
on the southwestern part of Georges Bank fell off
to 7 percent in 1946, 6.2 percent in 1947, and 4.9
percent in 1948. As the yellowtail eatches did
not increase until 1947, 1948, and 1949 (table 3),
the increased yellowtail catches did not eoincide
with increased trawling for haddock, but followed
it about 2 years later. Clearly the yellowtail be
came more abundant in the arelt after the haddock
deelined.

Since the inc.rease in catches of yellowtail on
Georges Bank eoineided with a decrease in catches
from the southern New England stoc.k west of
Nantucket Shoals and the tagging results show
that migration may occur across the South Chan
nel, part of the southern New England stock of
yellowtail may have moved to Georges Bank. The
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proportion is probably small, however, because
386 yellowtail were tagged in subareas Q and 0
to the wcst of Nantuc.ket Shoals in 1946, the yea.r
before the big increase in catch, and only 1 of the
60 fish recaptured was taken on Georges Bank.
However, the winter population in Q and 0 may
have moved to Georges Bank to be caught mostly
in the summer. (See p. 182).

3. Cape Cod Stock.-It occurs east and north
of Cape Cod, in Cape Cod Bay, and north to the
vicinity of Cape Ann and Ipswich Bay. It is
limited in all directions by deep water, although
to the south and north there are narrow strips of
water of the preferred depth. Production from
this stock has 'been comparatively stable. It rose
to a moderate peak in 1944 of about 3% million
pounds, declined to about 1% million pounds in
1948, and rose again to about 2%, million pounds
in 1949. In this area, the yellowtail is a species of
minor importance sought only at certain seasons
by.vessels out of New Bedford, Plymouth, Boston,
Provincetown, and Gloucester, Mass. It is heavily
fished when available, but changes in catch may
be related to changes in effort because other species
are sought at times in preference to it.

4. N01'tMl'l1. Gulf of illa:ine 8toc.h~.-This stock
contributes the very few yellowtail that are taken
on the scattered shoal areas of the northern gulf
along the coast of Maine. This extremely small
Clttch is taken by otter trawlers and line trawlers
incidentally to other species. No signific..'l.nce can
be attached to the small fluctuations in catch,

which may be caused by changes in fishing as well
as by changes in the stock,

5. Nova Scotian 8toc.k.-It is completely dis
tinct from the New England stocks. Moreover,
it is of slight importance to New England fisher
men. United States vessels have rarely gone to
the Nova Scotian Banks especially to catch yellow
tail, and therefore the catch is related to the fish
ing for other species. The great increase in the
take of yellowtail from a low of 40,000 pounds in
1942 to a high of 4,700,000 pounds in 1945 appears
to have been caused by the removal of wartime
restrictions. The subsequent reduction in yellow
tail catches coincided with the declining market
for cod in the later years, beclluse the large catches
of yellmvtail were produced by vessels fishing
primarily fOr cod.

The United States landings from these five
stocks are shown in table 6.

THE SOUTHERN NEW ENGLAND STOCK
LANDINGS

The tota-Ilandings from the southern New Eng
land stock are readily computed from table 3 by
combining the landings from the statistical areas
designated as Nantucket Shoals and Lightship
Grounds, off No Mans Land, southern Massa
chusetts, Rhode Island shore, and Long Island.
These have been combined in table 7 to show the
landings, by month and quarter, for the years
1942 to 1949. The annual totals for 1940 and 1941
are also included.

TABLE 7.-Landings of yellowtailfr01ll southern New England stock, by 1II0nth and quarter, 1940-49

[In thousands or pounds]

Month and quarter 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 Average
1942-49

-----------1---------------------------------
January_________________________________ ---------- ---- -- -_.- 4.881 4.llOli 3,701 1,323 2,123 2,641 2, 009 1,162 2,843

ir~;~a~::::::::::::::::::::::::::::::::: -_ .. ------ ------- --- 3. 719 3. 855 3, 730 1,573 1,144 737 1,260 1,402 2, 178
--- _.. ~--- -- ---_. - -. 6. 756 4,929 3,516 3,401 3,299 2,037 1,704 884 3,316

1alqaarter ._________ 15,356 13.689 10,947 6,297 6,566 5,415 4,973 3,448 8,336
ApriL__________________________________ 5,610 2,993 2,518 652 583 1,401 1,274 406 1,930
May_____________________________________ 2,847 1,629 1,142 454 511 1,058 1,026 216 1,110
June ._________ 4.598 2,232 977 381 1,538 1,706 1,749 424 1,701

----------------------------------
~~I~~~~~:::::::::::::::::::::::::::::::::::::::J:~::::::: 1~:g;~ ~:~a: ~~r t::~ ~:~~ g~~ g~~ 1,~~ ~:~~~
August.. ._______________________ i.403 5.770 2,914 2,386 1,509 1,750 1,258 527 2,940
September____ ____ _____ ______ ___ __ _ _ ____ 5,389 4,979 151 2,560 1,696 2,662 1,677 956 2, 509

-----------------------------------
3d quarter_____ _ ____ ___ __ ___ _ __ __ ___ ___ 18.774 14,287 5.706 6.773 5,367 7,315 6,197 1,960 8.297
October •• 7,886 2,166 647 3.221 3,286 3,961 1,808 519 2,937
November_______________________________ 4,308 1,920 829 4.073 2,765 2,645 3,025 1,325 ?61l
December________________________________ 3,418 861 640 1,010 3.251 3.205 1,820 2,007 2,026

4Ihquarter.______________________________ 15,612 4,947 2,116 8,304 9,302 9,811 6.653 3,851 7,574

Orand total' 3~~933162:'797~=u61~~26.700=2un=~28.949

I Slight discrepancies orcur due to rounding of! or the flgures,
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1944, the summer fishery lasted only a short time
and the fa.ll fishery was practically a failure. In
1946 and 1947, the summer landings were lower
than those of the period October to December.
Finally, in 1949 when a new low in the catch was
reached, the landings were. extremely small dur
ing all the summer months.

LENGTH COMPOSITION OF THE CATCH

Data on lengths of yellowtail in the landings
were collected routinely at New Bedford from
October 1942 through 1947. In addition to these
routine measurements, a few were obta.ined irreg
ularly at other ports. Also, some measurements
were made occasionally during 1941 and the first
9 months of 1942. The total number of measure
'ments available a·re listed in table 8, and detailed
length frequencies t"re. given ill appendix ta.bles
('-14 and C-11\ pages 244 and 245.

----·-----1----------------------

TABLE 8.-Nlllllbcr,~of yellowtail measllred from SfJuthl'l'n
New England stock, b1l stnti.stical al'l'a, 1941-47

(See ng. 1 for chart of statlstlcal areas]
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228
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1:351
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8U.'i

1.4U4

1,354
454
413
403
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Statistical area-

New Eniliand Banks

o

Year and Quarter

Year 1941:
1st quarter . .. -- ----.-----
2d quarter.• .. 77 • .____ 77
3d Quarter . . . ._. ._ .-. . .. --------
4th quarter. . 317 . ._. . __ ._ 317

Year 1942:
1st '1uarter__ . ., 5114 240 744

~~ ~~~~~~~::::::::: :::::::::: _. ~~I. ~~. :::::::::: __ . ~~
4th Quarter._______ 455 . 805 . .. . ._ 1.260

Year 1943: .
Istquarter_________ 1,221 959 .. _. ._ 2.180
2dquarter_. __ . .________ 1.449 137 1..;86
3dquarter_________ 1.024 1.751 .. _. 2.775
4thquarter . ._______ 609 609

Year 19H:
Istquarter_________ 172
2d Quarter _
3d Quarter_________ :lO7
4thquarter________ ';13

Year 1945:
Istquarter. __ ._____ 1,4S1 2.098
2d quarter . __ .--.----_- 0· •

3d quarter_. ._ 701 2.223 . __
4th Quarter________ 1.417 1,280

Year 1!14~:
Istquarter_________ I. 202
2(lquarter ._ .. _
:ldquarter .___ 1.304
4th Quarter .___ 2.873

Year IP47:
Istquarter . .. __ I.W. lSi .______ 1.192
2d Quarter . . ._ 803 803 100 I. 706

3<1quar10r_________ 1.402 I 31\7 202 --.--.----, 1.~714thquarter . 301' 1.008 400 . .__ 1,,09
------------------

TotaL __ .. 14,Zi3. 21.196 . 4.2S1 5f'>l! 40.31S

Four distinct periods in the southern New Eng
land fishery may be recognized from these data
(fig. 6). First there was the increasing produc
tion to tt peak of 63 million pounds in 1942, then
an abrupt decline to 23 million pounds in 1944,
fttirly steady production from 1944 to 1947, and
another abrupt decline from 27 million pounds
in 1947 to 10 million pounds in 1949.2 ShIce this
stock has contributed the bulk of the United States
yellowta.il production for many years, fluctuation
in its numbers is the principal cause for concern
for the species.

A seasonal trend is apparent in the avernge
catch pel' month (table 7). There were distinctly
lower catches from April through June which, as
will be shown later, a·re the months of the spawn
ing season. The small variations in the average
catch during the other mouths probably have no
biological significance, being due to the seasonal
weather pattern OJ' to shifts of the fishermen to
other species. .

Turning from the averagecateh to the catches
of the individual years, it is apparent that the
seasonal changes in the landings have been vari
able. During the peak years of 194~ and 1943,
there were large summer and winter fisheries with
lower catches mtl.de in May and December. In

• This decline continued to 7.2 million pounds In 11150 then
leveled off at 4.0 in l(l51,· 4.8 In 19112, aud' about 4.5 mil\ion
pounds In 1953..Total laDlllugs in United States ports declined
to 23.5 million IJOullds In 1950. 18.4 In 1951, 16.3 In 19l12, and
about 13.5 in 1953.

The routine measurements were obtaine.d with
the primary objective of having them representa
tive of the Inndings. To ensure that the a·rea of
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origin was known, only the catches from vessels
that fished a single a·rea were sampled. A sample
of about 100 fish was selected for measuring in as
nearly random a mnnner as working conditions
would permit. The stundnrd practice at the port
of New Bedford was to puck the fish in 125-pound
boxes as they were being unloaded. The boxes
were aceessible t.o the measurers before being ieed
and closed, and it. was convenient. to measure 20 or
25 fish from each box. A sample of 100 fish was
obt.ained from 4 or 5 boxes taken one at a time
from t.he unloading line u.s nee.ded. Usually from
1,000 to 2,000 pounds of fish were unloaded be
tween t.he boxes sampled. The fish were t.aken
from one end of each box from t.he top to the bot
tom, with a speeial effort to avoid any selection..
In view of the diffieulties of obta.ining an accur
at.ely representative sample (Hayne 1951) , a
slight bias ma,y have fa.vored the la.rge fish; but
the same technique was followed throughout the
invest.igations, and the bias, if any, should not
affect the interpretat.ion of trends in fish lengths.

Measurements were of the total length of the
fish-from the tip of the lower ja.w (with the
mouth closed) to the end of the eaudal fin.
Almost all measurement.s were recorded on a
measuring board slotted to reeeive a.n aluminum
st.rip. The meusurement was taken by pricking
a· hole in the strip, which was marked off in two
pa.rts to keep separate the reeords of the. lengths
of males and fema.Ies. This method of measuring
is very satisfactory, provides a rapid field method
suitable for use when fingers are too wet or too
eold to write, and is free of "digit bias," whic-h
has troubled other investigators who have meas
ured large numbers of fish (Sette 1941). Later
in the lu.boratory; t.he lengths were tallied to the
ha.If centimeter by superimposing a graduated
celluloid strip over the marked -aluminum strip.

It beeame apparent quite early in t.he study that
the sexes differed in size composition, and com
mencing in October 1942 most measurement.s were
ke.pt separate by sex a.Ithough the total sample
was obtained in as random a manner us possible
so that the number of eaeh sex measured would
be representat.ive of its numbers in the la.ndings.
Aft.er opening a few fish to determine the condi
tion of the sex orga.ns, it was discovered that the
yellowtail eould be sexed easily and ueeurntely by
holding the white side to t.he light and looking

through the fish. In this way, the outline of the
ovary extending posteriorly from the mass of
viscera can readily be seen even in immature
females. .

The program of sampling was planned to ob
tain a sample from nearly every vessel landing
that had fished hut a single area. It was expected
that this would supply representative samples of
the entire landings, but pressure of other duties
and changes in field personnel made it impossible
to maintain the program at the same level at all
times. Some gltpS also occurred because of the
fishermen's habit of working in two or more areas
whe'n fish are scarce. This was partieularly true
in the yellowtail fishery, and many months when
the landings from an area were low it was not
possible to obtain a sample beeause the few land
ings made were ahvays mixtures of fish from sev
eral areas. This tendency led to some under
sampling of areas poorly represented in the land
ings at New Bedford. Furthermore, the catches
from the Block Island and Long Island areas,
whieh are fished mostly by Rhode Island and New
York fishermen, were landed to a. large ext.ent in
ports not covered by our sampling.

To obtain the best representation of the length
composition of the yellowtail for the period Octo
ber 1942 through December 1947, it would be best.
to weight the length frequencies by the quantities
landed. This would be difficult, however, because
of lack of data in numerous quarters and from
some statistical areas (table 8). Therefore, we
have tested the representativeness of our un
weighted data in two ways: First, by comparing
the distribution of measurements with the distri
bution of cateh according to area and time, and
second, by computing the effect of the maldish'ibu
tion of the catch on the average length.

A comparison of the distribution of measure
ments with the distribution of catch shows that
the disc.repancies were not serious. When con
sidered aeeording to ltrea, it is apparent that the
areas off No Mans Land and Nantucket Shoals,
which provided the bulk of the eatch, were some
what oversampled and the arens off Bloc-k Island
and Long Island were somewhat undersampled
(t..'tble 9). The distribution according to years
showed similar discrepancies, with 1943,1944, ltnd
1947 being undersn.mpled ltnd 1945 a.nd 1946 being
oversampled. However, the distribut.ion aceord-
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TABLE 9.-Quantities oj ye/lowtaillanded and numbers
measured, by area, quarter, and year, 1943-47

ing to the calendar quarte.r shows excellent agree
ment, with the maximum discrepancy between
measurements and landings be.ing only 2.3 per
cent. The effect of these maldistributions on the
average is very slight. The average size of the
yellowtail measured from 1943 through 1947 was
35.87 cm. If the average lengths by area a,re com
puted separately and weighted according to the
quantity landed from each area, the overall aver
age is decreased only 0.18 cm. Similarly, if we
separate the measurements according to the year
and weight them according to quantities landed,
the overall a.verage is increased by only 0.14 cm.
Finally, computat.ions according to quarter show
even less change, 0.03 cm. Becn.use of these very
small differe.nces, we present the average length
compositions in the ensuing pages on the basis of
the aetua.! number measured, and we consider
them representative.

0---_ MALES

~"""· .. 4 FEMALES

.:--- TOTAL

/ ......"..\
! .\....
r, \

it \ "
If \
Ii \
, i \
I : \
I i \
Ii i

·f i \
T ~ \
I ! ,
I : \
I : \
If ,
I : \
~ ! \
~l .,

22 24 26 2B

3200

2600

~

2800

3400

a::
:ll 1600
~
::lz

1400

12.00

1000

800

600

400

2.00

0

Q 22.00...
~2.000...
:I I

Fish measuredFish landed

Thousand Percent Number Percent
of pounds I

Area:
Subarea 0 .. _________ 39,672 29.0 13.818 37.3
Subareas Q-R. ______ 63.011 46.1 19.836 53.5
Suharea S_ ••_________ 2-1,110 17.6 3,093 8.3XXIIL_____________ 9.825 7.2 328 .9

Total· _____________ 136.618 99.9 37.075 100.0

Quarter:Ist_______ . ______ • ____ 42.914 28.2 11,690 30.52d. __ ., ______________ 19.775 13.U 4.248 11.13d. ________________ ._ 39.448 25.9 10.399 27.14th 1________________ . 50.092 32.9 11.998 31.3
Total 1_____________ 152.229 100.0 3ll, 335 100.0

Year:1943__________________ 39.7i7 29.1 7.150 19.31944___ • ______________ 23.406 17.1 4.303 11.61945__________________ 22.861 16.7 10.005 27.01946_______ .. _________ 23.867 17.5 9,039 24.41947________________ . _ 26,706 19.5 6.578 17.7
TotaL ___ . _________ 13R.617 99.9 I 37.075 100.0

I Slight discrepancies occur because of rounding off of the ligures.
1 Includes data from '4th quarter in 1942.

The samples obtained during 1941 and 1942
were less representative than la-tel' samples; they
were taken as opportunity afforded· and sex data
are lacking. No attempt was mnde to sample
more he.avily during the. seasons with heavy land
ings, and the third quarter of 1942, with the
heaviest landings in the history of the yellowtail
fishery, was not sampled at all. Thus, these length
c.ompositions are not fully representative and res
ervations will be made in using them.

LENGTH - CENTIMETERS

FIGURE 7.-Length comllositi'On. by sex, of the yellowtail
from the southern New England stock, 1948 through
1947.

The predominance of .the females in the land
ings from 1943 through 1947 with respect to both
numbers and length is shown in table 10 and fig
ure 7. The females accounted for 65.33 percent of
the total number in the samples. The grand aver
age length of -the sexes combined was 35.87 cm.;
the females averaged 37.21 cm., wheren.s the males
averaged only 33.34 cm. It will be shown that
this difference. in size is caused oy a difference be
tween the sexes in rate of growth, which appar
ently also results in the preponderance in num
bers of females in the cn.tch. In table 10 it may
be seen that above 33 em. the females were more
numerous in the landings; under 33 cm. the
males were more numerous. It may be judge.d
also from the curves in figure 7 tha.t the fishery is
fully utilizing only male yellowtail more than 33
em. or females more HUUl about 40 cm. in length,
if we assume that this species decreases normally
in numbers as it increases in size. HO\vever, if
the total curve is considered, it may be judged
that both sexes are fully ava.Hable when more than
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TABLE ll.-Percent length composition, by quarter, of yel
lowtaillanded from the southern New England stock, fourth
quarter, 1945 through 1947

21.5cm. . __ .__________ 0.01 0.02
22.5cm .______ 0.02 0.01 .12
23.5cm . .___ .02 .02 .. 03 .21
24.5cm__________________ .07 .12 .02 .45
25.5cDl. .__________ .31 .28 .07 .51
26.5cm .__________ .68 .99 .30 .38
27.5cm__________________ .75 1.58 1.32 .44
28.5cm__________________ .97 2.19 3.53 .90
29.5em 1.10 3.22 6.14 2.62
30.5cm __ .. 2.30 5.37 8.64 5.63
31.5cm .. .___ 4.32 8.05 9.64 7.94
32.5cm__________________ 5.94 10.66 10.37 9.78
33.5 cm .__________ 7.82 11.91 10.11 9.68
34.5cm__________________ 8.39 9.86 9.46 9.68
35.5cm__________________ 8.54 8.94 8.74 8.35
36.5em__________________ 8.23 7.27 7.27 7.68
37.5cm .• 7.98 5.70 6.65 7.09
38.5cm__________________ 7.42 4.38 4.89 5.72
39.5cm__________________ 6.06 4.33 4.30 5.37
40.5cm .______ 6.07 4.07 3.20 4.62
41.5cm__________________ 5.24 3.70 2.36 4.38
42.5cm__________________ 5.18 2.99 1.52 3.05
43.5.cm 4.13 1.88 .81 2,01
44.5cm .______________ 2.88 1.11 .35 1.44
45.5 cm ... 2.29 .73 .17 .87
46.5cm__________________ 1.34 .31 .06 .48
47.5cm__________________ 1.04 .14 .03 .28
48.5cm__________________ .50 .07 .02 .15
49.5 cm_ .21 .02 • .12
50.5 cm .. .10 .05 _.__________ .02
51.5cm__________________ .06 .02 ---. . _
52.5cm ._ .02 . --. _
54.5cm • ... .Ul

the southern New England stock during the win
ter (p. 180). However, there is no way to distill
guish the two sources of variation with thesp
data.

Segregat.ing the length data according to
statistical arelt for 1943 through 1947 (table 12,
fig. 9) reveals a small geographical gradient in
length, with the largest yellowtail coming from
the more easterly area. The yellowtail from the
Nantucket Shoals area averaged 36.35 cm., from
off No Mans Land 35.66 em., from off Block Is
land 35.23 em., and from off Long Island 34.27
cm. These figures show statist.ically what is com
mon knowledge among the fishermen, but since
the figU1~es are associated wit.h the seasons there
is no certainty that. the differences are due en
tirely' to geography. Table 3, which shows the
catch by statistical subarea, indicates that the
landings from the Nantue-ket Shoals area (0)
were usually the. heaviest when those from off No
Mans Land (Q.) were light, and vice versa. The
landings from the westward, off Rhode Island
(S) and Long Island (XXIII) run smaller re
gardless of season, but t.here was no clear-cut sea
sonal pattern in the size changes. It should be
noted that in areas from Block Island to Nan-

1st quarter 2d quarter 3d quarter 4th quarter

100.00
35.70

100.01
34.37

99.98
35.17

99.97
37.40 I

'fatal length

Total. _
Mean length (cm.) _

21.5 CID , • 1 1
22.5 CDl_. ._. . 2 1 3
23.5 CDl. .__ 5 5 10
24.5cm. __ ._____________ 17 10 27
25.5cm ._.. 44 21 65
26.5CDl. . . 116 49 165
27.5=. . ._.___ 237 84 321
28.5cm.________________ 460 193 653
29.5 cm. . __ 729 440 1,169
30.5 CDl. ._________ 1.227 762 1,989
31.5 CDl. .__________ 1,478 1,232 2,710
32.5CDl. • .__ 1,673 1,610 3,283
33.5 cm. ._. 1,674 1,865 3,539
34.5cm. . __ . __ .___ 1,517 1,935 3,452
35.5 CDl_. • _. __ __ ____ _ 1,246 1,951 3,197
36.5 CDl. . .__ _ 972 1,886 2,858
37.5~.----.----__ ---.- lI60 1,973 2,633
38.5 CDl ._____________ 413 1,774 2,187
39.5cm ._____ 195 1,740 1,935
4O,5cm. ._____ 111 1,622 1,733
41.5cm._._. .______ 44 1,466 1,510
42.5cm. .___ 16 1,209 1.225
43.5cm . __ ._ 14 861 875
44.5cm. . . 2 579 581
45.5 cm. .____ 1 415 416
46.5 cm.________________ 228 228
47.5 CDl. ••. _ 163 163
48.5cm.________________ 1 79 80
49.5 CDl. • . ._.___ 40 40
50.5 em. ._________ 16 16
51.5= .. ._. __ . 8 8
52.5cm.________________ 2 2
54.5cm . ._______ 1 1

Male Female Total

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

TotaL ._________ 12.855 24,220 37.075
Mean length (em.) _ 33.34 37.21 35.87

Total length
Number measured

TABLE IO.-Length composition of yellowtail landed from
the southern New England stock, by sex, 1943-47

The average size composition during each quar
ter of the year (table 11, fig. 8) showed a definite
seasonal change, which is in accord with the
changes expected "in most species of fish. The
ltverage length was greatest in the first quarter,
January to March (37.40 cm.), least in the third
quarter, July to September (34.37 em.), and in
termediate' in the second and fourth quarters.
The curves, when plotted on a percentage basis
to facilitate comparison, show little change in
shape. The changes appear to arise from the en
trance into the fishery of young fish during the
spring and summer and their subsequent growth
and mortality during the winter. There is also
a possibility that some of the differences a-rose
from heterogeneity of the population, since tag
ging experiments indicated some segregation of

33 em. long. Since the fishery did catch more
males in the smaller sizes and was obviously not
catching them with full effectiveness, we see no
reason to suspect that the sex raJtio of the unfished
population is other than equal. The unequal rep
resentation in the catch may be due entirely to
gear selectivity and the unequal rate of growth
of the sexes.
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SOUTHEASTERN
LONG ISLAND

N.328

FIGURE 9.-Percent length ('owposition, by staUstical area,
of yellowtail from the southern New Englllnd stOC'k,
1943 through 1947. (N='lluwber of fisb.)

LENGTH -CENTIMETERS

suIt of a change in the habits of the fishermen.
The length-composition curve for 1942 (and to a
lesser degree for 1941) differs a.ppreciably from
the curves for later years by including a mode of
sn~ller fish. Very probably this mode occurred
because of failure of the fishermen to cull their
catches at sea. At this time the filleting industry
in New Bedford was just becoming established
and there were no general agreements regarding
the size of fish acceptable to the trade. The fish-

.JANUARY - MARCH
N'II,69O

LENGTH - CENTIMETERS

FIGURE S.-Percent Il'l1~th composj·tion, by quarter, of yel
lowtail from the southern New England stock, fourth
quarter 19,12 through 1947. (N=!D.umber of fish.)

tueket Shoals for whieh we have adequate sam
ples, the difference in average size '(1.12 em.
maximum) was markedly less than the difference
aDlong seasons (3.02 em. maximum).

The length compositions from 1941 to 1947 l\re
particularly interesting (table 13; fig. 10) because
they cover a period that, includes the peak catch of
63 million pounds in 1942 and much of the sub~e

quent decline. Only slight changes in the average
length occurred during the period 1941-47, and
there was no trend toward smaller fish in the
catches, as might be expected.s

The yellowtail were smallest in 194~ (a.J..22 em.)
and largest in 1945 (36.37 cm.). Even this small
difference (2.22 em.) probably was hugely the re-

• Such a trend apparently did develop according to reports.
after.1951, when the very small annual catches were largely com
prIsed ot "peewee" yellowtail.
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LENGTH - CENTIMETERS

l~IGVKE 1l1.-Pe'l·cEmt ll'ng:th cOlllpositi'on, by year. of yel
lowtail frum the suuthern New England stock. 1941-47.
(N=nulllber of fish.)

ermen were eatehing yellowtail in great quantities
ac.companied by few other fish, and in such situa
tions there is an understandahle tendency to ice
down the entire cateh and neglect the few fish that
might otherwise be culled. Furthermore, these
small fish were mostly from the 1941 ye.ar class,
which we later found was the la.rgest yea.r class to
occ.l1r during the period. included in our study.

Another explanation of the smaller average size
in 1942 might be less-representative sampling.
We have previously pointed out that routine sam
pling began in October 1942 and, of course, a pre
ponderanee of measurements were obtained during
the fall season; however, the size composition by
qua.rters indieates that the size during the fourth

1942
Nc 2,448

1946
N·9.039

1944
N=4,303

1947
N-6,578

1943
N-7.150

. 1941
N' 394

30323436364042444648505254

[See fig. 1 for chart of statistical areasl

TABLE l3.-Percent length composition, by years, of yellow
tail from. the southern New England stock, 1941-47

Length 1941 1942 1943 1944 1945 1946 1947
~-----------

20.5 CIIl ___•• ______ ._._ -_ ...... -- 0.04 ------- ------- -------- ·-o~oi· ------21.5 CID_: _. __._••_____ .08 ------- ------- ---o~oi- -'o~ii222.5 CID _____________ •• --_...-- .65 ---- ..-- ------- .0123.5 ClD ____• ________._ .98 0.01 0.07 .04 .0224.5 ClD __________• ____
0. 25 2.118 .04 .21 .10 .03 ---~03

25.5 ClD ________._.____ ------- 2.20 .12 .28 .19 .14 .1826.5 em _______________
.25 1.80 .49 .37 .04 .29 .5227.5 em ____._.___•____ 1.52 1.96 .91 .86 .88 .67 1.0628.5 em. ___._.________ 1.27 2.29 1.58 1. 3~ 1.74 1.78 2.23

29.5 em ___••_._._. ____ .76 3.23 2.48 2.49 3.24 3.35 3.9230.5 ClD ____ • __________
7.87 5.84. 4.01 5.18 4.60 A.53 6.5231.5 CID ______• ________
6.85 7. !lO 6. 35 8.55 6. 42 7.56 8.5632.5 ClD ____._._._. ____ 6.34 10.25 8.78 9.32 7.2~ 9.38 10.3133.5 em ____•__________
7.11 9.07 9.50 10.83 8.08 9.82 10.6134.5 em _______________
8.63 9.48 8.88 9.83 8.36 9.87 10.1135.5 em _______________

11.17 9.27 9.31 8.92 8.44 7.79 9.1136.5 em____•__________ 10.66 7.56 8. 24 7.64 8.02 7.30 7.2537.5 em _______________
9.64 6.17 7.51 7.23 7.87 6.97 5.5938.5 em____• __________
5.58 4.90 6. 76 5.30 6.61 5.72 4.5339.5 em _______________
5.84 4.21 6. 10 5.18 5.52 5.16 3.9240.5 em ______•________
5.84 3.47 4.91 3.72 5.21 4.82 4.0341.5 em _______________
3.55 2.45 4.52 3.12 4.17 4.38 3.6342.5 ClD _______________
3.55 1.84 3.10 3.21 3.83 3.08 3.10

43.5 em_______________ 1.52 .98 2.60 1.88 2.91 2.08 1.9644.5 ClD. ______________
.51 .65 1.40 1.84 2.03 1.35 1.1745.5 em _______________
.51 .23 1.02 1. J4 1.69 .78 .8246.5 em _______________
.76 .37 .54 .63 1.07 .40 .2947.5 em _______________

--~---- ---.-0'- .43 .44 .64 .34 .27
48..~ em_______________

.17 .21 .36 .16 .1249.5 em __________•____ -- -..--- ------- .14 .14 .08 .13 .0650.5 em _____________ ._ ----.-- ------- .04 .02 .07 .0.1 .0.151.5 em ____ •__________

.03 ------- .03 .01 .03
52.5 em ____._.______ 0. -- ----- ---- --- .01

---~02· -------- .01 ------54.5 ClD ________• ______ -------- ------- --------------'------TotaL ______ •_______ 99.98 99.99 99.98 99.98 100. 03 99.97 99.98
Mean length (eDl.) __ 35.86 34.15 36.12 35. 69 36.37 35. 67 35.22

Total length Subarea Subareas Subarea Area
0 Q-R S XXIII

21.5 ClD __________________ 0.01
-------~---- ------------ -------~-~-.22.5 em __________________ .01 0.01 0.03 -----------.23.5 ClD. _________________ .03 .03 --------- ..- --_ .._------24.5 em. _________________ .09 .06 .10 --_ .._---_ ..25.5 em.. ____ . ___________ .10 .18 .48 ------- ..----26.5 em_ . ________________ .26 .46 1.23 ---------_.-27.5 ClD __________________

.45 1.06 1.52 0.6128.5 em __________________
1.28 2.01 2.17 3.0529.5 ClD __________________
2.69 3. 51 2.78 4.5730.5 em __________________
5. 61 5.12 5.59 7.6231.5 em __________________
7.30 7.16 8.15 8.54 1232.5 em __________________
8.58 8.79 10.38 10.0633.5 ClD __________________ 8. 49 9.98 10.54 18.6034.5 em ________________ ._ 8. 55 9.60 10.35 14.03 10

35.5 em __________________ 7.86 9.15 8. 73 7.93 ILl36.5 em __________________
7.20 8.25 6.69 5. 49 .Jcr: B37.5 em. _________________
7.32 7.06 6.60 5.18 038.5 ClD. _________________
5.86 6.13 4.78 3.96 !II

39.5 ClD. ____________ • ____ 5. 70 5. 04 4.49 2. 74 I- 640.5 em. _________________
5.43 4.23 4.24 3.86 z

ILl41.5 em __________________
4.94 3.60 3.39 2.13 042.5 em __________________
3.69 3.11 3.10 .91 II: 4

ILl43.5 em __________________
2.94 2. 02 2.20 _.. ----- .. ---- lL44.5 ClD __________________
1.99 1.35 1.13 .91 245.5 em ____ ••____________ 1.43 .99 .71 --------_ .. _..46.5 em ___________•___ •__ .80 .54 .32 ---------_ ..47.5 em _______•__________ .68 .32 .16 _.. ---------- 0

48.5 ClD ___________ • ______ .40 .12 .06 ----------_ ..49.5 em ___________•______ '.18 .07 .06 ------------50.5 em __________________ .06 .04 -_ ..-------- ------._----51.5 ClD __________________
.04 .02 --_ .. _------- .-------_.. --52.5 em __________________
.01 _.. ------_ .... ---_ ....---- --_ .. _----_..54.5 em__________________
.01 ---------_ .. - ----- .. _.. ---- ----_ .. _-----

TotaL _____________ 99.99 100.01 99.98 99.99
Mean length (em.)_ 36.35 35. 86 35. 23 34.27

TABLE l2.-Percent length composition, by stat-istiral area,
of yellowtail landed from the southern New England stock,

. 1943-47
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FIGURE n.-Comparison of the trends in proportions of
large anel small yellowtail from the southern New
England stock and of European plaice of the North Sea
stock. The medium-size category has been omitted
from both graphs.

above their prewar levels. Thursby-Pelham
(1939, p. 53) has shown t.hat the proportion of
large plaice in the landings began to decline about
2 years after fishing was resumed, and reached a
minimum in about 7 years.

That reduction in size of the fish did not occur
in the yellowtail fishery. as a result of fishing is
shown in figure 11, where part of Thursby
Pelham's figure 6 has been reproduced for com
parison of plaice length dat.a wit.h similar data
from the yellowtail. We have arbitrarily estab
lished a large yellowtail category as including
fish of more than 40 em. total length and a small,
as inc.luding fish of less than 30 em. These cate
gories differ somewhat from t.he large and small
market categories of Thursby-Pelham, but each
category forms a significant fraction of the land
ings. There obviously was no trend toward a de
creasing proportion of large fish in the yellowtail
fishery during the period of observation, 1941-49.

quarter of the year is almost exactly the same as
the average for the year. Therefore, if 1942 were
an average year, insofar as the size of the yellow
tail is concerned, we would expect our average
(mostly during the fourth quarter) to be fairly
representative of the entire year.

This lack of a decrease in the average size during
a period of heavy fishing is particularly signifi

.cant·because it is not in agreement with theory
or with actual events in closely comparable fish
eries. The theory of the effect of fishing devel
oped by Baranoff (1918) and expounded by
Thompson· (1937) indicates that a marked de
crease in the proportion of older and larger fish is
to be expected when fishing mortality increases.
The development of Baru.noff's theory was stimu
lated by observations on the plaice, which was be
ing heavily fished in the North Sea. Russell
(1942, p. 77) reported that in 1907 the relatively
unfished plaice population in the Barents Sea was
almost entirely ma,ture and av~raged about 48
em. in length. At the same time in the North Sea
the marketable plaice population was more than
one-half immature and averaged less than 40.cm.
in length even though their size at maturity was
about the same as that of the Barents Sea plaice
(39-40 em.).

The Eu.ropean phtice and the yellowt.ail which
it closely resembles belong t.o the same family,
the Pleuronect.idae. The phdce attains almost t.he
same maximum size as the yellowtail, alt.hough
it grows a little more slowly. The plaice appears
in maximum numbers in the catch at age 4 and
individuals as old as ages 10 and 11 are fairly
common, whereas the yellowtail is taken in maxi
mum "numbers at age 3 (p. 209), and few individ
uals older than age 7 are found. Both species are
subject to otter-trawl fisheries, though the North
Sea plaice has been subject to a heavy fishery for
70 years or more, whereas the American yellowtail
has been especially sought only since about 1938.

Despit.e t.he difference in the lengt.h of time
the plaice and the yellowtail fisheries have been
in operation, a nearly parallel situation is to be
found in a comparison of the peak and decline of
the yellowtail fishery with the peak and decline
of the plaice fishery immediately after World
War I. That war caused almost a complete cessa
tion of fishing in the North Sea for about 4 years
and permitted the st.ocks of fish to accumulate far
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The lengths were obtained on a measuring board
and the weights on balances provided with special

TABLE 14.-Numbers of yellowtail from the southern New
England stock, by subarea and by sex, wet"ghed and meas
ured during 1948

This matter will be discussed further after data
on abundance, age, and rate of growth have been
presented.

scales graduated in 2-place logarithms to simplify
the computation. The balances were of the spring
type, one with a capacity of 5 pounds, the other
of 1 pound. Since the weighing was done in the
field it was necessary to set up the balances for
each sample. Check weights were used prior to,
midway through, and at the end of the weighing
of a sample. The scales were adjusted at the be
ginning of the weighing and subsequent checks
revealed no error of more than 1 percent. in the
weighing.

The regression of weight on length was com
puted with the assumption that the relation is of
the form

W=OLb.
ChRnging this to logarithms, of course, reduces
it to

Log W = Log a+ b Log L,
which is a straight-line relation easy and con
venient to compute by the standard method of
minimizing the squared deviations. (The reduced
logarithmic data from the observations are pre
sented in table 15.) Plots of aU the data in log
arithms were made to test the assumption of linear
ity and as a final check on the computations. These
plots showed no deviation from linearity, but they
did identify two aberrant observations, which were
located away from the regression line by several
times the standard error of estimate. These two
observations--one male and one female from the
sample of August 9, 1943-were omitted from the
analysis.

The Several regression formulas (table 16) have
been computed to permit estimating the weight
from the length of the yellowtail for each sex in
each quarter and for combinations of the sexes
and quarters. When these formulas are used to
estimate the weight of each sex at the mean length
of 35.869 cm. (table 17), the females are consist
ently heavier -than the males. The difference
varies from 0.041 pound in the first quarter to
0.119 pound in the second quarter-amounts
which are 4.5 percent and 14.4 percent of the aver
age weight of the males. The greater difference
(in the second quarter) reflects the greater weight
of the females laden \vith ova. However, the
samples were taken slightly after the middle of
the spawning season when 67 percent of the ma
ture females in the samples were spent (see
Spawning Season, p. 216). Therefore, the differ-

258

276

376

Total

223

204

21;5

!lex

Male Female!lQ

Statistical suharea

o
Date

LENGTH-WEIGHT RELATION

The regression of weight on lengt.h of t.he yel
lowtail flounder was determined (1) to provide
data to convert the landings from pounds to
numbers of fish, and (2) to provide data on fat
ness of the yellowtail which may furnish clues
t.o changing ecological conditions. Information
obtained during each quarter of 1943 provided u
good basis for estimating weight from length
during the several years of our study, assuming
that the relation did not. change from year to year.
In addition, it provided a critical comparison of
the differences in the length-weight relation be
tween the sexes and among the seasons. The re
duced statistical data are presented to permit fur
ther comparison with data which may be collected
later.

Samples were obtained near the middle of each
calendar quarter of 1943 (table 14). The fish to
be weighed and measured were taken at random
from the landings in the same manner as those
meltsured for length (p. 186). Vsuall.v a sampIe
of 50 fish was weighed and measured from a
vessel that had fished in a single statistical sub
area. No attempt was made to equalize the num
bers of each sex.

Feh. 5. • .__ 151 _. }
Feb. 6. .__ 75 50 -------- 153

~:~: ~L~:::::::::::::: fJ :::::: ::::::::
May 25_________________ 100 _. • __ }

~: !~:::::===::======: :::::~::: ~~~~~ :::::~: 54

~~~: t:::::::::::::::: :::::::::: ~ ::::::::I
Aug'. 11 43 2i
Aug. 12. • •__ ••• __ 47 ._.
Aug. 16__ • • ._ •••• _•• _ 3~ __ ._. __ •

S~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ij ~~~~~~~~} 62 141 ~
-----------------

TotaL___________ 225 838 50 290 823 1,113
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TABLE I5.-Reduced length-we-':ght data/or yellowtail/rom the southern New England stock, by quarters, 1943

In=number of specimens; ~=summation;%=Iogarithm of length in decimeters; ,=Iogarithm of weight In tenths of pounds]

Factors

n __ .. __ .... ----.. _-__ ._
%2"_~ . ~ ~_

~(2'--i)2••• -- • _._

:tv-------.. --- --------------------- ---- --1:(,-ji)'- __ ._ •. ._. _
~(.r-z) (,-j") _

1st quarter 2d quarter 3d quarter 4th quarter

------------
Male Feml'le Male Female Male Female Male Female

153 223 54 204 21 2M 62 141
82.78 103.63 27.90 no. 15 10.66 137.53 32.50 81. 31
44.9004 77. 0631 14.4832 50.7513 5.4468 74.7535 17. 1322 47.1623

140.44 241. 93 44.03 188.90 16.69 228.21 53.35 148.04
130.9540 269.0343 36.4677 179.7234 13.5071 209.5729 46.7n\! 158.5402
76.529'J 143.5529 22.93n 103.2014 8.5628 124.7938 28.2332 86.2542

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

I %=Iogarlthrn of length in decimeters; lI=estimated logarithm of weigbt
In tenths of pounds.

TABLE 16.-Length-weight regres8ion formulas for yellowtail
from the southern New England 8tock, by quarter and 8ex,
1943

TABLE 17.-Comparison 0/ the weight 0/ male and femul~

yellowtail, by quarter, at the mean length of 36.869 em.

[In pounds)

tails of the average length of both sexes are
heaviest in the first quarter and lightest in the
third. This is a little surprising since one would
expect the females, at least, to be heaviest during
the spawning season. However, as was previously
mentioned, 67 percent of the females in the sam
ples were spent, and even in this condition the
average weight was only slightly less (0.010
pound) than that of the first quarter. Probably
the females are their heaviest at the onset of
spawning in early April.

Most. of these differences 'are statistically signif
icant. Covariance analysis (table 18) ,according
t.o the method used by Kell(htll (195g, p. gS9) in
dicates that the differences between the sexes are
highly significant in each quarter except the
third, which immediately follows the spawning
season. It is not. certain whether this lack of a
significant difference is due to the small number
of males (21) or to the fact that the females are
recovering from spawning and have ovaries of
minimal size. The differences among quarters
for each sex also wre highly significant.

Further consideration of the covariance analysis
indicates that the slopes of the regression lines of
the males, which are consistently lower than t.hose
of the females, are significantly so during the third
and fourth quart.ers. Thus it appe!trs that the
males, in addition to being surpassed in numbers
and dominated in len~rt.h by t.he females (p. 188),
become more slender compared with the females
as they grow older.

These differences between the sexes !tnd among
the seasons indicate the necessity of classifying the
data by sex and time of capture, if critical com
parisons of condition are to be made and if the data
are to be used for transforming the weight of
yellowtail to numbers of fish. For the latter pur
pose we have segregated our data by quarters, but

4.6. (141

P"cmt .
O.OU 4.5
. n9 14.4
.050 11.1
. Oil 8.0

IRatio of dlf·
DllIer· ference to
once . weight of

males

Fonnula I .

.933

0.955
.945
.872
.953

Female

.892

Number
of specl·

mens

Male

Quarter and 8('"

Quar+..er

1st ~~~~:.____ •• ____ •. _ 153 II=3.1558;r;-o.789.~
Female_____ ., ____ •• _ 223 II =3.383S:r- .8972

Both sexes•• ___ •• _ 376 ,~3 41021'- .9187

2ti quarter:
MaIe_ ••• __ ••• _____ •• 54 11=2.6730%- .5057
Female__ . _. _____ •• __ 204 ,=3.034M:r- .7078

Both sexes•• _.. _•• _ 258 ,=3.0567%- .7289

3d quarter:
Male_______ •• ___ ••• _ 21 ,=2.5449%- .4971
Female____ •___ •• ____ 25.~ ,=2.9577%- .7002

Both sexes________ 276 II=2.94G9.r- .6917

4th quarter:
Male._._. __ .• ____ ._. 62 11=2.7894%- .e.o17
Female______ •• _____ • 141 II=3.234O.r- .8150

Both sexes. _______ 203 11=3.2377% .8229

All quarters:
Male_______ •• ____ ._. 290 11=3.0092%- .71MB
Female____ ._. ____ ••• 823 1=3.2353%- .8249

Both sexes. _._. ___ 1. n3 , =3.23111%- .8259

Avera[re .. . •

ence between t.he sexes 8It the onset of spawning
in early April is probably even greater.

The differences in the length-weight relation
a:mong quarters also are considerable. Yellow-

1st ••• .. _._____ 0.914
2<1_. ._. •• ••• • .826
3d. .• __ ._•• •• ._ __ .822
4th .• ._ •• ••• • .882
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TABLE IS.-Summary of covariance analysis of length-weight data on yellowtail

I. COMPARISON OF SEXES BY QUARTER

1st quarter 2d quarter 3d quarter 4th quarter

Source of variation
Degrees of Mean F Degrees of Mean F Degrees of Mean F Degrees of Mean F
freedom square freedom SQuare freedom square freedom square

---------------------------------
Deviations from Individual sampleregresslon ________________ . __ . _______ 372 0.00184 _.---_ .. 2M 0.00212 -_... --- 272 0.00105 -----._- 199 0.001114 --.-----
Difference between regression coeffi-cients. _________ . _______ •____________ I .0069 3.75 I .0079 3.73 I .0058 15.52 I .0141 29.16
Difference between adjusted means__ I .0245 • 13. 17 I .0867 • 40. 51 1 .0004 .38 I .0225 213.98
Difference between samples_____ .. ____ 2 .0157 28.53 2 .0473 222.31 2 .0031 2.95 2 .0183 '11.88

II. COMPARISON OF QUARTERS BY SEX

Source of variation

Deviations from individual sample regression . . _
Difference between regression coefficlents . . __
Difference between adjusted means__ •• . . _. . _.•• • ._
Difference between samples . •__ •__ ._. ••

. Male Female

Degrees of Mean F Degrees of Mean F
freedom square freedom square

--------------
282 0.00188 815 0.00165

3 .0068 14.05 3 .0202 • 12.24
3 .0140 • 8.04 3 .0855 250.00
6 .0104 • 6.19 6 .0528 • 32. 00

1 Expected less than once In 20 times by chance.
• Expected less than once I~ 100 times by chance.

• Smal1 fish were disliked by the lilleters because of higher cost
and lower yield. but data on ftl1et recovery were not obtained.

FIGURE 12.-Average length-weight relation of yellowtail
landed from the southern New England stock during
1943. The dotted lines are plus and minus~ twice the
standard error of estimate and enclose about 95 per
cent of the observations.
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this was true of the small fish,6 the lower limit of
desirable fillet weight would be about 0.076 pound,
or just over 1 ounce. The average-size fillet
weighed 0.186 pound, or about 3 ounces, and the
maximum 0.434 pound, or about 7 ounces.

• We have estimated the discrepancy arising from varying pro
portions of the sexes by calculating the' average weight of the
)'el1owtall In the second quarter (when the greatest dU'lerence
between the sexes occurs) for each sex by using the aggregate
formUla, and we found that the maximum dll'lerence between the
sexes In average weight was 3.7 percent. Because of the smal1
difference and the poor representation of males In the length
weight data for the second and third quarters. It appears unneces
sary to compute the averages separately by sex.

since the length-weight data were from samples
taken at random and include representative num
bers of males and females we regB!rd the total
values for each quarter as representative and have
not segregated the data by sex.4

The estimated weight at each length occurring
in the landings has been obtained from the com
bined data for males and females in the prepara
tion of table 19. This will be used in the next sec
tion to determine the number of fish landed.
Figure 12 indicates the average length-weight
relation. Meanwhile, it is interesting to note the
range in weight of the yellowtail in the landings.
When the central 98 percent was selected from the
data on average length composition (table 10) to
avoid the few very small or very large specimens,
the "lower limit" of size was 27.3 cm. (0.38 lb.)
and the "upper limit" was 46.7 cm. (2.17 lb.).
The average length was 35.87 em. (0.93 lb.). The
smaller. value reflects selection by the fishermen
as influenced by buyers interested in filleting the
fish. The buyers estimate tllltt an average of 40
percent of the weight is recoverable as fillets. If
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-------1---------------

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

Total.. • 18.801 40.505 25.863 23.683 25.448 29.461

lation or the equivalent as defined by Marl' (1951),
the relative apparent abw1dance.6

5.136
4.370
9.688

10.267

1947

1947

6.099
2.999
6.866
9.484

1946

1946

1. 07662 1. 05420
. 87770 . 95305
.78116

1

. 75504
. 98079 • 95558

4.970
1.575
S. 909
8.229

1945

19451944

1944

10.401
6.232
7.114
2.116

19431942

1942. 1943Quarter

Quarter

In developing this measure of abundance, we
sought one that would be stable, continuous, and
representative of the fleet's activities. We desired
a figure that would not vary with changes in the
composition of the fleet, with seasonal changes in
the weather, or with changes in the relative at
tractiveness to the fishermen of yellowtail and
other species. Of course, this measure should be
continuous and uninterrupted in order to provide
data in all seasons of all the years lmder study.
Finally, since vessels seeking yellowtail fish as a
fleet and freely exchange information by radio
and in port, the.y naturally concentrate where the
fish are coneentrated. Their fishing is far from
randomly distribute.d. The.y avoid for months, or
even years, areas where yellowtail are judged to
be scattered and the risk of an unproductive t.rip
is too great. There appears to be no possibility
of obt;'ining a measure of ltbundance from this
fishing act.ivity that would be based on fishing
effort distributed over the range of the stock. We,
therefore, considered as an alternative obtaining
a measure representative of the act.ivities of the
entire fleet.

TABLE 20.-Al'erage weight of yellowta·il, by quarters, landed
from the southern New England stock, 194B-47

lIn pounds]

TABLE 21.-Number of yellowtail, by quarters, landed from
the SOlIthem New E-Ilgland stock, 194B-47

(In thousands of fish]

1st._. . .__ 11.669
2d .______ 7.569
3d_________________ 16.553
4th. 18.801 4.714

1st . 1.17309 1.05247 1.26689
2d. ._ .90554 .74412 .94403
3d. .86310 .80208 .76025
4th .. 0.83036 I. 04952 .99991 I. 00915

CALCULATING NUMBERS OF FISH LANDED

In many of the later computations; it will be
desirable to deal in numbers rather than pounds
of fish to avoid a constant accounting for change
due to growth.

The landings, given by quarters in thousands
of pounds in table 7, may be converted to numbers
of fish if we know the average weight of the fish.
The average weight, W (table 20), is estimated
by summing the weights of the fish measured for
length as follows:

W=::SNL W L

NT
NL=number in each length group (appendix
tahh~s C-14 and C-15, pp. 244-5), WL=nvernge
weight of yellowtail of the corresponding length
in that 'quarter (table 19), NT=total mm1ber
measured during the qlUtrter. Afte.r determining
the average weight of the fish, the landings in
thousands of pounds are· conve.rte.d to number of
fish (table 21) .

TABLE 19.-Estimated weight, by quarters, of yellQ10tail of
each length group in the land#l.gs from the southern New
England stock, during 1943

[In pounds]

-20-.5-:--~g-_:h-__-__-__ 1st qu:~:: _:_:~_~_t~~__~~_:~~r_t~~_ 4th qu:~~:I Y:~rI5
21.5 em__________ .16 .18 .18
22.5 em_.________ .19 0.22 0.22 .21 .20
23.5 em__________ .22 .25 .25 .24 .24
24.5 em__________ .26 .29 .28 .2i .27
25.5 em._________ .29 .33 .32 .31 .31
26.5 em._________ .33 .37 .36 .35 .35
2i.5 em__________ .38 .41 .40 .40 .39
28.5em__________ .43 .46 .44 .45 .44
29.5 em._________ .48 .51 .49 .50 .49
30.5 em__________ .54 .56 .54 .56 .55
31.5 em__________ .60 .62 .59 .62 .61
32.5 em__________ .67 .68 .65 .68 .67
33.5 em__________ .74 .75 .71 .75 .74
34.5 em__________ .82 .82 .78 .83 .82
35.5em__________ .91 .\10 .84 .91 .89
36.5 em .__ I. 00 .98 .92 .00 .98
37.5em__________ 1.09 1.06 .99 1.08 1.07
38.5 em__________ I. 20 1.15 I. 07 1. 18 I. 16
39.5 em.......... 1. 30 1.24 1.16 1.28 I. 26
40.5 em_.________ I. 42 I. 34 I. 24 I. 39 I. 37
41.5 em•• 1.54 I. 44 I. 34 I. 51 I. 48
42.5 em__________ I. 68 I. 56 1. 43 1.63 1. 60
43.5 em__________ I. 81 I. 68 1.54 I. 76 I. 73
44.5 em__________ I. 96 I. 79 I. 64 I. 89 I. 86
45.5 em:_________ 2.11 I. 92 I. 75 2.03 2.00
46.5 em__________ 2.28 2.05. I. 87 2. 18 2. 14
47.5 em__________ 2.45 2.19 I. 99 2.33 2.29
48.5 em.. 2.63 2.33 2.11 2.50 2.45
49.5 em._________ 2.82 2.48 2.24 2.67 2.62
50.5 em__________ 3.02 2.64 , 2.84 2.80
51.5 em__________ 3.23 2.80 , 3.03 2.98
52.5 em._________ 3.44 2.97 3.23 3.17

~U ~::::::::::::: ~~~_ :::::::::::: :::::::::::: ·U~ U~

CATCH PER UNIT OF EFFORT

We determined the catch per unit-of-effort to
obtain an estimate of the relative size of the popu-

• We shall use the terms In the sense defined by Marl' as
follows: Abundance. the absolute number of Individuals in the
population: avall~billty, the degree or percentage to which a
population Is accessible to the fisher~'; apparent abundance.
nbundance as affected h~' nvnilahllit~·: nnd eatell per unit of
effort. an in(Jex number related to tile apparent abundance.
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Meeting these three criteria wa.s necessarily a
compromise with the charaderistics of the fishing
fleet. Throughout the period of our study, yellow
tail were taken entirely by otter trawlers ranging
in size from about 10 to 75 bJTOSS tons. The ma
jority of these vessels, and the most successful,
were those of about 25 to 40 gross tons, which
could carry a crew of 4 to 6 men and make fairly
regular trips of 3 to 6 days' duration.

All of the vessels fishing for yellowtail used
similar gear, but since every fisherman ha.s his
ideas of how an otter-trawl net should be rigged,
probably no two were identical. Essentially, how
ever, they used lightweight trawl nets of cotton
or manila twine with head ropes ranging in length
from 50 to 70 feet and with foot ropes of chain,
perhaps protected by a wrapping of old rope but
never with large rollers. Usually, the doors were
attached on pennants from 1 to 3 fathoms from
the net. Vignernon-Dnhl gear was never used.

During the period of study, the yellowtail
fishery was only one of the major fisheries in the
area and a large proportion of the fleet turned
from one fishery to another as the markets and
the fish dictated. Early in the yellowtail fishery
many of the fishermen who had formerly sought
the winter flounder would regularly return to that
fishery in the spring season from April to June.
Other vessels occasionally interspersed their fish
ing for yellowtail with periods of fishing for
whiting, scup, or other species. The larger ves
sels (of more than 50 gross tons) usually sought
yellowtail only in the winter when the weather
was too rough for them to go to Georges Bank for
sea scallops or haddock, and the erews preferred
to fish the nearby yellowtail grounds. Our study
of yellowtail abundance was further complicated
by the fact that other species of fish were some
times abundant near the yellowtail grounds and
vessels on the same trip would ca:teh a mixture of
several species.

After several attempts to select particular ves
sels from the fleet, which would provide a eon
tinuous record, we found that no sizeable part of
the fleet had fished throughout the period studied.
We therefore decided to select vessels of 26 to 50
gross tons. This range in weight included the
majority of the vessels, but it elimina.ted the very
small ones whieh were most affected by the sea
sonal weather changes and likewise the very large

ones which usually entered the fishery only in
periods of poor weather. Vessels in this group
fished only part of the time for yellowtail
flounders, and many times they landed a mixture
o£ yellowtail and other speeies; eonsequently, we
f~rther restricted our data to landings comprised
of more than 75 pere-ent yellowtail.

Most of the vessels fished day and night while
on the fishing grounds, although a few of the
smaller ones fished only during daylight hours.
It was decided to select as a unit of effort n day
of 24 hours netual fishing on the grounds and to
consider the small amount of entirely daylight
fishing aecording to the actual time fished. Infor
mation on fishing effort was obtained almost en
tirely at the port of New Bedford, where the eap
tain of each vessel landing was interviewed to
determine where he had fished, what he had
eaught, and how long he had fished in each sta
tistical subarea to the nearest tenth of a day.

The interviews were commenced in October
1942 and were obtltined a few days each week
until the early part of 1943 after which they were
made daily (exeept for some intelTuptions caused
by personnel changes). Prior to October 1942, a
considerable number of eooperating eaptains had
kept detailed logbook records, which made it
possible for us to estimate the catch peT unit of
effort during the first 3 quarters of 1942.

Despite the restriction on size of the vessels,
condition of the catch, and necessity of landing
the catch at New Bedford, a considerable percent
age of the total catch has been included in our
data. The percentage of the landings included in
the cateh per unit-of-effort data was low (1.4)
during the early months of 1942 when only log
book records were available, but rose to 16.7 per
cent during the last quarter of 1942 (table 22).
Subsequently, it varied from 14.1 percent in 1944
to as much as 39.2 percent in 1948. In order to
reduce the effect of sampling variation during the
first 3 quarters of 1942 and during the second
quarter of 1945, we have included the catch and
adjusted days fished for trawlers of between 5 and
25 gross tons. The days fished were multiplied
by 0.796, the ratio of the catch per day of the
small trawlers to the catch per day of our selected
group during the period 1943 to 1947. Consider
ing the generally substantinl proportion of the
landings included and the fact that the New Bed-
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TABLE 23.-Catch per unit of effurt of yellowtail from the
80uthern New England stock, by year and quarter, 1945-49

[Averages not weighted]

ford fishing fleet usually fished the concentration
of yellowtail flounder wherever it was found
within the range of the southern New England
stock, we believe that our calculation of the catch
per unit of effort is representative of that expe.ri
enced by the entire fleet.

Year and quarter
Catch
(thou· Days

sands of tlshed I
pounds) I

Catch per day

Num
Pounds her of

tlsh'

TABLE 22.-Percent of yelloU'taillandingl.l from the 80'uthern
New England 8tock included in catch per unit-of-effort
data

111~__ • _
1.4 1946•• • __ • ••

16. 7 1947•• •••• •• _
24.0 1948_. •• _. •• _
14.1 1949_••• •• _. _

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

5, 742
6, 090

12,373
5,612

84.3 8,338 _
43.6 6,904 .• _
39.6 18, 46ll _

435. 4 10, 307 12, 413

489.7 6, 736
178.9 5,515
377. 9 10. 679
~9.0 5,890

702.9
301.0
731.2

4,487.6

Year 1942: .
1st quarter ' .. _. • _
2d quarter , • • _
3d quarter , _
4th quarter _

Average 4 ••• __ 602.9 11,004 _._. _

====
Year 1943:1st quarter • 3.298. 5

2d quarter __ 986.6
3d quarter __ 4,035.7
4th quarter _ 1,231.1

25.1
31.6
32.7
39.2
38.0

PercentPeriodPercentPeriod

1942:

~a~:=~~t__.:==::======
1943•• _••• "• •••• •
1944.__ ••• ••• _•• •

Total and average ._ 9,551.9 7,205 _

Total and average_ _ 5,730.5 7,832 _

'rotal and average_ 3.304.0 .. __ 5,848 __ . _

Total and average________________ 7,552.2 .. __ .___ 7.174 _

Total and average________________ 8, 570. 8 4.720 --------
====

6,007
8,066

10,369
7,187

3,510
4,754 -- •
5,548 -- _
5.070 ---- _

188.4 6,467
52.3 7.080

263.5 8,100
543.2 7,049

====

Year 1948:
1st Quarter.________________________ 1,895.8 540.1
2d Quarter .. 1,388.3 292.0
3d Quarter __ 2,28\1.1 412.6
4th Quarter ._________________ 2,997. 6 ,~1. 3

Year 1946:
1st Quarter . - -----_____ __ I, 218. 4
2d Quarter ._____ 370.3
3d Quarter_. 2, 134.4
4th quarter 3,829.1

Year 1949:
1st Quarter________ 1,692.0 594.9 2,844 --------
2d Quarter_ _ 216.3 76.5 2,827 --------
3d Quarter __ 449.5 73.8 6.091 --------
4tb Quarter .__ 1,555.7 379.5 4,099 --------

------------
Total and average_ _ 3,913.5 3,965 --------

====

Year 1945:
1st Quarter_________________________ 1,079.8 159.4 6,774 5,347
2d Quarter ,_.______________________ 50.6 8.8 5,750 6,091
3dquarter 1,736.5 181.1 9,589 12.613
4th quarter .. 2,863.6 310.7 9,217 9.133

Total and average________________ 8,734.9 6,394 - -- _
====

Year 1944:
1st· Quarter_________________________ 1.482.3 243.4 6,090 5,786
2d Quarter__ 226.9 44.7 5,076 6,821
3d Quarter. _ 1,433.8 178.0 8,055 10,043
4tb Quarter _ 161. 0 38.6 4,171 4,171

Year 1947:
1st quarter . ._____________ 1,482.6 259.7 5,709 5,415
2d Quarter__ .______________________ 736.6 142.8 5,158 5,412
3d Quarter . 2.468.5 265.1 9,311 12.332
4th Quarter .. 4,047.2 749.6 5,399 5,650

Average. 1942-49: ,

~~l$::::::::===========:========:: :::::===== ======== g~~ --------
3d quarter __ ----------------------- ---------- 1 9.480 --------4th quarter , I 6.400::..::..:..:..:

===--Grand average 00________ 6,732 --------

I Catch (in thousands of pounds) and days fished from interviewed vessels
of 26 to 50 gro"" tons landing more than 75'percent yellowtail on each trip.

• Estimate.s based on average weights from table 20, p. 1115.
• Includes the catch and days fished times 0.7116 of trawlers from 5 to 25

gross tons. ceee text, p. 196.)
, Unweigh ted average.

ates the seasonal fluctuation because of the tend
ency for yellowtail to run larger in the winter
fishery and smaller in the summer.

The most obvious phenomenon in the resulting
catch-per-day data is the pronounced seasonal
fluctuation (table 23). In every year (1942-49)
the catch per day during the third quarte.r was
greater than in any other quarter. The remain
ing quarters were more variable with the first,
second, and fourth leading in one or more of the
years. The average landing pe.r quarter for the
8 years, 1942 through 1949, was 5,808 pounds of
yellowtail per day for the first quarter; 5,242
pounds for the second quarter, 9,480 pounds for
the third quarter, and 6,400 pounds per day for
the fourth quarter, with an unweighted average
of 6,732 pounds for the year.

This seasonal fluctuation does not hide the gen
eral downward trend of the relative apparent
abundance of the yellowtail from 1942 to 1949.
The trend is similar in all quarters (fig. 13). The
annual average catch per day differs somewhat
from the trend in the' total landings (fig. 14): the
change in the relative apparent abundance is not
so great as the change in quantities landed. This
is to be expected from the fleet's habit of con
centrating on a species when it is abundant and
of changing to other fisheries when it bee-omes
scarce. Also, a considerable increase in the rela
tive apparent abundance occurred in 1945, which
was associated with a decrease in fishing effort
and therefore was not accompanied by im increase
in the cate.h.

The catch per day has been computed also in
terms of numbers of fish to provide data which
will be used later in the estimation of morta.lities.
It is of interest to note that the catch per day in
terms of numbers of fish landed greatly accentu-

47699li 0-59-3
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AGE DETERMINATION

The ages of a large number of yellowtail
flounder were determined for two purposes: (1)
To estimate the age composition of the landings
in each yellr and thereby obtain an estimate of
the recruitment and mortality rates; and (2) to
estimate the rate of growth.

Early in the investigation eonsideration was
given to the best method of determining the age
of the fish. The Petersen method of using modes
in the lengt.h-frequeney distribution showed little.

It is obvious immediat,ely that the seasonal dis
tribution of fishing effort did not parallel the sea
sonal distributions of catch and abundance.
Usually there was more fishing for yellowtail in
the first and fourth quarters of the year, less in
the third quarter, and least in the second quarter.
This is a reflection of a seasonal trend in the price
received for yellowtail and the relative attractive
ness of other fisheries. During the winter, yellow
tail usually was higher in price and more easily
caught than other species, but during the spring
and summer the price declined as winter flounder,
scup, whiting, and other species became available.
The large decrease in the amount of fishing for
yellowtail during the summer months between
1948 and 1949 is of interest. This occurred be
cause of a diversion of the fleet to the newly de
veloped "trash" fishery as described by Snow
(1950) .

Quarter 1942 1943 1944 1945 1946 1947 1948 1949

-----_._- ---- ------- ---------
Ist•. _...... _. __ 1.841 2.032 1,7D8 930 1,015 948 1,417 1,21
2d.._......... _' 1.891 1,243 914 S22 372 807 852 370
3d._._ .... _..•.. 1.017 1,338 708 706 662 786 1,117 322
4th.•.. __ ....... 1,515 840 5071 901 1,320 1.81711' 312

TotaL ..• 6.264 5,453 S,927 2. 859 3,389 4,358 4, 898 2.843

2

4

6

8

\0

12

TABLE 24.-Nwnber of 8tandard daY8/i8hedfor yellowtail o~
. 80uthern New England ground8, by quarter8, 194IJ-J,9

[Data computed from tables 7 and 231

Fishing Effort

The catch pel' unit of effort as computed for
the selected trawlers leads naturally to an esti
mate of the amount of fishing for yellowtail in
terms of the standard day, i. e., days fished by
small otter trawlers of between 26 and 50 gross
tons that landed more than 75-percent yellowtail
in the catch. The data (table 24) have been com
puted from tables 7 and 23.

LANDINGS
RELATIVE APPARENT
ABUNDANCE

YEAR

1942

'---I942-'=-I-943.........-I944..L:-:--I....l946-O--I946'":-:--I94-'-7-1-:'948:---194'-9---' 0

YEAR

FIGURE H.-Trends in relative apparent abundance and
landings of yellowtail from the southern New England
stock, 1942 through 1949.
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FIGURE 13.-Trend in relative apparent abundance, by
quarters. of yellowtail from the southern New England
stock, 1942 through 1949.
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promise in the first data examined. The study of
scales and otoliths was then undertaken. Both
show regular growth rings, and while the otoliths
may be more easily read in the larger fish, we
chose the scales.7 These are readily readable for
several growth rings, are much easier to obtain
from the fish, and can be handled with much less
trouble in the laboratory. The choice of scales
also was influenced to some extent by the fish
dealers, who were accustomed to boxing and ship
ping fresh fish to the market. Early in the in
vestigation a substantial part of the catch went to
the consumer as whole fish, and as it was desirable
to have clean, good-looking fish, several dealers
refused to permit the mutilation necessary to ob
tain the otoliths.
It was then necessary to determine which scales

werl'. the most satisfactory to use. Careful exami
nation of 13 different areas on the yellowtail re
vealed that the largest s symmetrical scales are
located near the anterior end of the caudal
peduncle on the eyed side. Scales from this area.
show more distinct growth rings than do those
from other areas j consequently, they were used
throughout the investigation. The limits of the
area are not critical: scales from near the lateral
line on the posterior half of the eyed side are simi
lar in size and in clarity of growth rings.

The scales were taken from the landings in the
snme mnnner as the length measurements (p. 186),
and usually they were obtained at the same time:
25 fish were measured and scales obtained, and an
other 75 fish were measured. The fish were meas
ured to the nearest half centimeter. They were
taken only from catches of vessels fishing in a
single statistical subarea in order to make certain
of their origin.

After considerable experimentation with various
methods of mounting the scales on slides, it was
found that they could be handled speedily and
entirely satisfactorily by obtaining an impres
sion on small strips of cellulose acetate, using a
rollertype press" The strips, 21j2 inches long by
1;2 inch wide by 0.020 inch thick, were warmed

• Scott (1954) used otoliths In his studies of the yellowtail
from Cape Cod and the Nova Scotian Banks. He found otoliths
about as diftlcult to read as scales from the Cape Cod area but
much easier than scales from the Nova Scotian area.

S The size of the scale Is an Important criterion because the
first growth ring appears In a tiny area near the center of the
scale· and Is completely missing from smaller seales near the
head and along the edges of the fins.

on a metal box heat.ed by a 60-watt bulb to a tem
perature II. little hotter than the hand could
stand. Four or five scales Wl're placed on a strip
with the rough sides in contact. The scales were
selected without aid of a microscope because the
regenerat.ed scales are readily distinguished with
the naked eye. The only criteria for the selec
tion of scales to be mounted were that they be
symmetrical and lack regeneration. Information
concerning the date, locality, length, and sex of
the fish was transferred to the strip with a spe
cial celluloid ink.

The growth rings vary in character according to
their position on the scale (fig. 15). The first ring,
near the center, is rather indistinct at the magnifi
cation generally used when examining scales. It
consists of a group of closely spaced circuli and is
terminated by the first complete circulus that can
be traced around the anterior portion of the scale,
followed by the widely spaced circuli. This first
growth ring is so narrow that it might have been
considered a "natal" ring j that is, one associated
with the larval stage, had it not been for our find
ing yellowtail that possessed this recently com
pleted ring in the spring just before the spawning
season.

Each of the succeeding three growth rings con
sist of a zone of widely spaced circuli enclosed by a
zone of closely spaced circuli. The outer circuli of
the)atter are usually incomplete. The outer edge
of the growth zone is marked by a prominent, com
plete circulus, which is concentric with the margin.
The second growth ring is always very prominent.
It consists of a broad zone in which the circuli are
widely spaced at first but gradually come closer
together at the outer edge of the ring. The third
growth ring is usually about one-half the width
of the second, and it, too, consists of widely spaced
circuli gradually coming closer together. The
fourth ring is about one-third to one-half the
width of the third, has very few widely spaced
circuli, and in some cases the transition from wide
spacing to narrow is abrupt. The fifth and suc
ceeding growth rings are usually very narrow and
can be most easily identified if one examines the
sides of the scale and attempts to trace the rings
around to the apex. These include few, if any,
widely spaced circuli. The outer part of the ring
usually is just an interruption of the closely spaced
circuli.
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FIGURE 15.-ScalE's of YE'llowtail flounder: A. 8.2 cm. specimen, 1 annulus. April 1944; B. 16.6 Clll. specimen. 1 annulus.
SE'ptember 1944: C. 27 cm. specimen, 2 annuli, May 1943: D. 36 cm. specilllE'n, 4 annuli, June 1942.
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In the third growth zone, frequently a very nar
row ring of closely spaced circuli is visible in the
midst of the widely spaced ones. This ring is less
prominent than the rings of closely spacecl circuli
terminating the second and third growth zones.
We have considered that this ring is associated
with spawning and is not a true growth ring com
parable to the others which we have counted. If
it is a spawning mark, it would be expected to
appear in subsequent growth zones, but it is not
apparent because the widely spaced circuli are
so few in growth zones after the third.

Examination of a series of scnle samples taken
throughout the year revealed that the new growth
ring begins to form from January to March, and
that it is apparent &'trliest in fish with two com
plE~.ted rings and later in the older fish. By the
middle of March, almost all scales show the begin
ning of the ne·w growth ring. Since the spawning
season commences in late March, we have desig
nated April 1 as beginning another year in the life
of the fish, and in counting the growth rings, we
have not included those rings completed during
,January, February, or March.

The consistent appearance of new growth at
one season of the year is evidence that these
growth rings are true annuli. Additional evi
dence appears from the facts (which will be de
veloped later in this paper) that the growth rings
are adde.d. systematically as growth proceeds, that
a progression of modes in length-frequency data
agrees closely with the length of the fish at corre
sponding ages estimated from the scales, and that
there are consistencies in the data on age compo
sit.ion and in the changes in the average length of
each age group which would be unlikely if the
rings were not annuli. It will also be shown that
there is good agreement between the mean lengths
of yellowtail aged by scales during this study and
those aged by otoliths by Scott (1954). Further
more, the theoretical ultimate length computed
from the lengths at e.ach age is very close to thl'
maximum length observed.

The age detl'.rminations used in this paper were
made by Raymond J. Buller and Dexter S. Haven
during a single period of a· few months. The
scale impressions were· enlarged by a micropro
jector and read independently by each worker.
After preliminary trials to establish a uniform

technique, the two men were able to agree on the
reading of more than 90 percent of the scales ex
amined. Due to the scarcity of older scales and
the difficulty of reading them, the scales aged 6
years and older were combined in one group in
the first quarter and agl'S 7 and older in the other
quarters.

Scales that were not rend identically by the two
renders were discarded. Since the scales become
more difficult to read with incrensing age of the
fish, discarding them could chnnge the propor
tions of older fish in the samples. Fortunately
this did not happen, as indicated in figure 16
where the percentage length distributions of the
yellowtail whose ages were detennined from
scales are compared with the percentnge length
distributions of the fish that were measured.
Only very small differences in composition are
evident, the greatest difference being a gr&'tter
percentnge of females in the 39- to 43-cm. group
of aged fish which was compensated by a smaller
percentage in the 35- to 3S-cm. group. The pro
portion of males was almost identical-34.50 per
cent in the aged fish, 34.67 percent in the meas
ured fish.
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.---- TOTAL MEASURED

10

9

l- ez....
u 7a:....
D.

6

5

4

3

2

LENGTH - CENTIMETERS

FIGURE 16.-Comparison of the IK'rcent length distribu
tions of 7,924 yellowtail whose ages were determined
from scales with 37,075 fish that were measured. 1943
through 1947.
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TABLE 25.-Number of age determinations of yellowtail,
by sex. and quarter, from the southern New England stock,
1942-47

Undeter-
Male Female mined Total

sex

25
368
74

256

205
679
175
402

93
124
144
244

884
100
668
739

647
25

908
898

200
425
499
422

9.204

43

13

1.157

586
61

412
475

30
68
85

167

121
279
350
278

49 133
430 89
1~ --- ---279-

408
12

582
.572

5.256

20
56
46
77

23
160
30
42

2118
39

256
264

79
146
149
144

239
13

326
326

2. 791

Year and quarter

Total. . . __

Year 1942:1st quarter ._________ 10 15 _
2d quarter • . . __ .____ 368
3d quarter ._ 74
4thquarter___________________ 48 50 158

Year 1943:1st quarter _
2d quarter _
3d quarter , _
4th quarter . _

Year 1944:
1st quarter ._. ._.
2d quarter _
3d quarter _
4th quarter . _

Year 1945:1st quarter _
2d quarter _
3d quarter _
4th quarter _

Year 1946:1st quarter _
2d quarter _
3d quarter _
4th quarter. . ._

Year 1947:1st quarter. . _
2<1 quarter . _
3d quarter _
4th quarter _

Rate of Growth

Growth data have been developed from the at
tained length at time of capture of 9,204 yellow
tail for which the ages were determined fro~

scales. These fish were included in the samples
collected from 1942 to 1947. The- data are listed
in detail in appendix D, p. 246, and summarized
in table 25. The mean length of each age group
in each calendar quarter during which 10 or more
age determinations were obtained has been com
puted (table 26). It may be recalled that we have
assumed that the annulus is complete on March
31, and therefore the yellowtail's year of life does
not correspond to the calendar year. The first
quarter in the fish's year is the second quarter in
the calendar year. For example, the 2-annuli,
male yellowtail that averaged 32 em. in the fourth
quarter of 1942 were actually in the third quarter
of their third year of life.

The 'average attained length for each quarter
of the yellowtail's life is plotted in figure 17. It is
readily apparent from this chart that the females

TABLE 26.-Mean lengths of yellowtail at time of capt1~re, by sex. and age, from SOl/them Nell' England stock, 1942-47

[Computed from 10 or more age determinations)

Time of capture

Mean length (in centimeters) of-

Males wlth- Females wlth- Undetermined sex with-

..
~

'§ ..
1= '§ '§ '§ '§ '§ '§ '§ :; 1

.a '§ :; '3 '§'3 1:1 = '3
<I <I <I 1:1 <I

~
1:1

~ ~
<I ~ <I <I <I <I 1:1 <I

; Ii ; Ii ; ~ ; + Iii Ii ; ; ; {; +
'"

..., ... ..,
'"

..., ... ..,
'" .. '"

..., ... ..,
'" ..

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

35.6 37.5 38.5 34.8 38.1 41.2 43 45.9 . _
32 33.6 _.. . 33.7 37 43.4 . . _
33.4 34.5 __ ... 31.7 35.7 37.4 39.9 41.8 .. _
34.2 35.7 38.2 33.6 36.4 38.5 41.3 43.2 46.4 __ . . . _

Year 1942:2dquarter . . . . . . . ._ 29.4 33.4 34.5 35.9 37.3 39.8
3d quarter . ._. . . __ . . . . . __ . 29.6 34 37.1 _
4th quarter . . 32 35.3. 32.6 36.1 . . . . ._ 32.3 36.2 38.8 41.3 _

Year 1943:
Istquarter . ._ 32 . . . __ .. 38.1 41.3 .. 46.2 27.1 32.4 35.3 37.2 40.8 _
2dquarter . 32.8 35.5 ._ 29.6 34.2 38.2 40.6 42.1 44.9 28.7 32.7 37.4 ._ 42.7 _
3dquarter . 30.2 34.2 31.7 34.6 38.8 .. . . .. _
4thquarter 32.5 34.2 . 33.3 36.9 39.3 . 33.9 36 39.4 42.8 . _

Year 1944:Istquarter . . ._. 37.9 . 31 35.6 .. ._ .. . _
2d quarter ._ ... _ 31.8 . ._._ 33.6 ._~ . ~ .---- .. ~ _
3d quarter ~ . 31.9 . . 33.8 38.2 .. __ ~ . . . . _
4th quarter ._. 30.6 33.8 37.4 32.4 36.6 39.9 42.1 45 . . _

Year 1945:
1stquarter . 27.5 33
2d qUluter .. .. _
3d quarter . 30.4
4th quarter 32

Year 1946:
1stquarter . . __ 28 33.5 35.8 38.2 . 28.1 34.8 37.6 41 43.2 46.1 .. __ . .. . __
3d quarter . 30.2 33.8 34.9 . 31.5 35.2 37.7 40.1 42.4 ._. . . ------ _
4thquarter.. .. 31.8 34.5 35.9 37.3 33.3 36.7 39 40.7 42.8 46 . . ._

Year 1947:
1stquarter 33.8 37.2 29.9 35.2 38.2 41.8 42.4 45.9 ._. _
2dquarrer ._. . 29.5 32.6 30.7 37.1 31.1 34.9 37.9 40.7 42.3 44.9 _
3dquarter ~ 30.5 32.8 35 37.5 32.1 34.9 37.7 40.3 42.8 . ._._ .. -.---- _
4thquarter . 32 34.3 36 . 33.5 36.6 38.8 41.5 42.8 .. . -.. __

--------------------------------------
Average, 1942-47:

27.1 32 35.4 37.5 40.2 43.51st quarter________ .. ___ . _._ 27.9 33.3 35.8 37.7 39.4 28.8 34.8 38 41.1 43 4~2d quarter________ . _________ 29.1 32.5 35.2 37.2 30.4 34.2 37.9 40.6 42.2 44.5 29 33.2 34.7 36.6 38.8 39.8
3d quarter___________ . ______ 30.3 33.1 34.9 37.1 31. 7 34.8 37.7 40.1 42.4 44.3 30.1 33.9 37 --.--- ------ ------4th quarter_________ . ___ . ___ 31.9 34.4 35.9 37.6 33.3 36.7 39 41.1 43.2 46.4 ------ 33.6 36.4 39.5 42.6 44.9 ------
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AGE - YEARS AND QUARTERS

FIGURE 17.-ME.'an lE.'ngths of YE.'Uowtail. by agE's and quar·
tE.'rs, in thE.' landings from thE.' southE.'rn NE'w England
stock, fourth quarter 1M2 through 1947.

c~unted in the fourth quarter of the fish's year of
Ide and/or too many rings were counted in the
succeeding first quarter, such a cycle might result.
Error in reading the scales seems improbable,
however, because any evidence of a new annulus
forming at the edge of a scale during the fourth
quarter was disregarded, and too few rings could
have been read only by disregarding annuli which
were counted in similar scales from second and
third quarters. Most important is the similarity
o~ the cycle in all age groups after the yearling.
Smce scales from the 2- and 3-year-old groups are
so much easier to read than from the older age
groups, we feel certain that any reading errors
would have been much more common among the
older fish; consequently, a change in the cycle
would have occurred between the young and old
groups. We, therefore, believe that reading
errors are not responsible for the seasonal change
in average length. Rather, the most probable ex
planation of this seasonal growth pattern is that
different 'populations of flounders occurred in the
landings in different quarters 'of the ye~r and that
these populations were growing at slightly differ
ent rO;tes.

The differences in rate of growth of yellowtail
among quarters are accentuated when the lengths
are converted to weights (using the formulas
from table 16), because when the fish were longer
they were also correspondingly heavier. The
weights (t.able 27) when plotted (fig. 18) show a
markedly faster growth in the first 'quarter of the
fish's year of life, intermediate and about equal
growth during the second and fourth quarters,
and slow growth during the third quarter. The
differences, especially among females, are so great
that they indicate population differences rather
than seasonal differences. For exa:mple" females
with three annuli were heavier in the first quarter
than in the following second and third quarters,
and in their next year of life were heavier in the
first quarter than during the subsequent second
third, and fourt.h quarters. In addition, th~
heaviest fish were found during the coldest season
when we would expect the moo of growth to be
minimal.

These curves (fig. 18), ,which are nearly straight
lines passing through the point of origin, indi
cate nearly equal weight increments during eae.h
year of life in the fishery. This results, in ,part,

7+654
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grow faster than the males, as was to be expected
from the observation that females attain a greater
size. They were 4.5 pe.rcent longer than the males
at age 2 and up to 9.1 percent longer at age 5.
The lack of males 'prevents such comparison in the
older age groU!ps.

On the other hand, figure 17 indicates an unex
pected constant seasonal cycle in the growth
curve. The mean length during the fourth quar
ter of the fish's year of life (first calendar quar
ter) is .usually slightly greater than during the
succeedmg first and second quarters in both of
which the fish are of about the same ~verage size.
One would expect. slow -growth in winter and
rapid growth in summer, except perhaps during
t.he spawning ·period from April through June.
Although reduct.ion of the mean lengt.h of an age
group might. occur among t.he younger groups be
cause of seasonal changes in gear selectivit.y, it
would not be ex'pected consistently in all age
groups.

The possibility of this seasonal change in aver
age length being due to errors in reading the
scales was not overlooked. If too few rings were
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TABLE 27.-.Alean loeight8 and growth rate8 oj yellowtail, by
quarter, age, and 8ex, Jrom the 80uthern New England
8tock, 1945-47

Number of
annuli

Males Femall'S Sexes Instan·_____ com- taneous
blned, growth

Mean Num· Mean Num- weighted rate
weight ber weight ber mean

AGE - YEARS AND QUARTERS

FIGURE 18.-Growth in w~ight of yellowtail from the
southern New England stock caught during different
calendar quarters. Dashed line indicates probable
growth during early life.

from certain characteristics of the data. There is
little doubt that the average weight of the yellow
tail taken during the thil-d year of life (2-annuli)
is greater than the average weight of the fish re
maining in the sea, because the fishery selects fish
above a certain size. We shall note subsequently
that growth during the first year of life is ve.ry
small, as suggested by the dotted lines in figure
.18. At the other end of the curve we have com-
bined the 6-annuli and older fish in the first quar
ter and 7-a.nnuli and older fish in other quarters.
This combination of age groups is probably re-

J,[ean inMan·
tantou, growtll

Age groups: rate
1-2 annuli.. 0.673
2-3 annuli.. , .291
3-4 annuli. .233
4-5 annulI. _ ___ ___ __ __ ____ _ .238
5-6annoli. .206
6-7 annull._._________________ .173

SUMMARY

All quarters__ 2,733 5.191 _

1st quarter: Pound' Pound, Pound,
1 annulus_______ 0.4137 51 0.4543 28 0.4281 0.6192 nnnulL.. _____ .7229 250 .8619 268 .7948 .2773 annulI.. ______ .9089 238 I. 1607 295 1.0483 .2904 annuli._ •• ____ 1.0696 97 1.5129 285 I. 4003
5 annull.. ______ 1.2293 23 1.7634 172 I. 7004 .194

.2656 annulI. _._, ___ .------- _. ------ 2.2168 146 2.2168
2d quarter:

1 annulus_______ - - - - -.--- - -- ~ -. -~ - - - ----- -- ------ - ---------2 annull••• _____ .4724 55 .5724 95 .5357 .3403 annuli_ •• _____ .11347 219 .8181 389 .7520 .2484 annuli•••• ____ .7854 104 I. 1172 120 .9632 .2ll55 annull.. ______ .9104 33 1.3769 128 1'.2813 .1766 annull. _______ I. 0191 3 I. 548.~ 77 1.5286 .1747 annulI. _______ -----.-- .._---.- 1.8200 41 1.8200
3d quarter:

31annulus_______ _.. _---- 3
2 annulI. •• _____ .5346 432 .6052 578 .5750 .26;3 annull. ••• ____ .6694 210 .7974 366 .7507 .2144 annuli ________ .7661 145 1.0010 334 .9299 .2465 annu11. ••• ____ .8954 17 1.2124 216 I. 1893 .1856annu11._ •• ____ ----_ .. - ------- ~

1.4307 63 1.4307 .1297 annoll. •• _____ -_.- - - _ .. -----_.- 1.0;280 14 1.6280
4th qoarter:

.2890 .33411 annulus... ___ . .3792 5 5 .7322 annuli.. ______ .6362 398 .7489 427 .6945 .2873 annuli. __ • ____ .7854 226 1.0260 316 .9257 .1924 anno11. •• _____ .8845 166 I. 2491 308 I. 1214 .2325 annuli.. ______ 1.0055 52 I. 4791 323 I. 4134 .2076 anou11. •• _____ ---- - - -- 6 1.7386 141 1.7386 .2317 annull. •• _____ -_. -- _.- -------- 2.1903 53 2.1903

sponsible for the greater growth among females
in the first and fourth quarters.

The mean growth rate, computed from the data
in table 27, will be of use to us later in population
studies. Such a mean should be representative if
we give proper consideration to differences be
tween the sexes and 'among quarters, because we
found no trends in the growth rate during the
period of our study. The estimated weights for

. each sex in each quarter have been combined in
quarterly averages through weighting the means
of the sexes combined by the number of each sex
in the scale s~mples at each age from 1943
through 1947. 'We then computed t.he instan
t.aneous growth. rate (l..~) for each age in the four
quarte.rs from the formula

e"=l+b
in which b is the fractional incrense in weight
over that at the beginning of the year (after
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Ricker 1945). The values for each quarter were
then c,ombined in a geometric mean for each age.

The resulting growth ra.tes conuneuce at. 0.673
between ages 1 and 2~ drop abruptly to 0.291 the
next year, and then decrease to 0.17:3 bet.ween ages
6 and 7. The first of these growth rates is prob
ably much too low-not only because of the gear
sel~ctivitymentioned earlier, but be.cause the. year
ling group was represented only during the last
half of it.s year of life .(fourth and first ca.lendar
quarters) when the fish had already accom
plishe,d most of their season's growth. The growth
rat.e from 2 to :3 years is probably somewha,t low
also because of gear selectivity.

The measurements of the fish for which we have
scale readings provide- va.luable chech."'S on the. va
lidit,y of the readings. First, the mean lengths
are in close agreement, exc.e.pt in the older age
groups, with those obtained by Scott. (1954), who
aged his fish by otoliths. In table 28 we have
compared Scot.t's readings from otoliths collected
during July 1946 in t.1w. New Bedford fishery with
our determinations fr<;>m scales colleeted during
t.he ent.ire third qua,rt.er of 1946. Agreement. be
tween scale and otolith readings is very good
except among age-groups 5 to 7 where the mean
lengths of the fish whose ages were determined
by otolit.hs are somewhat less. This lack of agree
ment in the older groups might be attributed to
the finding of a greater number of annuli on the
otolit.hs because a slightly greater proportion of
older fish were found; but we ulso notice that no
fish of grea.ter age were found in either sex by

TABLE 28.-Mean lilngtns of yellowtail flounder, by age
groups and 8eX, as determined from otoliths and from
Bcales, third quarter 1946

[In centimeters; number of specimens in parentheses]

Length of males Length of females
determined from- determlnoo from-Age group _

____. _ Otoll~ SCal.':_ Otolith~l_Scales_

1._.___ - 17.5

(1)
2.____________ 29.1 30.2 30.2 31.fi

(23) (212) (23) (281)
3_____________ 34.0 33.8 35.0 3,~.2

(4) (35) (2\)) (38)
4.. 34.4 34,9 37.3 37.7I. (~ (W (~)
5.____________ 35.31 3tl,8 38.8 40.1

(12) (6) (40) (126)6__._________ _ 38.7 42.4

7____________ (Wo (fa!7
(5) (5)

I Collected In July (Scott 1954).

means of the otoliths. Moreover, the possibility
remains that the sca.Ies and otoliths were obtained
from somewhat different. populat,ions because of
an t~brupt. change in the. principal fishing grollnds
between .July and August 1946 (table 3). There
fore we do not consider that these discrepltncies
indieate faults in the scale-reading technique.

The differences among popuhttions within the
southern New England st.ock, as suggested by com
pI~ri80n of the otolith and seale samples and by
t.he discrepancies ill att.ained size in different.
quarters, are mueh smItHer HUUl those between the
southern New England and Nova Scotian yellow
t.ail. Scott (HJ54) found t.hat. t.he yellowtail on
Middle Ground and 'Vestern Ba,nk arens of t.he
Nova Scotian Banks grew much more rapidly t.han
the Cape Cod yellowtn.il, except during the second
and third years of life. However, in the second
year t.he growth of the southern New England
yellowt.llil so far exceeded the growt.h of the Nova
Scotian fish that the attained lengt.h of the sout.h
ern New EnglallCI fish was thl." grl."ltter until about
thl." seventh year. At. this age, when the southern
New Engfand yellowtail had nearly all died, the
female Nova Scotian yellowt.ail were just mat.ur
ing. They continued to grow until t.he modal ages
in the cn.t.ch were 9 and 10 years at. lengt.hs of 44
t.o 47 cm. Cont.rast this with maturity and n
modal age of :3 years at about :34 em. in the 'sout,hern
New England stock.

Additional evidence of the reliability of the sca.le
readings is nvaililble in a comparison of the at.
tained. sizes (tn,bIe 26) wi th modes in t.h~ length
frequencies of t.he females. -We have plotted the
percentages at each length as deviations from the
grand mean for t.he ,years 1H42 to 1947 (fig. 19).
Two modes, suggestive of dominant year classes,
progress from year to year. An eye-fitted line
faired through one series of modes comniences at
25.5 em. In ]942, is missing in 1943, but continues
~,o :34.5, :37.5, 41.0, and 42.5 cm. in the succeeding
years. This is in good agreement. with the mean
at.t.ained lengt.hs of t.he 1941 year class from scale
readings which averaged 33.8,37.4,40.1, and 42.8
cm.· in t.he third quarter (the season of heaviest
landings) of the corresponding years. The shorter
series of modes commences at 28.5 em. in 1945 and
cont.imies at. about. 31.5 and 34 em. in the following
ye.ars. This also is in good agreement with the
meun attained length of the females from the HIU
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LENGTH - CENTIMETERS

FIGURE 19.-DeviatioDs fronr the ml?aD percentage length
distribution of female yellowtail from the southe-rn New
England stock. 1042-47. (N=numher of fish.)

year class which were 31.5 n,nd 34.9 em. during the
third ql1arters of 1946 and 1947.

It is highly significant that there was no trend
in the mean length ,(and consequently in the
growth rate) of each 'age group during the period
of our study. The mean lengths of both males
and females (table 26) for comparable quarters
from 1942 to 1947 reveal no tendency toward an

increasing or a decreasing growth rate among
either older or younger fish. It is surprising that
an increased growth rate has not occurred during
this period of intense fishing in view of the both
theoretical and empirical determination for many
species that the growth rate increases as the stock
decreases. Since we found no change in rate of
growth, we conclude that the total environmental
pressure remained essentially constant during the
period of this study.

The rate of growth in the young yellowtail ap
pears to be rather un:usual. The proportions of
the scale suggest that growth to the first annulus
is only from 3 to 5 cm., whereas during the second
year the fish attains a length of nearly 30 cm.
Such a method of estimation is not precise, how
ever, because some measurements of the scales
from fish in the commercial catch showed that in
crease in size of the scales is not proportional to
increase in size of the "fish: the scale growth' is
heterogonic. For this reason and because we
could not obtain ai)preciable numbers of juvenile
yellowtail to determine the relation between scale
size and fish size, we hav~ not attempted to cal
culate fish lengths at early ages from 'scales.

Age Composition of the Landings

The proportion of each age in the landings is
readily determined from the samples (appendix
D, p. 246) because all of t.he yellowtail used in
making the age determinations except those taken
during the first three quarters of 1942 were taken
at random from the landings (table 25). The
samples not taken at random during the early
part of the investigation may not be representa
tive and must be considered with caution. These
proportions, when plotted by quarters (fig. 20)
offer rather striking evidence of an alternation of
the populations between winter and summer from
the winter of i942-43 to the winter of 1944-45.
The distribution of age groups was similar in the
fourth quarter of 1942 and the first quarter of
1943. Then a marked change to a summer pat
tern existed in the second and third quarters of
1943. This pattern was followed by a winter pat
tern in the fourth quarter of 1943 and the first
quarter of 1944, a summer pattern in the second
and third quarters of 1944, and another winter
pattern in the fourth quarter of 1944 and the first
quarter of 1945.

1942
N -703
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N-5342
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N-5963
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N-4157
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N - 6250
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NUMBER OF ANNULI

FIGURE 20.-Age composItion of yelIowtail from the
southern New· England stock during each quarter, 1942
47. (N=nunlber of fish.)

An interruption in the sequence of summer and
winter populations occurred in 1945. Here we
find a close resemblance in the age distributions
of the third and fourth quarters which persisted
somewhat less cle.arly in the third and fourth
quarters of 1946 and 1947. The change may .be
reflected also in the total landings, which were
markedly greater in the fall months of 1945

~942-ISTQ
N·25- 1942 -2Cl Q

----- N.36ll

/~ 1942 -3D Q
N·74

1942 -4THQ./ N·256

1943 -1ST Q
~

1------..... . N·205

/"-- 1943 -20 Q
N·679

/ ----==-- 1943 -30 Q
N·I75

~ =------- 1943 -4THQ
N·402

~ 1944 -1ST Q
~~ N·~

/ ~ 1944-2D Q
N·124

/ ~ 1944-3D Q
N·144

~ 1944-4THQ
N·244

~945-ISTQ
. N·884

~2DQ
N·IOO

./- ~ 1945 -3D Q

--- N-668

~- - 1945 -4THQ
N-739

/-- 1946-IST Q
N·647-------. 1946 -20 Q
N·25

/~ 1946-3D Q
N-908

~ - 1946-4THQ- N-898

~947-ISTQ
N-200

~ ~
1947-2D Q

N·425

/ 1947 -3D Q
N·499- 1947-4THQ
N-422

~ 100jIi! 75

I- 50
~ 25
Ii! 0
~

2 3 4 5 6 7+

through 1947 than· in 1943 and 1944 (table 7).
The first and second quarters in 1945, 1946, and
1947 have age distributions which appear to differ
from those of the third and fourth quarters and
also among themselves..

When we seek evidence of dominant year classes,
these changes in age distributions within the
southern New England stock emphasize the neces
sity of comparing each quarter only with the same
period in other years and that with caution.
When we do so for the first quarter (fig. 21) by
plotting the deviations from the average age-fre
quency curve for the 6 years, 1942-47, we find one
series of small modes as indicated by the dashed
line. The series runs from the mode at the second
annulus in 1943 to the mode at the fifth annulus
in 1946. Recalling that the second annulus in the
first quarter of 1943 was completed March 31,
1942, we identify this series of modes as repre
senting a more abundant ye.aT class from the 1940
spawning. However, the age distribution during
the first quarter was remarkably uniform, and
this year class was only slightly more abundant
than the others-its maximum deviation above
the average being less than 9 percent.

Turning to the second quarter (fig. 21), we find
little indication of a dominant year class passing
through the fishery. Only two pairs of modes sug
gesting this. appear-one from the 1941 year class
in 1944 and 1945 and the other from the 1942 year
class in 1946 and 1947. Since these modes are
neither preceded nor followed by peaks, their in
terpretation as dominant year classes is dubious.

Much clearer is the succession of modes from
the 1941 ye~r class which appear as peaks from
1944 to 1947 in both the third and fourth quarters
(fig. 21). Why both of these quarters in 1943
produced fewer fish from this year class, which
was subsequently abundant, is of interest. Clearly
the 1941 year class was not as available as other
year classes at the 2-atinuli stage during these
quarters, nor was it more a.vailable during other
quarters in 1943.

. Other features of these curves are significant.
The proportion of 2-anilUli fish increased abruptly
in 1945 in both the third and fourth quarters, and
since no decrease OCCUlTed in the cull size (see
length freque.ney data, p. 245) the.y must have be
come more available to the fishery. Significant,
too, is the fact that they either did not remain
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FIGURE 21.-Deviations from the mean percent age composition of yellowtail landed from the southern New England
stock, 1942-47. Dashed lines indicate the series of sDlall modes. .

more available or else were mostly caught in 1945,
since no similar increase in 3-annuli fish was noted
in 1946 or 1947.

The data on age composition (table 29) are
readily combined with the total landings in num
bers of fish (ta.ble 21) to obta.in an estimate of
the landings of each age group in each quarter
from the fourth quarter of 1942 through 1947
(table 30). These data will be used later in de
termining mortality. Meanwhile, we note that on
the average, age-groups 2, 3, and 4 predominated,
comprising 28.1, 35.5, and 19.3 percent of the

catches. An exception to this might be taken for
the average landings in the second quarter (the
spawning se.ason), when the 3-year-olds comprised
more than half of the total; but this average is
strongly influenced by the unusual sample from
the second quarter of 1944, and probably is not
representative. Also noteworthy is the fact that
the average landings of young fish prior to age 2
years and 3 months we.re negligible. The young
est group strongly represented in the average
catch was the group with 2 annuli in the third
calendar quarter.
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Males Females

----_._----------

TABLE 31.-Ultimate length (I ell) and maz.imum length
found in samples of the catch (1m), from the southern Ne,o
Englqnd .tock, by quarter and .ex

[In centimeters]

Good agreement appears between maximum
lengths observed and Walford's (1946) ultimate
lengt.h loo for the yellowtail. This characterist.ic
represents the length at which growth becomes
zero and is computed from

loo=~
I-A:

in which II is the y intercept of a line fitting the
points (In, ltn + 1), In is the length at age n years
and lc is the slope of the line. We have used the
mean attained length by quarters from table 26,
fitted lines by the least-squares method to deter
mine II and le, and estimated loo, for each quarter
and sex. ('We have omitted females age 7 years
and older from the computation because this
group contains older fish and probably has a high
er average mean length than a group composed
only of females age 7 would ha.ve.) The results
(table 31) show reasonably good agreement with
the maximum size observed in the length samples
which comprised 38,335 fish from the fourth
quarter of 1942 through 1947. If we assume tha.t
the samples from different qua.rters represent dif
ferent popuhttions and the estimates of loo con
tain sampling variation, it is permissible to aver
age them. Thus, we find that the mean estimate
of loo for males is 1.1 em. lower and for femaJes
2.0 em. higher than the observed measurements,
Moreover, the estimates of loo from these da.ta,
particularly for males, a.re proba.bly low because
the fishery undoubtedly oversamples the larger
fish in the younger age groups. This results in a
high value for l., and perhaps for l., and corre
spondingly lower values for lc and loo. Neverthe
less, the close agreement gives us further confi
dence in our age readings and length s:tmplings.

51.7
49.4
61.8
52.2

53.8

I ...

51. 8

1m'

41. 0 52.5
44.2 51. 5
47.8 48.5
42. 7 54.5

I ...

45.0 I 43.9Mean•. __

Quarter

1st. .. _.. __ 46.5
211 ... _._._ .. __ 45.5
3d . __ ._._ .. __ 42.5
4th... . __ ._... 43.5

Number of fish having-

Year and quarter To-
1 2 3 4 5 6 7+ taJl

annu- an· an- an- an- an- an-
Ius nuli nuli nuli nuli nuli nuli

--------------
Year 1942: 4th quar·

ter.. _' ..____________ 567 7,270 6,684 1,764 1,395 808 293 18,801
Year 1943:

1st quarter ________ 740 3,643 3,244 2,049 1,025 967 ------ 11,669
3d quarter_________ -.._.- 948 3,812 1,483 702 41i7 167 7,569
3d quarter_..______ ------ 2,554 8,419 4,446 568 473 94 16, 553
4th quarter________ 12 1,325 1,853 985 399 94 47 4,714

Year 1944:
1st quarter .. ______ 112 2,796 3,914 2,236 560 783 ------ 10,401
3d quarter._.______ -----. 251 5,277 351 251 100 ----- . 6, 232
3d quarter_. _______ 691 4,842 1,186 346 ------ 49 7,114
4th quarter________ 17 425 910 373 165 174 52 2, 116

Year 1945:
1st quarter .. ______ 191 1.006 1,473 1,231 579 489 ------ 4,9703d qnarter_..______ 110 S20 536 158 63 189 1,575
3d quarter_._______ 53 3,921 1,774 2,388 534 199 40 8,909
4th quarter... _____ 22 2, 706 1,414 2, 394 1,103 378 211 8,229

Year 1946:
1st quarter .. ______ 235 2, 310 1,697 1,028 575 254 ------ 6,099
3d quarter__. ______ 840 720 1,080 360 ._---- ------ 2,999
3d quarter..__ . ____ 8 3,728 552 1,376 998 166 38 6,866
4th quarter.. __ . ___ 53 3,685 1,447 1,362 2,155 580 200 9,484

Year 1947:
1st quarter_. ______ 462 1,772 1,361 616 539 385 ----.- 5,136
3d quarter... ___ . __ 668 1,635 535 905 483 144 4,370
3d quarter..._. ____ 19 3.650 3,650 951 932 408 78 9,688
4th quarter..______ --- .-. 3,723 2,944 1,411 1,119 876 195 10,267----------------

Average, 1943-47:
1st quarter _. ___ . __ 346 2,305 2,338 1,432 651 576 ------ 7,655
3d quarter_ .. ______ 563 2,393 797 475 221 100 4,5493d quarrer_________ . 16 2,909 3,847 2,069 676 249 60 9,826
4th quarter_.______ 21 2,373 1,714 1,305 988 420 141 6,962All years. _________ 385 8, 150 10,292 5,603 2,790 1,466 301 28,992Percent _______________ 1.3 28.1 35.5 19.3 9.6 5.1 1.0 --- ---

TABLE 30.-Estimated. number of yellowtail of each age,
landed from the southern New England stock, fourth
quarter of 194e through 1947

(In thousands of fish. Based on tables 21 and 29]

TABLE 29.-Age composition, by quarters, of yellowtail
. landed from the southern New England stock, 194e-47

.
Percent of fish having-

Num-
Year and quarter ber of

fish 1 an- 21m- 3 an- 4an- 5 an- 6an- 7+
nulus nuli nuli nuli nuli nuli an-

nuli

--------------
Year 1942:

1st quarrer .....___ 25 8.00 24.00 24.00 28.00 12.00 4.00 ~ ._--.
211 quarter. ________ 368 ------ 4.08 27.17 36.68 13.86 9.78 8.42
3d quarter._.______ 74 ___ . __ 16.22 45.94 33.78 4.05 ------ -----.4th quarter________ 256 3.12 38.67 35.55 9.38 7.42 4.30 1.56

Year 1943:
1st quarter. _______ 205 6.34 31. 22 27.80 17.56 8.78 8.29 ------211 quarreL.______ 679 ------ 12. 52 50.37 19.59 9.28 6. 04 2.21
3d quarter.. ___ . ___ 175 ------ 15.43 50.86 26.86 3.43 2.86 .57
4th quarter_. _____ • 402 .25 28.11 39.30 20.90 8.46 1.99 1.00

Year 1944:
1st quarter.. ______ 93 1.08 26.88 37.63 21.50 5.38 7.53 ------3d quarter.. _______ 124 ------ 4.03 84.68 5.64 4.03 1.61 ------3d quarter_________ 144 --- --- 9.72 68.06 16.67 4.811 ------ .69
4th quarter. _______ 244 .82 20.08 43.03 17.62 7.79 8.20 2.46

Year 1945:
1st quarter _. ______ 884 3.85 20.25 29.64 24.77 11.65 9.84 ~-----

3d quarter._.______ 100 ------ 7.00 33.00 34.00 10.00 4.00 12. 00
3d quarter.________ 668 .60 44.01 19.91 26.80 5.99 2.24 .45
4th quarter.. ______ 739 .27 :12.88 17.18 29.09 13.40 4.60 2.57

Year 1946:
1st quarter.. ______ 647 3.86 37.87 27.82 16.85 9.43 4.17 ------3d quarrer_________ 25 ____ ._ 28.00 24.00 36.00 12.00 ------ ------3d quarter .. _______ 908 .11 54.30 8.04 20.04 14.54 2.42 .55
4th quarter_.______ 898 .56 38.86 15.26 14.36 22.72 6.12 2.11

Year 1947:
1st quarter. _______ 200 9.00 34.50 26.50 12.00 10.50 7.50 ------3d quarter..• _____ . 425 ------ 15.29 37.41 12. 24 20.70 11.06 3.29
3d quarter..._. ____ 499 .20 37.68 37.68 9.82 9.62 4.21 .80
4th quarter..______ 422 ------ 36.26 28.67 13.74 10.90 8.53 1.90

I Slight discrepancies occur due to rounding oft of the figures. I From appendix C, pp. 244--5, recorded In centimeter groups.
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• This and other symbols for mortality rates are used as dellned
by Ricker (1948) and Widrig (19M).

TABLE 32.-Early recaptures of tagged yellowtail released on
the principal fishing grounds off Nantucket Shoals and No
Mans Land

Such a high rate of exploitation for a small
group of fish is subject to criticism as not being
representative of the rates experienced by the
population, unless availability is not uniform
among all parts of the population. However,

III The half life was computed by substituting the observed
recapture rate " and 0.5 for m. in the "compound interest"
formula 13=1- (1.",,")8 and solving for ft. Then," times the
period in days gives the half Ufe.

11 These years start with each release date and are dl1l'erent
for each lot released.

rates calculated in this way are probably indica
tive of the mortalities experienced by groups of
fish while completely available to the fishery. All
of the lots except No. 10 were released from com
mercial fishing vessels, and in such an operation
the tagged fish probably were released over a sub
stantial part of the area that the fleet was fishing
at the time. One characteristic of the yeUowtail
fishery has been the appearance of concentrations
of yellowtail at various places with a subsequent
shift of the fleet to those areas. We have actually
observed a group of about 50 vessels fishing at one
time in an area of not more than 300 square miles.

At the mean rate of fishing found from the tag
returns, the "half life" (the period required to
catch half of the fish exclusive of any natural mor
tality) would be 123 days.10 At the maximum
rate of fishing (lot No. 11), the half life would be
only 72 days-a period similar to the length of
time fishing was frequently pursued intensively
in a small a·rea.

Mortality from Tag Returns in Successive Years

Estimates of the rate of fishing, m, derived ~rom

the early recaptures are not greatly different from
estimates of the total aimual mortality rate, a, de
rived from the tag returns in successive years. l1

If we consider the same four experiments (lot
Nos. 4, 5, 10, and 11) used to estimate immediate
mortality, we note that 103 yellowtail were recap
tured during the first year, 11 during the next
year, and 1 in the third year (table" 33). Ricker
(1948) has pointed out that such a series of recap
tures provides direct estimates of the survival

1 .; I b ki 9 2 9 srate, 8= - a, SImp y y ta ng 9
1

• O
2

' et cet-

era. If we do this, we find 8= 1~~ =0.11,

a=0.89. Between the second and third. years,

a = 1- 11
1

= 0.91, but this estimate, of course, is

much less reliable because of the small numbers.
Similar computations for the total retums in
successive years from all the lots released in the

25
southern New England stock show 8 = 212' a=0.88

between the first year and the second after tagging.

131 2 0.43
. 286 14 .83

158 7 .80
228 21 .97------
803 44 .86

Number Annual
Number recap· rate of
released tured IIshlng

In first (m)
10 days

Date releasedLot

~~: L:~~::::::::::: ~~~~~~1~·.:::::
No.10••• July 19, 1946 • _
No. 11 ••.. • Aug. 21-23. 1946_. _

AlIlots . _ . _

SURVIVAL, MORTALITY, AND AVAILABILITY

Three methods were used to estimate survival
and mortality rates, no one of which is completely
satisfactory but- each of which contributes some
thing to the sum of the information. These meth
ods are as follows: (1) Immediate fishing
mortality determined from the ratio of early re
tUnlS of tagged fish to total number released; (2)
total mortality determined from the ratios of the
numbers of tag returns in successive years; and
(3) total mortality determined from t.he ratios of
the apparent. abundance of certain age groups to
comparable groups in successive years.

Immediate Fishing Mortality

The recaptures of tagged yellowtail during t.he
first 10 days after release on t.he principal fishing
areas usually show a high mortality rate (table
32). The recapture rate may be converted to the
annual fishing rate, ?n,P if we assume that the 10
day mortality is equal to the instant.aneous fishing
mortality rate p, where 'm= 1-e-p•

The calculations (table 32) yield estimates of
?n ranging from 0.43 to 0.97 and averaging 0.86
from the sum of retUnlS and releases. These values
can be consider.ed minimal estimates of the annual
total mortality rate a of the group tagged because
natural mort.ality is not included. They will, of
course, have been reduced by deaths due to tagging
during the 10-day period, but. because only lively
fish were released such deaths should not have been
immediate.
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Sum 00 00 212 25 6 2 1 _

Sum____ 48 2 0 2 __ ._ _

--------------------

TABLE 33.-Numbers of tagged yellowtail returned in
s'uccessive years after release

stock (table 24) declined from 6,264 days in 1942
to 2,859 in 1945, increased to 4,698 days in 1948 and
(h'opped to 2,S43 days in 1949. Except for 1949,
it did not change more than 30 percent in any
year. Since most of our sums of returns in suc
cessive years include experiments conducted dur
ing periods of both declining and increasing fish
ing effort, we have chosen not to adjust our re
turn data by the amount of fishing.

The estimates of mortality in the southern New
England stock are lower than similar estimates in
the Georges Bank stock for which (table 33) al
most all of the tags were returned during the first
year. In the Georges Bank stock,' the survival
rate from the first year to the second was only

;8' or an annual expectation of death of 0.96.

The proportion of returns in successive years was
similar in all lots. Reference to table 4 indicates
that in two of the releases off Georges Bank, lots
No. 7 and No.8, a great number of returns were
experienced in the first week after tagging, but
in lot No. 14 the returns were well scattered
through the year after tagging, and yet no differ
ent proportion was obtained in successive years.

The mortality rate computed for the Cape Cod
stock is lowest of all (table 33). Here we obtain
the values for the annual expectation of death of
0.77 between the first year and the second after
tagging and of 0.62 between the second year and
the third after tagging. These values perhaps
should be even lower than this because we have
included lot No.3, which was tagged under ex
tremely difficult weather conditions and showed
no returns after the first year. If we consider
only lot Nos. 9 and 13, we find an annual expecta
tion of death of 0.50 between the first year and
the second after tagging.

When we associate these mortality rates with
the trends in the yellowtail fishery we find a rather
confusing relationship. As would be expected,
the lowest mortality rate occurred in the Cape Cod
stock where production was relatively stable, but
the higher rates occurred, in one instance, when
production was rapidly increasing and, in the
other cases, when product.ion was seriously de
clining. We have no explanation for this, but it
is clear that a high mortalit.y rate from such com
put.ations is not evidence per ge. of a dangerous
fishing rate.

o 0 1 _
1 _
1 0 1 _

60 12 3 2 1 _
47 2 2 00 _

9 2 . _. __
19 2 _
2 .. . __ .. _

27 2 1 ..
48 5 . ._

Cape Cod:
No. 3 405 Mar. 18, 1942 24 _
No. 9 138 June 14, 1946 22 8 4 0 1 1
No. 12.... _ 270 May 26-27,1948___ 7 0 1 _
No. 13_____ 159 June 8,1948_______ 4 6 ° 1 . _

---------------Sum ._______ 67 13

These estimates of mortality are subject to sev
eral tagging difficulties, as well as to change.s in
fishing pressure. First, as has been pointed out,
we probably experienced some mortality among
the tagged fish shortly after the fish were released.
Whenever the tagged fish were exposed immedi
ately to a heavy fishery, as was usually the case,
undoubtedly some that would have died soon
were caught, thus tending to give a larger number
of returns in the first year than would be experi
enced in the second from the same rate of fish
ing. The result of this would be an estimate of
the annual expectation of death greater than the
actual value. Secondly, loss of tags through cor
rosion of the pins probably took place somewhat
after the immediate tagging morta.lity; but we
judge that our losses from this cause were small
(see p. ISO), although we cannot accurately evalu
ate them. Lastly, changes in fishing p.ressure in
fluenced the number of returns. This cannot be
accurately evaluated because we do not know the
amount of fishing pressure on each population.
The fishing pressure on the southern New England

,==1'=======-======
Georges Bank:

No. 7__ 189 Jan. 28...,'11,1946 __ 23
No.8 .. __ 100 Jan. 17-18, 1946.___ 6
No. 14_____ 61 Aug. 28-,'11, 1949.__ 19

Nwn- Number returned In-
ber

Stock and lot reo Date released
leased 1st 2d I 3d 4th 6th 6th

year year year year year year

Between the second year a.nd third door tagging

8= :5' a=0.76. The nlue of a calcula.ted in this

way indicates the total mortality-fishing mortal
ity and natural mortality occUlTing simultane
ously.

Southern New
England:

No. L_____ 227 Feb. 24, 1942 _
No. 2______ 240 Mar. 2. 1942 _
No. 4_.__ __ 131 June 10, 1943 _
No. 6. . _ 286 Oct. 22-24. 1943 _
No. 6._.___ 16 Feb. 28--29. 1944 _
No. 10_____ 158 July 19.1946 _
No. 11.____ 228 Aug. 21-2.1, 1946 _



212 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

TABLE 35.-Catch per day in numbers oj yellowtail, by year
class and quarter, from the southern New England stock,
1997-44

TABLE 36.-Mean apparent 8urIJiIJal between age groUp8 of
yellowtail in the southern New England stock

[Computed from abundance Indexe8 for fourtb quarter of 1942 through 19471

have computed the ratio 1.024 between age groups
2 and 3 as follows:·

~0340+. . . 0348
8= ----.,~.:.....,.--""""""=""

~0240+. . . 0248
in which 03 40 indicates the catch per day of
3-annuli fish of a 1940 year class, and so on. The
data. have been kept by quarters because of our
previous observations that different populations
tended to be available in different quarters.

1st quarter:1937 • • • ro4 436 • _
1938. . • ._____ 1,008 311 526 _
1939 ._ 1.596 1.244 623 2liO • _
1940 . .__ 1,793 2,177 1,324 566 406 _
1941..______ 364 1,555 1.686 1,012 568 _
1942 62 1,083 1,671 650 • _
1943________ 206 2,275 1,435 • • _
1944 _._____ 232 1,868 __ • • • ._. _

2d quarter:1937 ,,_, _. • • • • _
1938 . ._ --. • S65 110 731
1939. • .. __ ._____ 1,193 275 244 _
1940._. . _. . 3,068 386 609 178
1941 762 5,776 2,071 968 599 _. _
1942. "_ 275 2,010 2,904 1,120 . _
1943••... 426 1,1136 662 • .. .. __
1944,.______ 2,258 2,026 • _

3d qu•.rter:1938. • • • __ • . 424 67
1939. . • ._____ 3,323 488 282 57
1940. ._ 6,293 1,674 756 251 91
1941.. .______ 1,909 6,835 3,380 1,508 619 _
1942 .__ 976 2,511 2.078 1,186 _
1943._______ 5,551 834 1,211 •__ . _
1944 .___ 5,630 4,646 _

4tb quarter:1937. • ._____ 921 112 _
1938 .. • ._____ 1,164 475 342 235
1939. .______ 4,413 1,173 325 420 152
1940. .__ 4,800 2,205 735 1,224 440 107
1941..______ 387 1,577 1,7115 2,657 1,633 482 _
1942 14 838 1,569 1,032 616 _
1943._______ 34 3,003 1,097 776 • _
1944._______ 26 2,793 1,620 • •__ • .

Number of IIsh caugbt havlng-

1 2 3 4 6 6' 7+
annulus annuli annuli annuli annuli annuli annuli

Quarter and
Year class

Mortality and Apparent 'Abundance of Age Groups

The basic data for our third method of estimat
ing total mortality are to be found in tables 23
and 29, which show the percentage age composi
tion and the catch per day in numbers of fish of
the southern New England stock. These data,
when combined in table 34, provide estimates of
the catch per day in numbers of each age group
in each quarter from the fourth quarter of 1942
through 1947. From these data we shall select
the apparent abundance of homologous groups or
age classes in successive years, and this may be
done more easily if the data are reorganized to
show the abundance of each year class in each year
(tabl~35).

TABLE 34.-Catch per day in nttmbers of yellowtail, of each
age from the southern New England 8tock, 4th quarter of
1945 through 1947

[BlISlld on tables 23 and 291

Number of fish havlng-
AU

Year and quarter IIsb I

1 an· 2 an- 3 an· 4 an· 5 an- 6 an- 7+
nuIus nuli null null null null annuli

----------------------
Year 11142:

4th quarter •• ________ 387 4,800 4,413 1,164 921 534 194 12, 413
Year 1943:

1st quarter____ ._. ___ 364 1,793 1,5Il6 1,008 S04 476 11,742
2d quarter_____ •_____ 762 3,068 1,193 S65 368 134 6,0903d quarter_______ ._._

----it 1,909 6,293 3,323 424 3M 70 12, 3734th quarter_____ •____ 1,1177 2,mli 1,173 475 112 &6 5,612
Year 1944:18t quarter. _________ 62 1,S65 2, 177 1,244 311 436 -~_._- 6,7862d quarter___________ 2711 11,776 386 275 110 6,8213d quarter___________ 976 6,835 1,674 488 ---M2 69 10,0434th quarter__________ 34 838 1,7115 735 325 103 4,171
Year Il14li:18t quarter__ • _______ 206 1,~ 1,686 1,324 623 112ll ~._--- 11,3472d quarter___________

----76 2,010 2,071 609 244 731 6,0913d quarter_____ •_____ 11,661 2,611 8,380 756 282 67 12,613
4th quarter__________ 25 3,003 1,569 2,667 1,224 420 23li II, 133

Year 1946:1st quarter__________ 232 2, 2711 1,671 1,012 &66 260 ----.- 6,0072d quarter___________
·---ii 2,258 1,936 2,904 968 -.---- ...--- 8,0663d quarter___________ 5,630 834 2,078 1, li08 251 67 10,3694tb quarter__________ 40 2,793 1,097 1,032 1,633 440 162 7,187

Year 1947:Ist qUarter__________ 487 1,868 1,43Ii
6601 &66

406 -_.--- 6,4162d quarter___________ 827 2,025 662 1,120 599 178 5,4123d quarter___________
26 4,646 4,646 1,211 I, 186/ 619 99 1~3324th quarter__•_______ 2,049 1,620 776 616 482 107 ,650

I 811ght d18crepanc1es occur due to rounding off of tbe ligures. Ratio between age groups-

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

Geometrlcmean 1.214 .565 .470 .461 .719
Mean Instantaneons mortality

rate. L_. ._ .194 .671 754 .796 .380

Several anomalies occur in the apparent survival
data. The ratios greater than 1 between age
groups 2 and 3 are doubtless'due to increasing

2and3 3and4 4and5 6and6 6aud
7+

0.807 • _
.394 2.&66
.331 .386
.392 .876

0.746 0.461
.471 .454
.5lI6 .376
.575 .632

Quarter

1st. ._ 1. 024
3d_. . • .__ 3.157
3d .• . • ._ .___ 1. OM
4th • ._ .637

.. We computed the apparent surviVal to avoid· dl1BcultJes with
apparent minus mortalities resnltlng from changing avallablUty.

We have computed the apparent survival, 8,11
between age groups as an average of the several
yea,rs during which we observed the fishery by
summing the catch per day for each year class
-that appears ill each a,ge group, and then deter
mining the ratio between successive age groups
(table 36). For example, in the first quarter we
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availability, because, as was presented in table
30, the 3-year-old yellowtail comprised the largest
fraction of the landings. We suspect also that
the mean apparent survival ratio of 0.565 between
age-groups 3 and 4 may be a little high for the
same reason. At any rate, the survival rate seems
to level off at 0.470 between age-groups 4 and 5
and at 0.451 between age-groups 5 and 6. Beyond
age-group 6, the apparent survival ratio jumps
again to 0.719; but this is not a good estimate
because too few age determinations were used and
the age-groups 6 and older were combined in the
first quarter and age-groups 7 and older in the
other quarters.

The year-to-year survival rate has been obtained
by comparing the catch per day for age-groups
3 and older with the same group a year later
(table 37). For example, the comparison of
1943-44 in the first quarter was made from the
following formula:

0440 +0539 +0638
8

0340 +0489+0588 +0637

0340 are the 3-annuli fish of the 1940 year class;
0638 are the 6-annuli fish of the 1938 year class,
et cetera. Here we find a low survival rate from
1943 to 1944, a high value for the next year, and
a decline from 1945 to 1947. If we compare year
classes 1942 and 1943 for the fourth quarters only,
we find the survival rate is even lower than from
1943 to 1944.

it more available to the fishery and thus actually
suffered a higher mortality rate than the average
for the stock. Other factors which we believe had
only a small effect on the computing of survival
rates were the immediate tagging mortality, the
continuing loss of tags, and possibly the slightly
higher, continuing death rate of tagged fish. The
significance of the first factor will be more ob
vious after we examine the relation between fish
ing effort and total mortality.

W'e sought an estimate of natural mortality, q,
by modifying the method proposed by Silliman
(1943), who in effect considered the relation be
tween the total instantaneous mortality rate, i,
and fishing effort, I, and then extrapolated to zero
fishing to find the natural mortality. We have.
estimated t.he total instantaneous mortality rate, i,
for yellowtail 3 years and older (table 37), and
related it to the appropriate amount of fishing, I,
(table 24). For example, i computed for the
fourth quarter of 1942 to the fourth quarter of
1943, was compared with the amount of fishing
from the fourth quarter of 1942 through the
fourth quarter of 1943. For the succeeding aimual
averages, the co"rresponding fishing effort was con-

TABLE 38.-Relation 01 total mortality rate, i, to amount oj
fl8hing effort, X

[The total mortality rata, i, has been computed from the relative apparent
abundance of 3-year old and older fish In quarter N and the ~-year old
and older Dsh In quarter N+I. The fishing effort X has been computed
for varloWl periods as follows: XI-effort In quarter N. X, In quarters N
and N+IJ X, In quarters N, N+l. and N+2, X. In quarters N. N+l.
N+2, BOG N+31

Ratio between-

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

Geometrlcmean______________ .251 .283 .688 .550 .~IM

Mean Instantaneous mortality
rate, i.. .___________ 1.382 1.262 . 37~ .596 .705

Ist. • • • ._ 0.556 0. 5113 O. ~5Il O. W
211._._ ••• • .__ .14( .556 .683 .4(1
3d__ •••• •• • .______ .213 .~!M .557 .638
~th._,--------------------------- 0.251 . 37~ 1.375 .533 . ~55

x.X.x,Year and quart«

---------
IIM~3: ~th q118l'ter_____________ 1.38 1,616 3,M7 4,790 6,128
1lM3--4~:1st quarter __________________ .69 2.032 3.276 4,613 6,~1l32d quarter___________________ l.IM 1,243 2,681 3,421 6,2193d quarter _. ________________ 1.115 1,338 2,178 3,976 4,890

~th qUBrter_. ________________ .98 MO 2,638 3,562 ~, 2flO
1944-~5:1st quarter__________________ .62 1,798 2,712 3,420 3,927211. quarter __________________ .&8 91~ 1,622 2, 129 3,0593d quarter__ . ________________ .71 708 1,215 2, 1~5 2,~674th quarter__________________ -.32 1Kl7 1,437 1,759 2, ~65
1946-46:1st quarter__________________ .80 930 1,252 1.958 2.859211. quarter___________________ .38 322 1,028 1,929 2.M~3d quarter___ ._____ •_________ .58 706 1,607 2.622 2.M

~th q118l'ter. _________________ .63 901 1,916 2,288 2.950
194.6-47:1st quarter__________________ .77 1,015 1,387 2.0~9 3.369211. quarter_. _________________ .82 372 I,OM 2. 3M 3,3023d quarter _. ___ . _____________

.~5 662 1,982 2.1130 3,737
~th quarter__________________ .79 1,320 2,268 3.075 3,861

1945 11146
and and
11146 IM7

1M2 1M3 1944
and and and
1M3 1944. IM5

Q118I'ter

TABLE 37.-Mean apparent 8urllitJal between year8 01 yellow
tail in the 80uthern New England 8tock

(Computed from abundance Indexes of age groups 3 and older]

Survival rates computed from the abundance
indexes average substantially higher than rates
computed from the tagging returns in successive
years. This discrepancy may reSult from several
factors. The tagged yellowtail may have been
caught from a group whose migratory habits made

4.7699!i 0-59-4

CORRELATION COEFFICIENTS

r
I X,=0.87
i X,=0.~8
i X,=0.55
i X.=O.68

Regression:
i=-0.397+0.000312 X.
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-I '----7--~2-----:!3~-4~--!:5--6~--!:7-.--...J

THOUSANDS OF DAYS OF FISHING,l

FIGURE 22.-Relation of total instantaneous mortality
rate, i, and fishing effort, I, in the southern New Eng
land stock.

sidered to be from the third quarter of one· year
through the second quarter of the following year.13

When we assume a linear relation between fish
ing effort and mortality and compute the regl'es
sion (fig. 22), we find

i= -0.302+0.288 f
when f is the amount of fishing in thousands of
days.

By definition i=p+q and, of course, when
p=O, i=q, but q must be positive. Therefore, an
estimate of i= - 0.302 with no fishing cannot be
interpreted as q= -0.302. Since our estimate of -i
was based on abundance indexes computed from
the fishing effort of the fleet, we immediately sus
pected that the availability of the fish was not
constant. Not only was it not constant or even
random, but there must have been an average an
nual increase in availability of 0.302 + q, if we
are to accept the relation pf the apparent total
mortality to the amount of fishing.

Some additional evidence of increasing avail
ability may be found in the length composition
curve (fig. 7). Ricker (1948) ttild others havE.'
considered that the ascending laft limb and dome

" We also attempted to relate the annual mortallt~· rate for each
quarter to the fishing effort. The lllortlllit~·. i, wa~ coml'uted
from the relative apparent abundance of '3-year-old and older
fish In lIuarter N and of the 4-~'ear-old and older fish In quarter
N +4. Various combinations of fishing effort (table 38), were
tried to find the best correlation with mortalit~·. and thp most
satisfactor~' combination was found to be quarters N through
N +4 (r=0.68). The correlation between mortality and effort
In quarter N was onl~' 0.37, wbicb Is not statlstlcall)" significant.
Tile best regression was t= -0.379+0.312/, with / expressed In
thousands of da~·s.

of age-frequency curves represent groups of fish
not fully twailable to the fishery. This applies
equally well t.o length-frequency curves when the
rate of growth in length is uniform (as it very
nearly is in yellowtail in the catch). If we accept
this interpretation, theil' clearly the males less
than 33 cm. long were not fully available nor were
the females less than 39 cm., although this is less
clear due to the spread-out curve. If we assume
that changing availabilty is a function of length
rather than age, we observe that among males
most 2-year-olds, about half of the 3-year-olds, and
some 4-year-olds, were below the 33-cm. point of
inflection (age and length-frequency data in ap
pendix table D-2, p. 254). Even older females
wel'e below the 39-cm. size, as weH as most 2- and
3-year-olds, about half of the 4-year-olds, and some
5- and 6-year-olds. Such evidence suggests that
there was increasing availability to a large extent
among 2- to 4-yeltr-olds, the most abundant age
groups in the fishery, and to some extent among
most of the other age groups.

Not only is there evidence of increasing ava.il
abilit.y with age, but also of erratic changes in
availability due to other causes. Sllch is indicated
by the iIICl'eases in catch per day of certain year
classes at advanced ages (table 35). The 1940 year
class (age 5, fourth quart.er) and the 1943 year
class (age 4, third quarter) are examples. The
great. variability in the rate of decline of the year
classes and the erratic changes in the seasonal
catch (p. 197) suggest. that. changes in availability
are common occurrences.

There is also evidence of increasing availability
\vit.h time, because 2-year-old yellowtail appar
ently became more available to t.he fishery during
the period of study. 'We have previously noted
that. the 1941 year class was probably an especially
good one, and this is borne out by the data. in
table 35 which show that this year class usually
was t.he inost abundant among the fish ,vith 3 or
more annuli, from the second quarter t.hrough the
fourth. 'Ve notice, however, that it W3,s not es
pecinlly available as 2-year-olds, for in none
of the quarters did it make any particularly
large contribution. On the other hand, t.he 1943
and 1944 year classes were especially abundant as
2-year-olds during the third and fourth quarters
(t.able 35), but the 1943 year dass was scarce
among the older nge classes in subsequent years.
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The 1944: year class was abundant as 3-year-olds
but probably not later, bee-ause the total yield of
the fishery continued to decline.

'With this problem of e-hnnging availability, we
cannot fix the total anlHUlI mortality rate or even
estimate the proportions due to fishing and
natural causes. 'Ve can state that among fish on
the grounds e-ompletely available to the fishery the
total annual fishing rate is very high as indicated
by the average 111, of 0.86, which was computed
from early tag retm;ns. Also it is certain that the
total animal mortality rate of the wholE'! stock was
considerably less during the period of study as a
result of not being fully available.

REPRODUCTION

Early in the YE'!llowtail investigation we col
lected material from the commercial fishery at
New Bedford, Mass., to provide information on
the breeding ha,bits of the yellowtail. Data were
obtained on the a.ge and length at maturity and on
the spawning season of the yellowtail landed from
the southern New England stock. Attempts to
collee-t information on the juveniles were unsuc
cessful;14 however, we llre able to present data on
yellowtail eggs and larvae which resulted from the
extensive plankton work undertaken by O. E. Sette
in his study of the eggs and larvae of the mackerel.

Age and Length at Maturity

At the peak of the spawning season in May 1943,
288 yellowtail were· obtained at random from the
commercial landings at New Bedford, measured,
sex and condition of the gonads determined, and
scale snmples obtained. At this time it was simple
to classify the individuals according to stage of.
maturity and, in mature femoles, whether ripe or
spent (table 39).

Determinatioil of the age of these fish revealed
that most individuals of both sexes mature dur
ing their second and third years, although a larger
pe.rcentage. of the. males mature at a younge.r age
and smaller size. Of the feniales aged, 52 per
cent were mature at 2 years, 67 percent at 3 years,
and 100 percent at 4 years and older. Of the
males, 84 percent were mature at. 2 years, 92 per-

:u Fifty-six tows with a l¥.!-inch mesh ..brlmp trawl. at times
lined with ll4 -In~h mesh in the cod en'-.• were made Inside the
20-fathom contour bptween Nantuckpt and Long Island at \'al"lous
tlmps from Jul)' to October in 1943. 1945. and 1946. No juvenile
or larval yellowtail were taken. (Data ou file at the Woods Hole
laborator)' of the U. S. Fish and Wlld'!fe Service.)

cent at 3 years, and 100 percent at 4 years and
older.

1£ we extend the results of this sample to obtain
ltIl estimate of the proportion of immature in
dividuals in the catch during the spa\vning sea
sons in the period during which we have studied
tllis fishery, we must assume that the proportion
of immature fish found in May 1943 is represent
ative of that obtained in other years. This seems
a likely assumption inasmuch as we have already
pointed out that only very slight changes in
growth rate and in length composition were noted
during the period of study, 1942 to 1947. There
fore, if we apply our percentages of maturity to
the summarized age composition for the second
quarters of the years 1942 to 1947 (appendix table
D-2, p. 254), we estimate t.hat during the. see-ond
quarters 94 percent of the males and 84 percent
of the females in the landings would be mature.
The same percentab"6s would apply to the land
ings during the spawning season, since (as will
be shown in the next section) almost all of the
spawning occurs during the second quarter.

The Sttme data provide us with an estimate of
length of t.he yellowtail at maturit.y, but since the
majority of the males mature before they appear
in the c.onunercial cat.eh, it is not possible to relate
mat.urity to lengt.h with any precision. For our
purpose it is adequate to know that the)nales do
mature before entering the c.ommercialcatch and
mostly before they attain the length of 26 em.
Females, however, mature after reaching com
merial size and our sample appears adequate for
det.ermining the size at which they mat.ure. The
most reliable estimates can be obtained by aSSUlll

ing that the data fonn a sigmoid curve and by
transforming the dat.a to the probability integral
or ·'probit." 15

A line fitted t.o the transformed data resulted
in the formula y= -0.2176+0.1631w in which y
equals the est.imated probit and w equals the
length in centimeters. The' estimated probit was
then transformed back to a percent.age to find the
points for the sigmoid c.urve in figure. 23, and to
provide the est.imates that 50 percent of the female
yellowtail in the landings were mat.ure at a length
of 31.98 cm. and 90 percent were mature at 40.17
cm. 'Ve. may further compute the variance of the

,. A discussion of the use of probits for this purpose wlII be
foumlln appendix F. p. 266.
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TABLE 39.-Nmnber of mature and -immature yellowtail, by length, sex, and age, from the southern New England stock
May 1943 •

[1 = immBture; M = mature]

Stage or maturity or remales with- Stage- or maturity or males with-

Length of fish 1
annulns

2
BDnuli

3
annuli

4+
annuli

Tlltal 1
annulus

2
annuli

3
annuli

4+
annuli

Total

1 M 1 M 1\1 1 M 1 M

4
2

----2- ------ .----- ------ ------
3 ----j- ----i- :::::: ::::::
5 5 8 • _
9 4 7 _
3 2 7 ._
2 5 4 1
1 6 8 2
2 1 5 ~~_ 2

6 ._____ 4
6 • __ .__ 5
3 ._____ 11
3 ._____ 7

9
5
2

26.5 em .• 2
27.5 em • . __ ------ .----- 2

4
-_-_-_-_-_.-. -_·_·_-.i_-_ :_:_:_:_:_:_ :_:_:_:_:_:. :_:_:_:_:_:_28 em. • • __ •__

29 ern .___ 1 2
30 em • .___ 6
31 em ._._________ 2
32 ern. ._ 3
S3 em • ._ 3
34 em ._ •. ._____ 1
35 em____________________ 1
36 em__._••_. . _
37 em.• . __ - • • _

50-perce.nt point 'ltS 82 =0.946. From this it. fol
lows that the standard error 8 = 0.973 and the 95
percent fiducial limits are 30.03 lind 33.93 cm.

Spawning Season

Only scattered informat.ion on the sl~wning
season of yellowtail has been ava.ilable. Bigelow
and 'Welsh (1925: p. 499) observed that spawning
commences' near Gloucester, Mass., by the middle
of March a.nd se.eminglY lasts all summer. They
also found young larvae off Sandy Hook, N. J.,
on August 1, 1913. Perlmutter (1939) found
pelagic la.rvae. off Long Island, N. y~, in the vidn
ity of Montauk Point, Jones Inlet, ·and Fire
Island Inlet, between May 16 and June 17, 1938;
and between June 8 and June 17 he found bottom
living postlarval stages near Moriches Inlet,
Jones Inlet, and Fire Island Inlet. The larvae
observed off New York 'and New Jersey belonged
to the southern New England stock of yellowtail
flounder, but they were considerably' removed
from the location of the fishery during the spawn
ing season, which was c-e.ntered off No Mans Land
and Bloek Island during our study.

During the spring of 1943 the catdl from these
areas, ,vhich was being landed at New Bedford,
was sampled periodically and the lllunber of each
sex and the st.age of maturity of the females re-

i ------ ------ ------ -- 1 ------ ----~- ------ ------ ------ 1_ . 1 1 1 1
4 _. . ._____ I I
3 ;; .. 1 2 1 2

g 4 :::::: :::::: :::::: ~ ~ .---.- ------ ----.- 5
8 13 2 7 9 ._c ------ ----2- ~~
7 ~~ ._ 1 1 4 -.---- ----2- 1 7

! Ii :::::: :::::: :::::: ----~. ~ ~ :::::: ~ ~ Ig
1 9 ------ ------ ------ -·--i· ------ ~ -.. --- 4 ------ 11
4 11 :::::: :::::: :::::: __ ._._ :::::: :::--- 2 ------ 5
1 11 ..• .____ 1 1 ------ ~

!j ~:::~~ :~ ~~~~ ~~::~~ ~:~ ~~::~~:: ~ ::::i: ::m: ~:~~i~ ::~::: :::::i
4 ::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

corded (table 40). All fema.Ies were dissected
and the ovaries were easily classified into the
three cat.egories of immature, mature, and spent.
The inside of the immature ovary appears reddish
and somewhat gelatinous to the unassisted eye,
whereas the. developing ova cause the mature
ovary to hllve a granular appeara.nce several
months before spawning. After the fish spawns,
the ovarian contents are watery for several weeks,
usuall;y include some unspawned eggs, and often
exhibit blood clots. Table 40 records the date on
which the vessel landed; the fish were captured 1
to 4 days earlier. This lag could introduce error
if the ripe fish have the spawn squeezed out of
them by pI'essure in the fish hold and so be classi
fied as spent. However observations indicated
that pressure affected only a small proportion of
the fish and no correction in the date was
warranted.

Estimates of the peak and duration of the
spawning period were obtained by transforming
the data to probits (calculations are given in ap
pendix F, p. 266), and by fitting a line as indicated
in figure 24 which resulted in the formula
y=8.281 +0.04348;/', in whkh y equals the esti
mated probit and x equals the day of the year less
100. From this formula the. following points were
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20

LENGTH - CENTIMETERS

I Included some unusually small samples.

heaviest spawning was from May 4 to June 4 dur
ing which 50 percent of the females became spent.

Distribution of ~gs and Larvae

Beeause the yellowtail shares with the mackerel
the habit of spring spawning in the area between
Cape Cod and Chesapellke Bay as well as the
feature of pelagic eggs and htrvne, we benefited
from the mackerel investigations conducted by
O. E. Sette (1943). The field work, from 1925
through 193~, included quantitative surve.ys of the
distribution of mackerel eggs and lnrvae, and on
these eruises large quantities of yellowtail eggs
and larvae were taken in the plankton nets. Sette
recalls that year afte.r year t.he yellowtail seemed
to be one of the most abundant. spring spawners
in the area. Quantitative data on yellowtail eggs
and lnrvae from two eruises in April and May
1929 and on larvae only from a series of cruises in
1932 are availnble for nnalysis. In both years, a
series of stations was established along section
lines aeross the Continent.al Shelf. The lines were
named after the nearest land feature and the stn
Hons were conseeutively numbered seaward on
eaeh line from I (fig. 25).

0111' task was eased by several reports that have
a:ppeared. The 1932 survey, the only one t.o cover
adequately the range and spawning peri<xl of the
maekerel (Sett.e 1943), ineluded est.imates of the
mortalit.y rates of the maekerel eggs and lnrvae
and of the total number ·of eggs spawned. Other
finclings hnve boon ineluded in report.s on the eyele
of temperlllture by Bigelow (1933), the salinity by
Bigelow and Seal'S (1935), 'Rnd a volumetric. study
of the zooplankt,on by Bigelow und Sears (1939).
A detailed aecount of methods used in the Hl32
survey is given in Sette (1943) and t.he complete
tempernt-ure and snliility observat.ions for all
years are reported by Bigelow (1933).

From our knowledge of the yellowtail spawn
ing sea.son, it a.ppears that. the period. of the
mackerel surveys, May 2 t,o July 24,1932, eovered
the major part of the yellowt.nil spawning season
(p. 217). Ninety percent of the yellowtail spawn
ing off New Bedford in 1943 oceurred between
April 12 and .June 26, but. eggs hlwe been taken
from mid-Marell t.o September in various plnces
(see p. 216). 'We would expect spawning to oc.cur
a little earlier in the warmer wat.ers off New Jer
sey and a lit.t.Ie. Inter in the colder wate1'S of the
Gulf of Maine, north of Calpe Cod.

o ""'2:':0---'3O--10'----20-'----....I
3O
--.L.

9
---I.19----J

29
'------l

-APRII.:,.....-.+----MAV----l--JUNE --+JULV

20

100 .......,---.---.----,-----.--r---,---;r----,

60

40

TABLE 40.-Percentage of spent fema.le yellowtail sampled
from the southern New England stock during the 1943
spawning season

o L.,..oo.,J2gl:--~3O:--~31-..I:32"'-33::1=--34..1-""3:L5-36.l--3~7----::381:-.,J39~..J4O,..-.J

FIGURE 23.-Relation of length to percent mat.ure of
female yellowtail.
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FIGURE 24.-Relation of date to percent spent in female
yellowtail from the southern New England stock in
1943.

I Number Spent Numbe.r Spe.nt
Date vessel of mature---- Date vessel of mature

landed females landed females
examined NUIIl- Per- examined Num- P"r-

her cent bl:t.r cent
----- -------

Apr.20_____ 60 6 10.0 June 23_____

II
~1 89.1

Apr. 20 _____ 62 3 4.8 June 28_____ ~9 98.0
Apr. 20_____ 72 7 9.7 June 29_____ 62. 98.4
Apr. 20_____ 50 9 18.0 July 4___ • __ 50 100.0
Apr. 27. ____ 57 11 19.3 July 22_____ 41 100.11
Apr. 27_____ 66 14 21.2 July 23. ____ 25 25 100.0
May 4, 6' __ 43 7 16.3 July 26•• ___ 33 33 100.0
May 7______ 54 13 2~.1 July 27 __ •__ 69 69 100.0
May 17_____ 27 12 44.4 July 29_____ 53 53 100.0
May 18_____ 41 23 56.1 July 29•• ___ 50 50 100.0
June 3, 7, 8'_ 21 15 71. 4 July 30. ____ 45 45 100.0
June 9______ 34 23 67.6 -------June 16_____ 45 41 91.1 TotaL __ 1,157 702 ---_. -

developed: (1) Ninety pereent of the yellowtail
spawned between April 12 and June 26; (2) the
peak of spawning (the point of greater slope on a
sigmoid eurve) and the day on whieh half of the
yellowtail spawned was Mny 20; (3) the period of
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FIGURE 25.--Location of stations occupied during the 1929 and 1932 cruises.
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Interpretation of t.he survey data 'Would be
easier if 'We had more infol'mwtion on the dura
tion of the egg l\lld larval stages. Bigelow and
'Welsh (1925) report th3lt luttching takespluce in
5 days at a temperlttureof 10° ,to 11° C. They
judge further, from t.he sta:ge of development,
that the larvae descend to the ocean bottom when
14 mm. long, although Perlmutter (1939) re
ported that postlttrvRe caught in the.bottom trawl
ranged up to 12.6 mm. in length. This does not
agree with Bigelow and 'Velsh's observation of 88
pelagie larvae 6.5 to 10 mm. long eaught in It tow
net off Sandy Hook on August 1, 1913. We con
clude from these facts that the yellowtail nmy go
to the bottom at lengths less than 12 nun., or even
more than 19 nUll., depending on eondit.ions, but
we remain ignorant of the duration of the larval
period.

Horizontal dist1'ib1bt-ion of eggs anI] ht1'Vne in
19:B9.-Theplankton hauls during 1929 were-made
with nets, either 1 meter or % meter in diameter,
towed horizontally nt various levels at. ttn average
speed of 1.2 knots. The forepart of the nets had
29 to 38 meshes per lineltr inch, the rear part 48
to 54 meshes. For purposes of this paper, the

hauls have been reduced to a standard basis of
gO-minute tows with I-meter nets.

During the April and May 1929 cruises, eggs
and larvae. of the yellowtail flounder were the
dominant vertebrate. form in the plankton (tables
41. n.nd 42). The number of eggs taken l'anged up
to 37,000 at 'one station in April and to 79,000
in It tow in May. The eggs were taken on the
April 12 to 24 cruise from the offing of Currituck,
Va., to the northensternmost stations off Block
Island (fig. 26), but there ,vas an impressive cen
ter of distribution off the coasts of northern New
Jersey a.nd Long Island. During the May 10 to
18 cruise, the southern limits of distribution of
the eggs had moved about 150 miles to the north
east and a similar though less extensive movement
was apparent in the prineipal eenter of the distri
bution, although a seeondary center remained off
Atlantic City. Distribution of the larvae eOlTe
sponded closely to that of the eggs in both the
April and May cruises though, of course, the num
bers of larvae were markedly smaller.

The southern nnd offshore limits of the distl'i
bution of eggs in the April cruise agree well with
the positioll of'the 7°-C. isotherm at both surface

TABJ.E 41.--Numbers oj yellowtail eggs and larl'ae taken on the April 12-24 cru.ise in 19:29

rW~illhted to basis of 2O-rninute tow with I·meter net]

o
I)

o
I
o
o

Station V

o . . _
o

o _
o
o

o
o
o

o
o
o
o
o

o
o
o

Station IV

o. . .. . ------ .. __ ------------
o ~ .. --.------ __ . . .. ------------
o 173 0 0 0 . ---------- ------------
O' 280 0 0 0 ---------- ------------

I 400 0 . .. ---------- ------------
o 140 3 • ---------- -------.----

7
26

16
40

I Station I Station II Station III

Locality and depth of tow I
____________~~~~ _ F:~Il~__ Larva~ _ Eglls ~~ Eggs I Larvae Eggs Larvae

MOl~E~i:;:~:::::::::::::::::::::::::I ~~~ ~_ __ 490 0 0 0 10 0 0 g
shln~:~~rk:------------------------------I 2,000 3 ----iOii- ----------0- --------0- ----------3- --------0- ----------0· --------0- 0

\\~:(la~::::::::::::::::--::------------::-------- 81',300801.1 31'8
9 1243 0 ---------- ------------ ---------- ----------- .. ---------- ------------o , .. . _

New York:
Surfacc_________________________ 10,200 440 31,500 11 180 0
Intermediate . . _
Deep._. ••• ._ 5,000 170 5,400 210 34 0

A tlantle City:

caJgi~~~~~:::::::::::::::::::::::::----~~:- --------~- ---~~~:- ----------~- -.--~~:- ----------~-
Surface_______________________________ 0 0 1,359 0 1,170 0
Deep. . __ ._____ 0 0 70 3 30 0

Fenwick:Surface . _
Deep _._. .______ 3

Wlnwrquarrer:Surface . _
Deep _

Hog Island:Surfacc . . _
Deep .. _

Chesapeake:
Surfacc ._ 0 0 11 0 273 0 0 0 ---- .. _
~termediatc-----·--------------.------ ._ 0 0 -- _

Curri::.~~k:------------------------------- 0 0 90 0 100 0 2 0 ---------- ------------
Surfacc.______________________________ 50 0 48 I . .__ . ------------
Deep .. ._____ 0 0 21 0 ------ ------------

Bodie Island:
Surface.. .______ 0 . • •• - • __ ------.-.---
Deep_________________________________ 0 . • •• •. •__ ----.-------
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FIGURE 26.-Horizontal distribution of eggs and larvae, and surface and bottom tempel'atures during the 1929 eruisE"S of
April 12 to 24 and May 10 to 18. The egg and larval contoul' lines l'epre8ent the lll11nbers caught per standard tow
of 20 minutes by a 1-metel' net.
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TABLE 42.-Numbers of yellowta-il eggs and larvae taken on the 1IIa!l10-18 cruise in 192.9
. '

[Weightcd to ba.-is of :!II-minute tow with I-meter net]

221

Btatlon I Station 1.'1. Station II Station IIA Station III· Station IlIA Station IV

500 .. • • .. • __ • • _

48

Looality and depth o( tow

____________.___ E~g51~~_Eggs I,arvcr - EggS_I~::~~ Eggs II,ar~~ - Eg~_ Lar,,~ -EggS II,amlc Eggs_ ~arva:

Ma~~~~;~c~!~~~:~~~:_________________ 3,500 I 0 -------. -.------ 7,000 0 -------- -------- 0 0 --------1 .. ------ -------- -.------Deep. . . 1,600 0 . ~.______ 900 2 .. _ I I ,, • _
Montank Point:

ShiPn:~~~~:::::::::::::::::::::::::1 ~::J 1~ I:::::::: :::::::: l.OtJ8 2 :::::::: :::::::: ~ g :::::::: ::::::: I~ g
Sur(a~ 11,000 15 • 2,UOO 24 _. • • .. • _
Deep . 3,11110 65 .______ 350 25 .. • ,, . _Fire Island:Sur(ace 76,000
Deep . . 2,800

New York:Burlare__________________________ 2,000 1 24,000 2 32,000 7 .______ 157 0 .___ 2 0
Deep____________________________ 2,400 95 • ._ 2, iOU 35 .______ 20 0 . __ .. 0 0

Barnegat: Bur(nee____________________ 3UU 1 __ . • • • • • • _
Seaglrt:Sur(acc . __ .. 8 1'>5 . • ._. _. • _

Atla~~~~S~~~·: .. 0 0 • I,OUO 6 15,000 0 1,0(1(1 0 100 0 3 0

capDsp.uK,~raa~.c:_._--_-_-_-_-_-_-__--_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_ r, 0 -------- -.------ 1,000 23 -------- 12 0 .______ 0 0
, 8 0 8 1 2.400 0 i 0 . 11 0

Fen~ijk~;;:::;::;::;;;;::;::;:;:;: i ::::::~- ;;;;;:;; ;;;:;;;; ::::~~a:::::~: ;;;;;;;; :~::::::!::::::~: ::::::~: :-::;;;: ;;;;;;;; ::::::~: :::::::~
wlnJ~~?~~:t~~·: .. 01---·---- (I -.------ 01-·------1--------1-------- 31_· -.. ----- --------1- .... --- --------Deep ._______________ 0 . .______ 4 ."._____ 0 :. __

and bottom (fig. 26). (In these shoal waters at
this time of year the upper 50 meters or so are
nenrly isothermal.) The lowest temperature re
c.orded in ltny of the stntions where eggs were
taken was 4.8° C. at the bottom off :Montauk
Point. Evidently spawning hud been proceeding
prior to this April cruise when temperature con
ditions of 5° to 7° C. prevailed..

R-ecalling Bigelow's observation that hatching
occurred in about 5 days at 10° C., we may deduce
that hatching would require between 5 and 10 days
at these lower temperatures of 5° to 7° C. Since
larvae were found on April 18 that were several
days old, it is apparent that spawning must have
started in this a-rea in early April at the latest.
Size of the larvae during the April and :May
eruises (tables 43 and 44) pl'ovides a clue, how
ever, that hat.ehing had not long preceded the
April c.ruise. During t.his c.ruise, the larvae
ranged from 2 to 6 mm. in length, the bulk of them
being about 3.5 mm. These larvae were smaller
tha-n those e.ncountered during the :May cruise,
when the larvae rltnged from 3 to 11 mm. in
length, and were mostly 4 to 6 mm.

The close agreeme.nt in dist.ribution of eggs and
larvae suggests that hatching was completed and
thot the la-rvae had assumed their bottom-dwelling
existence before much of the horizontal drift oc
curred. If t.his were not so we would expect a dis-

plaeement il~ the eenters and boundaries of the
egg lUld l:trval distributions. Assuming t.hat
hatehing was eomplet"ed and the larvae had de.
scended to the. bottom, we muy then note that the
southernmost eontingent of eggs and larvae off
Virginia and Dehtware disappeared from the sur
face waters by the time the temperature had risen
above 11" C. Presumably, the eggs found in this
a·rea on April 17 to 19 had hat.ched and the la.rvu.e
had descended to the bottom by :May 14 t.o 16,
when these southern stations were revisited.

At. a stat.ion off Fire Island where yellowtail
larva.e wel:e particula.rly abundant on :May 17 and
18, 1929, a special series of tows was made to de
termine vert.ic-al distribution of the larvae (t.able
45) . It nuiy readily be seen that a.t all times the
greatest number was located near the lO-met.er
level, but eonsiderable numbers were taken during
the night at the surface a.nd at t.he 5-meter le.vel.
R-elatively few were taken at any time at the 20
ltnd 35-meter levels. This suggests some diurnal
dispersion upward from the lO-meter level. Con
siderable differences a-re also apparent in the num
ber of htrvae t.aken duriilg the night. hauls-nearly
twice as ma-ny la-rvae being obtained in' the mid
night series as were taken in the noon series,
whereas morning and evening series were inter
mediate. Since there is no evidence that. larvae
retreated to levels below the net, it appears likely
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TABI,E 43.-Yl'llowtailla.rvae taken April 12-24,1929

(Roman numerals indicatc thc localities l!!t'c tlg. 25); numbcrs in parcntheses
indicate stations ~stabllshed during the mack~rcl studies, 1925-32 (see
Sett~ 1!l43))

TABLE 45.-l'ertical distribution of yellowtat:l larvae (off
Fire Island) at staUon A 20498, May 17-18, 192.9

Station and depth of tow Numb~r Length
of lan'ae lmm.)

Depth of tow

Estimated Jlumber of larvae takcn in
tows made-

Morning Noon Evening Mid·
night

Esti·
mared
total

TABLE 44.-Yellowtaillarvae taken May 10-18,1929

Roman numeral. iudlcat~ the localities (sec fig. 25): numbers in parentheses
indicate stations established during the mackerel studies 1925-32 (see
eette 1!l43)]

4,694

561
677

3.254
153
49

430
521
700
34
12

1,697979798

130 0 I
58 0 98

914 764 876
81 34 437 • ._._

1,220

FlO?'izontal dist-ribulio-n of lal"l.'ae ·in 193f&.-Sev
eral factors prevented obt.ltining as complete in
formation on the yellowtail during the cruises of
the mackerel investigations in 1932 as in 1929. Be
t.ween the 1929 and 1932 cruises, much was learned
about the distl:ibution of t.he mackerel eggs and
larnte and better met.hods of quantitatively sam
pling t.hem were developed. Some stations at the
southern end of the series where mackerel eggs
and larvae had not been taken in 1929 were
dropped, and the 1932 cruises were delayed until
May 1 so as to cover the mackerel spawning sea
son more effect.ively. The method of t.owing was
changed from horizontal t.o oblique, and the use
of two nets, one at a lower level and the other at
the upper level, was int.roduced. Compensat.ion
was made for variations in the amount of water
strained by the addition of f1owmet.ers to the nets
which made it possible to ('.onvert tile catch to the
st.andard basis of numbers of larvlte or eggs per
17.07 cubic meters of water strained per meter of
depth fished. Finally, with the emphasis on
mackerel, the large numbers of yellowtail eggs
taken could not be ('ounted; consequently, we have
available counts only of the larvae taken on the
1932 cruises. These were divided into two sizes:
large, those more than 5 mm. in length; and small,
those from about 2.5 to 5 mm. Details of the
methods of towing and counting may be found
in Sette (1943). Complete counts of yellowtltil
larvae are given in appendix E, page 256.

The small larvlle were found in considerable
numbers on every cruise (fig. 27). On cruise 1
(May 2 to 6) the center of their distribution was
from southern New Jersey to Virginia, but this
changed abruptly during the following week, and
on cruise ~ (May 9 to 16) two principal centers of
distribution were found-off southern Massachu
setts and off northern New .Tersey. These centers

TotaL ._

Surfaee _
5 meters _
10 meters •__ ._._
20 metcrs _
35 meters _

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

6 5-6
7 4-7
I 8.0

9 4-8,
mostl~·
6.

13 3-8.
mostly
6.

65 4-6.
mostly
5.

I 4.0

I 4.0
32 3·6
3 5.0

15 4-7,
mostly
4.

71 4-6,
mostly
5.

3.5-5.5
3-4
3-9

I 6.0
2 5 and 8
I 6.0

16 4-6
25andll

3.5
5.0
6.0

39 3.5
6 3..~

60 3.5
13 2.5-4.0

11 4.0
19 3.5

3 3.0
14 2-3
I 4.0

4.0
4.0
4.0

Numh~r Length
of larme (mm.)

Station and dellth of tow

Deep " •••• _

Deep .• • • _

Barnegat: Station I (20472): Surface •.• _
Atlantic City: Station II (204741:Surface . . •• _

D~--------- . .. _. _
Cape ay: Station IA (20482): Surface • • __

Statiou II (204651:Surface •• ._. . _._ __ 4
Deep • • ._ __ 8

Firc Island Statloul (20498) __ • • •• _. _
Now York:

Statlou I (20470):Surface • •_. • • _
0ecp . . . _

Station IA (20469): Surface ._._. • __
Statiou II (20468):

Surface •_•. • •••. _

Seaglrt: Station 1(20471): Surface._. • _

No Mans Land:
Station I (20457): Deep • • _
St.ation II (20458): Deep • • __ ._
Station III l2(459): D~ep ._. •__

Montauk Point:Station I (20463): Deep •• • .
St.-ltion II (21)462): Deep • ._. _

Shinueeock:
Station I (20464):Surface • •• • •__

that some of the larvae were esc.aping the net dur
ing the dn.ylight hours. This is borne out in thllJ.
the larvae n.vernged slightly larger (4.3 mm.) dur
ing the midnight tows thlln during the morning
(3.6 mm.), noon (3.9), or evening (3.8) tows.

Montauk Point:
Station I (20451\):SUI·face . __ ._. • _

Deep • , _. . _
Station III (20454): Deep • _

ShInnecock:
Station I 120(48):Surfacc_. . _

Deep • • ._
New York:

Station I l2(447):Surface • • ._
Deep • •• , ., . __

Station II (20446):Surface • •• __ • _
Deep. •__ • ., •__

Atlantic City:
Station I (20439):Surface_. ._. . _

Deep ._. •
Cape May: Station II (20438): DcCl'- _
Hog Island:

Station 1(20424): Surface _
Stat.ion II (20432): Deep • • _

Currituck: Station II l2(428): Surface ._
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FIGURE 2i.-Horizontal distribution of smtlll yellowtail larvae during cruises In 1932. Contour lines represent the
nmubel's taken in li.Oi cubic meters of water.
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FIGURE 28.-Horizontal distribution of large yellowtail larvae during cruises in 1932. Contour liues represent the
numbers taken in 17.07 cubic meters of water.
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appear to have been augmented and spread out on
cruise 3 (Mn.y 19 to 23), 11 pattern thnt continued
to cruises 5 (June 1 to 5) and 6 (.June 5 to ·S).
Beginning on cruise. 6 and more· notice.able on
cruise 7 (June 15 to 19) is the reduction ill the
numbers of larvae found off New .Tersey and Long
Island as eompare.d with t.hose. found off southern
Massachuset.ts.

The distribution of the large larvne (fig. 28)
was in most. respects similar to that of the small,
the principal differences being smaller numbers
and the lesser variation in t.he catches of the large
larvtte. It. is as though the peaks occurring in
the distribut.ion of the smaller larvae had had the
opportunit.y to disperse some.what.

The movement of one of the· centers of distribu
tion of t.he yellowt.ail is consistent with previous
estimates of drift and, incident.ally, provides an
estimate of the duration of the sma11 larval stage.
In his study of the mackerel, Sette (1943) was
able to identify and follow for tt conf';idemble
period certltin l;eaks in the freqnency dist~'ibutions
of mackerel larvae, which he jnd~d were pro
duced by .homologous groups that resulted from
fluctuations in spawning. The movement durin""e
its passive phase of one of the most prominent of
these groups, which he called the 8 group, was
consistent with the wind movement. First ·found
off Delaware Bay, t.his group moved about. 60
miles sout.h between cruises 1 and ~1 The. change
in dist.ribution of the small yellowtail larvae from
that not.ed on eruise 1 and the nort.hward move
ment of the sout.hern center of large larvae ob
served on cruise 2 are in agreement. with Sette's
observations of the mackereL This drift, couple(']
with the absence of small !lwvne at most of the sta
tions where the southern center of large larvne
was found on cruise 2, suggests further that the
small yellowtail larvae progressed to the "large"
shtge in the 5 or 6 days intervening between the
visits t.o the pertinent stat.ions on cruises 1 and 2.
If this we.re so, probably the. groups of small
larvae found on the later cruises had hatched from
successive spawnings.
. Further evidence. of drift is suggested by the
fact that the center of small larvae that persisted
off Mnrtha's Vineyard and/or Block Island from
eruise 2 through cruise 7 was not followed by any
spedal concentration of large larvae at these loca
tions. 'Ve would expect a westerly or southwest
erly drift to result from the prevailing coastal

current~a conclusion strengthened also by Sette's
diseovery of a southwesterly drift of the nort.hern
center of larval mackerel off New .Jersey during
cruises 1 to 3. Since no special concentration of
large larvae was found within a reasonable dis
tanee to the westward on cruise 3, these small
larvae. must luwe drifted north or east. beyond the
limits of the survey.

Further analysis of the. drift of these groups of
larvae appears fruitless beeause the yellowtail
larvae were obviously more widely distributed
than the mackerel which t.he cruises were designed
to eover. In none of the eruises was the eastern
limit of the yellowtail larvae. ineluded, and eruises
4, 6, and 9 (fig. 28) obviously did not. cover the
southwestern limits of their distribut.ion. Fur
t.hermore, there was a. considemble seaward spread
of the large larvae, for on cruises 4 and 6 large
la.rvae were fouml at. every st.at.ion that. went to
the edge of the Cont.inental Shelf.

The depth distribution of yellowtail larvae
found on the station off Fire Island in 1!)~9 (table
45) was evidently not. always t.ypical of the dis
tributions in 193~. No data from a· simihtr spe
cial station are available for 193~, but at all of
the deeper stations two levels were sllmpled by·
oblique tows. These were designed to sample·t.he
zone above the thermoe1ine separately. from the
zone below. At this time t.he. thermoeline was
usually about 20 meters down. On the average,
more !tuvae were taken ttbove the thermocline
(appendix tahle E-3, p. 265), but at some stations
a.II of the larvae were found below it. (e. g., sta
tions II and III off Atlantic Cit.y) , and there
were numerous illstanees of wide vert.ical dis
tribution. No apparent relation existed between
this distribution of t.he larvae and any £netors of
loeation, temperature, or time.

Temperat.ure relationships found on these
eruises (figs. 29 and 30) show the expected vernal
,varming wit.h variations due to weather. The sur
face temperatures give evidence of a gradual sea
sonal increase interrupt.ed by an invasion of eold
water from the northeast at the time of eruise 2.
This was compensated for by It spurt in t.he warm
ing between eruises 4 and 5 followed by a gradual
increase. in water temperature through eruise 7.
'Ve note that the larvae were found in numbers
when surface temperatures were as low as 8° C.
on cruise 2 and as high as 20° C. on eruise 7.
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FIGURE 29.-Surface isotherms, 1932. (Temperature in degrees Centigrade.)
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FIGURE 30.-Near-bottom isothel'ms, 1932. (Temperature in degrees Centigrade.)



228 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

The near-bottom temperatures, which may
fairly well reflect the conditions actually pertain
ing during the spawning, were nearly all consider
ably lower than the surface temperatures. Near
bottom temperatures ranged from 4.9 0 C. off
Martha's Vineyard on cruise 1 to about 12.30 C.
on cruise 4 at the southern center of dist.ribution
of small larvae. Doubtles!": sp:l\vning preceded
these observations of temperatl'!'e by some days,
and therefore, at both ends of this range should
perhaps be somewhat lower.

These temperntures give some evidene.e of con
siderable environmental changes. An invasion of
warm water along the edge of the Continental
Shelf south of Martha's Vineyard and Long
Island occurred on cruise 1 and was strong enough
to raise bottom temperntures to 10.90 C. at the
edge of the shelf while the surface temperature
wa·s only 6.8 0

, The warming was immediately
countered by cold water whic~h persisted until
after cruise 6 when at Martha's Vineyard st.ation
III the bottom temperature inerensed from 6.1 0 to
80 C. between cruises 6 and 7.

Such fluctuating temperature conditions prob
ably oecur most frequently along the edge of the
Continental Shelf with the 'tllterna.ting invasion
and retreat of the wnrm slope wllters. The areas
of gross temperature ehanges llre not. known to in
c1ud~ the 15- t.o 35-fathom depth zone, whieh is
probably inhabited by the spa.wning yellowtail,
but Ketchum et a1. (1951) found that the distri
bution of sea water diluted with river water in
the New York bight varied grea.tIy and could be
altered suddenly by a storm. Such fluctuations in
temperature must be a hazard to the larvae be
eause of the accompanying movement of the
wate.r. The surveys.show clearly·that. the larvae
a·re dist.ributed widely over the shelf and that
when they descend to the bottom of the ocean they
may encounter radicaJly different bottom condi
tions and water temperatures. If yellowtail fry
are as delicnte as most fish fry, rather small differ
ences in the.ir environment may be fattll Changes
in temperature might even be catastrophie, as in
the widespread destruction of the tilefish, which
occurred along the edge of the Continental Shelf
south of Block Island in March 1882 (Collins
1884). This occurrence is believed to ha~e been
eause(l by 'an inva.sion of eold water in an aren
normally warmed by the slope water during
winter.

FAUNAL CHANGES ON THE
YELLOWTAIL GROUNDS

In our studies of the fisheries in the New Eng
land arell, we have found two examples of signifi
eant production of other species on yellowtnil
grounds. The first of these oecurred when the
htndings of haddoek from Nantueket Shoals rose
to nearly 13 million pounds in 1928 and subse
quently declined (table 46). These are the land
ings credited to the three principal ports in New
England ill the annual volumes of Fishery Indus
tries in the United States, published by the Bu
re.au of Fisheries and subsequently the Fish a.nd
Wildlife Serviee. Most of the haddod\: a.ppar
entIy came from almost exaetly the depth range
and loeat-ion subsequently to become a major yel
10wta.iI producing area. Rounsefell (1948, fig. 6)
plotted the areas fished by medium 'and large
otter trawlers seeking haddock from 1928 to 1937.
These plots show that the catehes credited to the
Nantucket Shoals are-Ii were eentered at about
latitude 40 0 40' N., longitude 69 0 40' 'V., in 'a depth
:)f about ~5 fathoms, although the spread of the
lishing was from approximately 15 to 35
fnthoms, with some tendency town.rd fishing
shoaler waters from February through May.
During most of our studies, the part of this area,
between 15 and 25 fathoms in depth. was the sec
ond most important yellowtail produc.ing ground
(fig. 2), with production ranging from ~2 million
pounds in 1942 to a lit.tle over 5 million pounds in
1949.

TABLE 46.-Landings of haddock and flounders at principal
New England porls from the Na.ntltcket Shoals, Lightship
Grounds, and No li-{a.ns Land areas, 1925-49

[In thousands of pounds)

Ports and year Had· All Ports and year Had· I All
of landing I <lock f1oun· of landing I dock f1oun·

ders deI'S

Boston, Olouces· 1938•••• _______ 2,204 772
tel'. and Port· 1939_ ••• __ • ____ 1,834 2,245
land: 1940_._. _______ 764 4,295

1925••• ________ 6,488 No 1941.._________ 489 2,501
data. 1942_ •• ________ S57 3,160

1926. __________ 9,987 Do. Boston, Olouoos·
1927_. _________ 6.246 Do. tel', POl't.Iand,
1928_________ •• 12,808 2,060 and New Bed·
1929•• _________ 4,083 1,000 ford:
1930_._________ 4,890 495 1943_._________ 299 21,571
1931.._________ 2,969 609 1944___________ 1,728 13,869
1932_. _________ 1,650 203 1945___________ 2,259 15,361
1933•• _________ 360 114 1946___________ 2,609 18,6011
1934_. _________ 151 21 1947_ •• ________ 3.639 21,589
193b. __________ 116 19 1948_ •• ________ I, i75 17,9\16
1936_.___ •_____ 171 225 1949••• ________ 890 12,355
1937_ •• ________ 900 1,090

I For source see appendix A, p. 237.
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'Ve think that few flounders were· landed from
the Nantucket Shoals. area in the late twenties
because the fish were scarce and not just because
it was the practice in the fleet to discard them. In
the first place, la.rge quantities of both haddock
and ye.Ilowtail have never been caught on the same
grounds at the same time in other parts of the
New England Banks. Secondly, had the abun
dance of yellowtail in the twenties equalled that
found on those grounds in 1942 when production"
by a small trawler reached neaJ:ly 20,000 pounds
a day, it would have created so much work in sort
ing that fishermen not wanting the yellowtail
would have moved to other a.reas. On the other
hand, the subsequent failure of these grounds to
produce haddock no doubt was due to a lack of
haddock and not to a failure to fish for them.
Haddock has been a much sought-"after species on
the New England Bltnks, and when vessels began
to fish the grounds for yellowtail after 1940 it is
certain that aJlY significant haddock concentra
tions would have been discovered a.lid fished, had
they existed.

Coincident with the fishery for haddock on the
grounds nea·r Nant.ucket Shoals was the occur
rence of yellowtail farther west off the coast of
New Jersey. The presence of adults there during
the spawning season is indicated by the capture of
eggs and larvae in 1929 and 1932, as discussed in
the preceding section. These eggs and larvae
could not have been found consistently off the
New Jersey coast if the spawners had been off
southern Massachusetts, as they were after 1942..
The residual drift of the waters on the shelf is
slowly westward, but as Set,te (1943) al)d Ketch
um et al. (1951) have found, the surface water
is drifted primarily by the wind. The wind di
rection is variable, but. during May it is usually
southwesterly (Sette 1943, p. 205), though it was
northeast in 1932. Furt.hermore, the rate of drift
was found by both "investigators to be in the order
of 10 miles a day or less. Since hatching occurs
in 10 days or less and the. "small" htrval stage
lasts only about 10 days, the spawning adults evi
dently were not far from the places where the
eggs and larva.e were found.

During the course of his mackerel investiga
tions, 1925-32, Sette gained the impression that
the yellowtltil was consistently one of the principal
spring spawners in the area. In 1932, the only

4769950-59-5

year for which comparative data are available,
the mackerel larvae were 1.97 times as numerous
as yellowtail la.rvae in the tows of the first six
cruises (Sette l!)-iS, table 19; OUl' appendix table
E-l, p. 256). The yellowtail was the second m.ost
abundant species in the tows; consequently, the
number of adults must have been large. The pop
ulation of maekerel in InS2 was estimated at be
tween 45,000,000 and 400,000,000 by Sette. 'Ve
llIay surmise tlmt yellowtail have similar fecun
dity, if we balance the slightly greater size of
the egg of the mackerel against the slightly
smaller size of the yellowtail. If so, the popula
tion of yellowtail was in the order of at least some
tens of millions. Too, the limited migratory
habits of the species indicate that it must have been
a resident popnlation, not a coastwise migrant like
the mackerel.

Why such an abundant fish was liot well known
before 19:35 is not clear, but we have mentioned
that yellowtail were not. marketed in those earlier
yeal's, they rarely occur within 10 miles of shore,
llnd they are not easily caught by hooks; so it
seellls entirely possible that they were present but
were not fished. On the other'lland, any such con
centration of yellowtail as was found after 1942
would have been fished, for enough small otter
tmwlers operated off the New Jersey coast to have
found the fish if they had been there.

The second radical faunal change on the yellow
tail grounds occl1l~red aft,er the decline in the
southern New England stock. "With yellowtail
especially scarce in 1949 llnd wit.h an expanding
milrket for fish meal, the fishermen turned to
"trash" fish, which they sold to the reduction
plants. They saved everything they caught in
t.heir nets, but the principal species taken were red
hakA (Ul'ophyai.$ ChU8.~), eelpout (Zoa.1·ces a:nguil
lm'i-s), and several spec.ies of skates of Ole genus
Rajet (Sayles 1951). The princ.ipal fishing ground
at the start of this fishery in 1949 was in from 10
to 20 fathoms of water south of t.he eastern end of
Martha's Vineyard, and a secondary center was
located about 15 miles southeast of this point.
Both of these grounds hlld previously produced
substanthtl quantities of yellowtail (fig. 2), and
yet very few yellowtail were included in the c.atch
of the t.rash fishery. After 1949, this fishery
spread over more of the yellowtail grounds, fish
el'lnen reported.
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EFFECTS OF THE FISHERY ON
YELLOWTAIL STOCKS, 1942-49

the older fish from the southern New EIigland
stock must have been less favorable, but why ~

Perhnps the answers to these quest.ions may be
learned from a study of changing climatic condi
tions. Certainly here a.re problems deserving of
more study.

Such changes in the habit.at of a few species of
fish must be evidence of fundamental environ
ment.al changes. In seeking an explanation for
the change in habitat, we note that the known
geographical range of bot.h the haddock and the
yellowtail extends only a little sout.h of the south
ern New England grounds, but much farther
north. Bigelow and Schroeder (1953) report that
haddock have been found from the deep water off
Cape Hatteras north to t.he west coast of Green- How has the fishery a.ffected the yellowtail
land and t.he yeUowtail from Chesapeake Bay to flounder stocks ~ Although the exact effect is not
the Labrador side of the Strait.s of Belle Isle. We known, as a result. of our studies from 1942 to 1949
note, too, a retreat of the haddock from tile we can provide a working hypothesis~

grounds west. of Nantucket Shoals northeasterly to Unquest.ionably, the fishery on the southern
Georges Bank in the early thirties, and a subse- New England stock suffered a disastrous decline
quent retreat of the yellowta-il from off the New in landings and cateh per unit of effort from 1942
Jersey coast. in the twent.ies to off southern New to 1949. This decline was accompanied by the
England in the early forties, and then to Georges near disappearance of fishable schools of yellow-
Bank about 1949 (table 6). Perhaps these re- tail from t.he usual fishing grounds on the Conti-
treats have oceurred because of the warming of nental Shelf between New Jersey and Nantucket
the area (Conover 1951). Shoals. Furthermore, extensive trawling to a

Some additional e.vidence from our study of the depth of 200 fathoms by the Alb(~t'ro88 III in 1949
yellowtaU flounder populations supports the con- revealed no concent.rations of .yellowtail outside
cept of a retreat. towa.rd the northeast. We have the regular fishing grounds. These. declining
already noted that the summer fishery weakened landings were accompanied by a high total mortnl-
after 1944 and by 1949 was the smallest of all tile ity rate. On the other hand, there were none of
fisheries, whereas it had been the hU'gest in 194~L --"tl~e symptoms of heavy fishing, such as a declining
and 1943 (p. 172). Our tagging operations in 1942 a~En'age size., an increasing proportion of young
and 1943 off Long Island showed that the sum- fish in the cat.ch, or an inereasing growth rate due
mer fishery off No Mans Land ineluded fish t.hat to the thinning of the stock.
moved west in winter and Mst in summer (p. 180). This contradictory evidence cannot be fully ex-
Perhaps it is significant that the fishery on this plained with the limited dnta from so short. a
population was the first to fnil. Perhaps, too, it period of st.udy. To it mll,y be added t.he evidence
is signifieant that old fish (5 yelll'S and older) of a heterogeneous stock composed of an unknown
were a smaller fract.ion of the landings (table 29) number of semi-independent populations; a mys-
during the third quarter than during most other terious absence of fish less than a year old and of
quarters even just after the pe.ak yea-rs.. Were yearlings from the fishing grounds; and an ap-
these fish migrating from the west subJect to parent northensterly shift of the prin·c.ipal yellow-
greater environmental pressure than 0 the r tail populat.i-qn from off t.he New Jersey coast. to
groups~ off southern New England, where the big fishery

We also ask why the southern New England yel- occurred from 1941 tl) 1948, and then to Georges
lowtail grew so much more slowly than Nova Bank.
Scotian yellowtail (Scott. 1954) exce.pt. during The most striking finding from our study of t.he
their second and third years of life. Is this evi- yellowt.ail fishery has been the changing ava-ila-
dence of greater environmental pressure on the bility, which appears, direct.ly, in fluctuations in
very young fish and those 4 years and older 1- abundance of the fish during the year and in the
Why was the life span of t.he southe.rn New Eng- abundance of year classes at different ages, and,
land yellowt.a.il so much shorter than thnt of Nova indirect.ly, in the minus value of the average ap-
Scotian fish, and why did they attain a smaller parent natural mortality. It is evidence either
maximum size ~ Obviously, living conditions for that fishing pressure was not uniform on t.he south-
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ern New England st.ock or t.hat· the populations of
yellowtail were not. uniformly dist.ribut.ed. That
bot.h conditions exist is indicated by the irregular
tag ret.urns from certa.in releases and by the differ
ences in size, age, and sex composit.ion at different.
times in different statistical subareas (figs. 9 and
20, and appendix C) .16 These phenomena prevent
the conventional determination of the effect of
fishing on the stock because we ca.nnot satisfy the
assumpt.ion that the fishing is uniform on all part.s
of the stock.

The changes in availabilit.y also prevent any
clear determinat.ion of the recruitment resulting
from spawning. The ·assumption tillit larger re
cruitment result.s from larger spawning stocks is
being chn.llenged for many spades as data become
available. Likewise, we doubt t.hat large popu
lations of spawning yellowtail produce more
young, because we have evidence t.hat. only one
slightly dominant year class (1941) was produced
during the years of large spawning populations
(1939 to 194:2, and perhaps earlier). Probably,
nat.ural conditions greatly ILffect t.he survival of
the young, because t.he collect.ions of eggs and
larvae indicate that the young drift widely in
their pelagic stages at which time they must be
vulnerable to changing weather conditions, espe
cia.lly winds that may blow t.hem far from suitable
bottom.

Obvi~usly, a great population of yellowtail ac
cumulated through unknown but favorable cir
cumstances and was ready for the fishery, which
sought it increasingly after 1938. The fish were
centered on a rather restricted kind of coarse red
sand bot.tom and extended from there beyond the
scope of the fishery. We postulate that as the
fishery removed them from the favorite grounds
scattered groups or individuals moved in to be
caught and to make way for others. The new
groups of yellowtail became available as others
were caught at an estimated annual rate of 35
percent (the approximate annual equivalent of
nn instantaneous rate of +0.30)· over and above
any naturnl mortality. This process continued

I. Note especially In appendix C. p. 239, the usually, but not
always. greater size in subarea 0 ('ompared with Q and S. the
great preponderance of 86 per('ent females (of small size) during
the third quarter 1943 lu subarea Q. and the reversal of the size
of females In the large samples from subareas 0 and Q in the
fourth quarter of 1945 and the first quarter of H146. The females
averaged 38.81 ('m. in length in Q and 37.07 In 0 at first, and
then 37.46 In Q and 38.83 In O.

until 1949, when· there were no other yellowtail
to move in and parts of even their favorite
grounds were used by other species. 'Why the
stock, both on and beyond the fishing grounds,
was not replenished by young as the adults were
removed is unknown. It appears that the fishery
used up the accumulated stock during years when
few young survived. Further, the unchanging
growth rate indicates that the removals by the
fishery did not leave better living conditions for
the remaining fish.

MANAGEMENT OF THE YELLOWTAIL
FLOUNDER

We believe it is probable, although it cannot
be proved, t.hat. t.he major chn,nges in the yenow
t.ail flounder fishery were not caused by overfishing
alt.hough t.hat ma.y· have hastened its decline.
Many of the documented facts about the yellow
t.ail populations are not. in accord with theoretical
changes caused by heavy fishing nor, with the
limit.ed dat.a available, can we develop a theory
t.hat will, with a rellsonable probability, associate
fishing with the decline. Therefore, we have no
answers to t.he fundamental questions of what
sizes and numbers of fish can be expected from
a given fishing effort or what. measures would re
sult in the greatest. desired return fr0111 the fishery.

A negative approach to the question of pro
tective measures is warranted because. only a few
practical measures. have been devised to conserve
an ocean fishery of this kind. These measures are
all restrictive and should be adopted when they
probnbly will increase the catch or, as Graham
(1951) has suggested, fix the fishing level,
met.hods, or seasons, and give the fishermen peace.
Restriction for either of t.hese reasons must be
considered in conjUllC-tion wit.h all of the fishing
in the area, not merely for the yellowtail, which
after 1945 amounted to less than half of the land
ings from the sout.hern New England Banks. We
lllwe little knowledge of these other fisheries, but.
with what is availa.ble on t.hem and t.he yellow
tll,il we can eliminate most. of the measures usually
employed from further considerat.ion.

A closed season on yellowtail appears to offer
no help except that which might ac.crue from re
dUdion of the total catch (to be discussed later).
The period usually conside.red for closure is ilie
spawning season and with the ye.llowtail this has
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been the season of poorest fishing, The fish have
been consistently more available during the third
quarter of the year, and while a closed season at
that time would cause a greater reduction in the
total catch it offers no obvious advantage in
growth of the fish which might result. in a greater
cateh after the period of restraint.

A minimum size limit may offer some small
theoretieal advantages, but we suspeet that the
praetieal difficulties in its application will over
balanee any advantages. 'Ve camlOt caleulate the
effect of a minimum size limit 011 yellowtail stocks
beeause we do not know the natural mortality and
therefore, cmmot use the method develope.d by
Rieker (1945). In prineiple, however, if natural
mortality is low and growth rate high, it is de
sirable to save the fish to a larger size before. eap
ture because they will grow more than the group
will lose through death. The reverse is also true:
if natural mortality is high and growth rate low,
the fish should he harvested as early as practicable.
By the time the yellowtail enter the fishery, they
have passed through the period of maximum
growth in their seeond summN' (1 annulus).
When they are fully available at 3 years of age
or older, the growth rate has slowed down mark
edly; therefore, we doubt whet.her even with a
very moderate natural mortality, there would be
a signifieant advantage from setting a size limit.

A second consideration that freque.ntly enters
into the establishment of a size limit is protection
of the fish until they have had an opport.lmity
to spawn. The southe.rn New England yellowta.il
spawns at such an early age that during the period
of. our study only a negligible portion of the
landings were immature; consequently, we· could
not advoeate a size limit (\n this basis.

A serious limitation on the eft'ectiveness of a
size limit would ensue from the use of the otter
trawl in the fishery eombined with the certainty
tha.t virtually all sma.}l yellowtail, after being
landed on deck and sorted in the usual manner,
would die before or shortly after their return to
the water. Consequently, an effective minimum
size limit would have to be aeeompanied by a
minimum mesh size, whieh would be most diffieult
to apply in a fishing fleet that see.ks numerous
other species of varying body shapes and minimal
acceptable sizes along with the yellowtail.

There may, however, be a need to prohibit the
landing of fish smaller than are acceptahle for
filleting. Such a need arises from the develop
ment of the trash fishery on and neal' the former
yellowtail grounds and the possible inclusion of
yellowtail among the fish destined to be reduced
to fish meal. After commencement of the trash
fishery, there were scattered reports of yellowt.ail
being included. in the cateh, but evident:ly the pro
portion was small, for in the samples from trash
fish catches (Snow 1950) no significant quantities
of yellowta.il were included. If, however, an un
usually successful spawning of yellowtail oceurs,
large quantities of young below filleting size may
be attractive to the trash-fish boats. Such yellow
tail would be in the.ir most rapid period of growth
and it might be more economieal to allow them
to remain in the sea to become available as food
fish later. A prohihition against la.nding small
fish should be effeetive, because the trawlers usu
ally can a.void concentrations of such fish.

The closure of certain fishing areas has some
times been recommended to protec.t spawning fish,
young fish, or fish especially vulnerable to an effi
eient geal'. Such a measure offers no solution in
the yellowtail because only one kind of gear, the
otter trawl, has ever caught significant quantities
of them, the fish have been scarcer during their
spawning season than at other times, and we ha.ve
found no well-defined spawning or nursery area.

A restriction of the total catch might well have
saved some of the fish and prolonged the fishery
during and after the period of our study if our
hypothesis of a large accumulated stock being
gradually eaught is correct. On the other hand,
such a restriction might have meant a lowering
of the total catch because the fish saved would have
suffered some natural mort.a-lity tha.t might or
might not have been compensated by growth.
Even a. loss might ha.ve been desirable if it evened
out the landings over a longer period, Advocacy
of the measure for t.his reason requires studies be
yond the scope of this report.

CONCLUSIONS

If, as appeal'S probable, the abundance of the
yellowt.ail is determined largely by natural c.auses
beyond our control, no de.finite size or kind of
c.atch can be expeeted from a given fishing effort,
No action is necessary to prevent extinction of the
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species; tht'l high cost of fishing them will ease the
pressure in time to save a spawning nucleus. The
grea~est catch !rom the yellowtail stocks may be
obtamed by fishing them when available without
restriction other than the imwita.ble economic. ones,
which are necessa.rily greater in a highly fluctuat
ing fishery.

Such erratic catches as characterize the yt'lllow
tail fishery cause serious economic consequences
among short-range vessels of the kind prevalent
in the southern New England fishery. If the
fluctuations in yellowtail catch cannot be
smoothed out, the ea.rnings of the fishermen would
be better muintnined by turning to other species
some of which replaced the yellowtail when it de
clined. Finding uses and markets for these
species should be helpful.

Not much is known about the yellowtail nnd
the fact.ors influencing the size of the. stocks. One
of the most troublesome features of our study has
been the lack of knowledge of t.he yellowtail pop
ulations not being taken by the fishery. The study
of these apparently numerous populations an(1
subpopulations which do not fully intermingle
can be accomplished only by thorough sampling
of the commerciallnndU1b'15 and of the fish in other
areas of the sea by a research vessel. Such a study
should also include proper consideration of the
relation of the yellowtail to its environment and
to other species in the area-vertebrate and in
vertebrate, competing and noncompeting, preda
tor and prey. Other aspects of its life history
need to be investigated. We know little of its food
habits or fecundity, the requirements and habits
of the lnrvae and juveniles, or of other factors
which may limit t.he size of the stock

Adequate answei·s to these questions will re
quire considerable effort; however, a satisfactory
guardianship of the st.ocks can probably be main
tailled ,,·ith a limited study t.o determine trends
in total catch, abundance, and size composition Of
the fishery, supplemented by a watchfulness for
evidence of any significant waste of young fish
either through discard at sea or reduction to fish
meal. Such a study will not lead to a full under
standing of the causes of fluctuations in the fish
ery, but it can be maintained at a cost commen
surat.e with the value of the fishery and will pro
vide invaluable data for any future, more elab
orate investigation that may become desirable.

SUMMARY

An intensive study of the yellowtail flounder
(Lhnanda. fe1'1"1lginea) was undertaken in 1942
and continued through 1947, with additional data
on landings and catch per unit of effort collected
through 1951.

Following the. decline in the populations of the
winter flounder-mainstay of the otter-trawler
fleet in southern New England-in the mid
thirties, the abundant yellowtail proved a suitable
su?stitute. The total 'United States landings oT
tIllS flounder rose from 23 million pounds in 1938
to 70 million in 1942, then declined to about 30
mi~lion pounds annually from 1944 through 1949.
PrICe changes were not the cause of the declining
catch.

Between 1942 and 1949, a total of 2 597 yellow-, .
tail was tagged and released at 14 points along
the New England coast, covering all the major
United States fishing grounds. TI~rough Decem
ber 1952, a total of 377 tags, or 14.5 percent, had
been recovered. The recoveries indicated that the
yellowtail OCCUI' in relatively localized populations
and that they make short, seasonal migrations.
The majority of the recaptures were within 50
miles of the release points and the most distant
reCltpture wus only 170 miles from the release
point. Almost all the fish were recaptured in
depths between 15 and 35 fathoms.

The mingling of the tagged yellowtail and the
fishing concentrations indicated the existence of
five more or less distinct stocks:

1. A complex southern New England stock be
twee.n Nantucket Shoals and Long Island, part of
which may have begun to move to Georges Bank
in the sUll11uer of 1947.

2. Georges Bank stock on the shoal part s of
the Bank.

3. Cape Cod stock from east of Cape Cod north
to the vicinity of Cape Ann.

4. A northern Gulf of Maine stock along the
coast of Maine.

5. One or more Nova Scotian stocks which are
fished incidentally by United States boats seeking
other species.

The bulk of yellowtail production in the United
States has come from the southern New England
stock, hence any fluctuations in its il1uubers are a
cause for concern. Because of the great impor
tance of the southern New England stock to
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United States fishermen, this study was largely
limited to an investigation of that stock amI fol
lowing comments apply to it.

1. Landings from the southern New England
stock declined from 63 million pounds in 1942 to
10 million ponnds in 1949. During ·this same
period, landings from Georges Bank stock in
creased from 2 million pounds to 16 million.

2. Between 1943 and 1947 a total of 37,075 fish
were select.ed randomly from the landings and
measured and their sex recorded. Females were
twice as numerous in the catch as males. The
mean length of both sexes was 35.69 cm., wit.h
males averaging 33.34 em. and females 37.21 em.
There was no trend toward smaller fish in the
landings between 1942 und 1947; however, later
reports show t.hat such a trend developed after
1951.

3. The length-weight. relation, by sex and quar
ter, was determined for 1,113 yellowtail taken
from the landings during 1943. Regression
formulas were used to estimat.e the ,""eight of each
sex at the mean length of 35.869 cm., and the fe
males were consistently the heavier-this differ
ence between the sexes probably being even
greater at. onset of ~pawning in early April. Dif
ferences in the length-weight relation among the
quarters also were consideruble, and yellowtail of
average lengt.h of both sexes were heaviest in the
first quarter of 1943 and lightest in the third.

4. Data collected by quarters on the catch by
area and time fished from about 30 percent of the
landings re.vealed that the catch per day was
greatest during the third qUa.l'ter of the year. De
spite this seasonal fluct.uat.ion, the change in ap
parent relative abundance as reflected in the cateh
per unit of effort approximately paralleled the
downward trend in the catch during the years
1942 through 1949.

5. Growth data were dl:'veloped from the rut
tained length at time of capture of 9,204 yellow
tail for which the ages were determined from
scales. The females attained n greater length
than the males of the same age, being 4.5 percent
longer than the males at age 2 and up to 9.1 per
cent longer at age' 5. The mean lengths of both
sexes for comparable quarters revealed no upward
or downward' trend in length and only a slight
change in growth rate from 1942 to 1947. Scale
readings indiented an unusual rat.e of -growth in

the young yellowtail. The first year's growth ap
pears to be only from 3 to 5 cm., whereas during
the second year the juvenile atta:ins a length of
nearly 30 em.

6. There 'Was no trend toward a greater propor
tion of young fish in t.he catch between 1942 and
1947. The average age composition of yellowtail
in the l:tndings, in numbers of fish, was 1.3 per
cent 1-yea.r-olds, 28.1 percent 2-year-olds, 35.5
percent 3-year-olds, 19.3 percent. 4-year-olds, 9.6
percent 5-year-olds, 5.1 percent 6-year-olds, and
1.0 percent 7-year-olds and older.

7. The estimat~d total mortalit)' rat~ among
yellowtail completel)' available to the fishery was
86 per('~nt a year.

8. Study of the age and length at maturity of
288 fish taken at random from the landings at the
peak of the spawning season in May 1943 reve.aled
that. most. )'elloW'tail of both sexes mature during
t.he.ir second or thh'd year of life. Of the females
aged, 52 percent. were mat.ure at. 2 years and 100
percent at 4 years or more.; of t.he males, 84 per
cent. were mat.ure at 2 years and 100 percent at 4
years or older. Most males mature before enter
ing the fishery and most.ly before they attain 26
cm., while 50 percent of t.he. females in the land
ings were mature at. 31.98 cm. and 90 percent at
40.17 cm. The catch during the spawning·se.ason
in 19:1:3 included only 6 percent immature males
and 16 percent immature ·females.

9. Examination of t.he ovaries of 1,157 females
sampled periodically from the landings in the
spring of 1943 revealed that 90 percent of the fish
spawned hetween April 12 and June 26, and that.
the peak of spawning was May 20. The period
of heaviest spawning was from May 4 to June 4
during which 50 'percent of the females became
spent.

10. We. were. unable to collect either eggs or
larvae of t.he yellowtail during our investigations,
but Sette (1943) recorded considerable data rela
t.ive to these stages during his mackere.l investiga
tions in 1929 and 1932. During those earlier
surveys, eggs and larvae of the southern New
England yellowtail were found to be abundant
over most of the Continental Shelf off New York,
New .Jerse)', and Delaware-much farther south
west than the center of the fishery during the
spawning seasons from 1942 to 1949.
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11. Marked faunal changes have occurred on
t.he yellowt.ail grounds. The area sout.heast. of No
Mans Land at one t.ime produc.e.d large quant.it.ies
of haddock, lat.er yellowt.ail,and st.illiater "t.rash"
fish. These changes in fish populations may be
associated wit.h fundament.al ecologic changes,
possibly a wltrming of the climate.

12. The exact. effect of the fishery on yellowt.ail
stocks is not. known, but our st.udies indic-ate that
as the fishery removed the yellowt.ail from their
favored bott.om new populations moved in, becom
ing available to the fishery at IUl estimated 35
percent. a year, in addit.ion to any lUtturalmort.a]
ity. Unreplenished by young, t.he accumulated
stocks were used up by the fishery until there were
no ot.her yellowtail to move in. There is evidence
that no significantly greater recruitment was pro
duced by larger spawning populations, as but one
slightly dominant. year class resulted during the
years of large spawning popuhttions from 1938
to 1942.

13. We do not believe that the great decline in
the cat.ch of the southern New England stock was
caused by ca:tching too many yellowtail, too small
yellowtail, or spawning yellowtail. There was no
evidence of a significant. wast.e of small fish dur
ing t.he period of this study. Therefore, no re-

o strictive legislastion appears needed unless t.here is
a radical change in the conduct. of the fisheries.
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APPENDIX

A. SOURCES OF DATA ON LANDINGS OF YELLOWTAIL, 1940-49

The following documents 1 supplied the infor- Provincetown, Mass.-Cont.inued

matioll on the production of yellowtail flOWlder 1943 (Aug. l-HH9. Monthly landings from records
by ports. of the Massachusetts Department of Conserva

tion, Division of Marine Fisheries.
All ports!

1938. Fishery Industries of the United States, 1939.
Administrative Report No. 41: total production
for the year, pp. 279-336; also from original rec
ords by ports and counties.

1939. Fishery Statistics of the United States, 1939.
Statistical Digest No.1: total production for the
yeal', pp. 44-89; also from original records by
ports and counties.

Portland, Maine, Boston and Gloucester, Mass.

. 1940-1945. Landings at Certain New England Ports,
in Statistical Bulletin and Current Fishery Sta
tistics series: all data by stntistical subarea.

1946-1949. New England Landings,in Current Fish
ery Statistics series: all data by statistical sub
area.

New Bedford, Mass.

1940. Monthly hmdings copied from dealers' records.
1941. Monthly Illndings COmlJiled from daily reports

telellhoned to Boston Fishery Mlu'ket News Serv
ice b~' the port agent of the Atlantic Fisher
men's Union.

1942. Landings of Fisher~' Products at New Bedford,
Mass.. in Current Fil'lhery Statistics No. 108:
landings by months.

1943 (Jan.-JUlU'l. Monthly landings by statistical
subarea comiJiled from dealers' records and daily
interviews.

1943 i Jul~') -Hl45. Landings by Fishing Craft at New
Bedfm'd, Muss., i·I/o Current Fishery Statistics
series: all data b~' month and stntistical subal'ea.

1946-1949. New England Landings, fli Current Fish
ery Statistics series: monthl~' landings by sta
tistical suba rea.

Provincetown, Mass.

1940-1943 (July). Monthly landings compiled from
daily reports to Boston Fishery Mnrket News
Service.

1 Unless othl'rwlse specified, all publications are those of the
Unltl'd' States Dl'partment of the Intl'rior, Fish and Wildlife Serv
Icl'. Washington 25, D. C.

• Althongh certain data on thl' landings of Yl'lIowtall f1onnder'
arl' available for thl' )'l'l1rS before 1940, thl'Y llre Compill'l] b~' the
horne port of the \"l'ssel Instead of the I)Ort In which the trips
Wl'rl' landed. Thus. the data arl' not comparabll' with those of
the later 3'ears. Furthermore, bl'forl' 1938 all spl'cll's of f10nndcrs
Wl'rl' consolidated in the statistics.

Woods Hole, Mass.

1940-1943 (Jul~·). Monthly landings compiled from
dnil~' reports to Boston Fishery Market News
Service.

1943 (Aug.) -1949. l\}onthl)' landings copied from
records of the Massachusetts Department of
Oonser,ration, DivisIon of Marine Fisheries.

Chatham, Mass.

1943 (Aug.)-1949. Monthly landings copied from
records of the Massachusetts Department of Con
servation, Division of Mal",ine Fisheries: land·
ings before 1942 lllla,'ailable and yellowtail
landings considered negligible.S

Plymouth, Mass.

HI·H IOct.)-1949. Monthly landings compiled from
dealel's' records: londings before this date con
sidel'ed negligible.S

Nantucket, Mass.

1944-1949. Monthly londings compiled from dealers'
records: lundings before 1944 considered neg
ligible.s

Rhode Island.

1940. Fishery Statistics of the United States, 1941.
Statistical Digest No.7. Total production for
the year.

1941. Monthly landings compiled from daily ship
ments into New York City as reponed by the
New York Fishery Market News Service..

1942. Current Fishel'y Statistics No. 164. Total
production for the year. Proportion by month
estimated from dnily reports of New York Fish
ery Market News Service.

1943-1949. Monthly landings compiled. from daily
reports of the NEe'w York Fishery Mnrket News
Sel'vice. The totnl production reported for 1942
was 3.5(}'5 times the daily shipments to New
York City. This factor was used to estimate the
total landings for 1943 to 1949. Earlier years
were not adjusted because processing focilities
were not built until 1943.

3 Dh"l'rslon of landings to smaller ports comml'nced after prlc..
controls were applicd in 1943.
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Connecticut.
1940-1941. Twenty-fourth Biennial Report of the

ConneL'ticut State Board of Fisheries and Game,
State of Connecticut, Public Document No. 19.
Landings by months.

1942. New England Fisheries, in Current Fishery
Statistics No. 164. Total production for the
year. Proportion by month estimated from
daily shipments into New York City.

1943-1949. Monthly landings compiled from daily
shipments into New 'York City as reported by
the New York Fishery Market News Servit-e.
The total landings for 1942 were 1.9 times the
daily shipments into New York City. This fac
tor was used to estimate the total landings for
1943-:19. Earlier ~'ears were not adjusted be
cause processing facilities were not built until
1943.

New York City, N. Y.
1940-1944. Landings by Fishing Craft at New York

City. in CUl'rent Fishery StlltiStiCS No. 193.
Landings by months.

New York City, N. Y.-Continued

1945. Landings by Fishing Craft at New York City,
in. Current ~'ishery Statistics No. 269. Landings
b~' months.

1946-1949. Landings compiled by months from
fishing craft weighouts as reported by the New
York Fishery Market News Service.

Long Island, N. Y.

1940-1949. Total monthly shipments into New York
City, us reported by the New York Fishery Mar
ket News Service; assumed to represent the en
tire landings.

New Jersey.

1940-1949. Monthly landings compiled from daily
shipments into New York City, as reported by
the New York Fishery Market News Service; as-
sumed to represent the entire landings. •

B. METHODS OF ESTIMATING CATCH BY STATISTICAL SUBAREA

Portland, Maine, Gloucester and Boston, Mass., 1938 to
1949, and New Bedford, Mass., October 1942 to 1949.

Data were collected daily from representatives
of almost all vessels by t.he U. S. Fish and Wild
life Service and mostly published in the Service's
Current Fishery Statistics series. After October
1942, more than 60 percent of the total yellowtail
landings were included in the statistics.

New Bedford, Mass., January-September 1942.

Landings were assigned to statistical ·subareas
according to information compiled from log-book
records that had been kept by several of the cap
tains fishing out of the port.

Chatham, Mass.

The fishing fleet consisted of 30 or more line
trawlers, 35 to 45 feet in length, which, as a rule,
fished the sa,me nearby grounds on 1-day trips
throughout the year. According to interviews
with fishermen in 1946, the area fished extended
from No.6 buoy to No. 10 buoy on the western side
of South Channel, in depths ranging from 15 to
30 fathoms on ha.rd, rocky bottoms shunned by
otter trawlers. All speeies of fish landed at
Chatham were assigned to subarea G.

Provincetown, Mass.

The fleet consisted of 35 to 40 small otter
trawlers, which followed a regular seasonal pat-

tern of fishing for yello\vtail. During the winter
months of November to March, the fleet fished
Cape Cod Bay and Massachusetts Bay, statistical
subare.a E, and during the rest of the year they
fished east of Cape Cod on the western side of
South Channel in statistieal subarea G. On the
basis of this information, whieh was gathered
through interviews with captains of vessels oper
ating out. of Provincetown, the landings of yellow
btil flounder have be-en assigned to these two
suba.reas for the months indicated.

Plymouth, Mass.

The fleet fishing out of Plymouth consisted of
less than 20 small otter trawlers which regularly
fished Cape Cod Bay and Massachusetts Bay,
stntistical subarea E, and all landings of yellow
tail flounders have been assigned to this subarea.

Woods Hole, Mass.

The regular fleet consisted of 15 or more small
otter trawlers and 2 medium-sized otter trawlers
t.hat fished the same grounds fished by the New
Bedford fleet. of small otter trawlers. Trips were
also landed t.here oecasionally by New Bedford
vessels. The landings of yellowtail flounder at
Woods Hole have been a.ssigned to statistical sub
areas in proportion to the landings at New Bed
ford by sma.ll otter trn-wlers.
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Nantucket, Mass.

Most of the vessels landing in this port were
small and medium-sized drttggers t.hat c9mmonly
fished the same grounds fished by the New Bed
ford fleet, and t.hey land there or at. Woods Hole
occasionally. The landings at Nantucket have
beeil assigned to st.atistical subareas in proport.ion
to the landings by all otter trawlel" at New Bed
ford.

Rhode Island, Conn., and Long Island, N. Y.

Landings at ports in these place.s were· variously
assigned to statistical subareas according to in
fonnation gat.hered from interviews wit.h fisher
men from these ports during October and
November 1946. This varied slightly from port

to port and season t.o season, but virtually aU of
the fishing was west of Nantue-ket Shoals.

New York City, N. Y.

Landings of yellowt.ail flounders at this port
were assigned to the subareas in proportion to
the landings by all vessels at New Bedford from
Georges Bank and southern New England areas.
This was based on the opinion of e-aptains of both
small and medium-('lized draggers landing fish at
New York City.

New Jersey.

. The very small amount of landings were as
sumed to have come from the statistical area desig
nated Southwestern Long Islaud.

C. LENGTH FREQUENCIES OF YELLOWTAIL BY STATISTICAL SUBAREA, QUARTER
AND SEX, 1941-47

TABLE e-l.-Length frequencies of yellowtail: By area,
quarter, and seT,' southern Nova Scotia eXx1-0) und
eastern Massachusetts grounds eXxII-E)

Southe.rn
Nova
Scotia

Eastern Massaehuwtt~grounds

1942
Length oC fish 1945 4th 1944 1946 1947

2d qusrt~r quar- 3d quarter 2d qUlll'ler 2d quarter
ter

Male Fe· Both Male I Fe· Male Fe· Male Fe·
male Sl'xes male ma1t' male

------1-------------------
26.5 em. .. _. • .__ 2 __ .. _. • •
27.5 em. ._. ._____ 10 3 1 • _
28.5 em • ._.___ 11 5
29.5 em_________ 17 2 ----i- :::::: :::::: ----i- ::::::
30.5 em ••• _ 22 2 3 1
31.5 em •• ._____ 24 5 ----3- :::::: :::::: 5 2
32.5 em • 11 10 1 1 4 3
33.6 em_. ._____ 9 10 3 1 5 5
34.5 em.________ 1 1 4 10 5 3 6
35.5 em • • ._.__ 6 2 4 4 8
36.5 em •• _ 1 ._____ 1 2 1 5 2
37.5 em .____ 3 2 3 1 5 2 2 1 5
38.5 em ._ 2 3 2 6 3 3 1 2 4
39.5 em ._. 3 7 4 1 .1 7
40.5 em • 1 1 10 5 1 6
41.5 em_________ 4 5 ._ 8 5 1 2
42.5 em_._______ 2 8 1 1 7 1 :I
43.5 em_._______ 1 10 •• 2 6 3
44.5 em.________ 3 12 _._.__ 5 1
45.5 em. •• 11 _. • 2 9 3
46.5 em_________ 7 ._. 1 5 4
47.5 em .___ 5 _•• __ . • 1 4 • _
48.5 em. ._. 7 •• __ • 1 __ • • _
49.5 em. • __ • 7 _••• _. _. .• __ • c.. 1 ._____ 1
50.5 em • ._. • • 1 _. . _
51.5 em_. . __ .__ 2 1 _
52.5 em_________ 3 • • •

TotaL. ----n1---s3ill6813547 ----;s00Il6
Mean length

(em.) 40.50 45. 20 31. 00 33.63 36. 10 40.41 44.19 34.44 38.50
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TABLE G-2.-Length frequencies of yellowtail: By area,
quarter, and sex, western side of SO/l.th Channel (XX I I-a)

TABLE C-4.-Length frequencies of yellowtail: By area.
quarter, and sex, celural and southeast Georges Ba-nk
(XXII-Ml

----------,----Length offish

1M5
1st quart~r

Male Female

IM6
2d quarter

Male F~mal~ Length offish

1942 1944
4th 4th quarter

quarter

1945
3d quarter

1946
3d quarter

18.5em__________________________ 1 _
19.5 em • •• • _
20.5 em__________________________ 1
21.5 em__________________________ 2
:l2.5em ._______ 4 5
23.5em__________________________ 5 4
24.5em__________________________ 6 3
25.5em__________________________ 4 6
26.5em__________________________ 2 4 5
27.5em__________________________ 1 1
28.5em__________________________ 1 1 ._____ 1
29.5elll__________________________ 3 1
30.5elll__________________________ 6 2 2
31.5em .______________ 3 1 1 .1
32.5em__________________________ 4 1 2
33.5cm__________________________ 8 2 3 2
34.5em .______ 6 3 2 1
35.5 elll__________________________ 3 2
36.5em__________________________ 4 2 4
37.5enL_________________________ 10 3 1 5
38.5em__________________________ 12 5 3 3
39.5em__________________________ 10 9 2 2
40.5em__________________________ 8 12 5
41.5rm__________________________ 4 10 4 3
42.5elll__________________________ 4 5 3 7
43.5em__________________________ 1 7 1 6
44.5elll__________________________ __________; 5
45.5em .____________ 1 10 7
46.5em__________________________ 5 3
47.5 em .
48.5 em ._________________ __________ 3 . _
49.5elll__________________________ 3 _
5O.5em__________________________ 4 _

Both Male Fe- Male Fe- Male Fe-
sexes male male male

27.5elll_______________ I
28.5em_______________ 1 2
29.5 el1l_ _ 1 8
30.5 CIlI_______________ 1 1 6
31.5 em_______________ 3 14
32.5elll_______________ 1 4 2 17
33.5em_______________ 5 2 6 2 17 1
34.5 em_______________ 5 2 6 4 18 3
35.5 em_______________ 5 1 1 7 1 21 5
36.5em_______________ 10 1 16 4 17 9
37.5elll 8 3 1 7 3 13 17
38.5em_______________ 8 5 5 9 9 10 21
39.5em_______________ 10 4 6 7 12 6 16
40.5em_______________ 6 4 2 9 3 13
41.5em_______________ 9 10 2 13 1 6
42.5em_______________ 8 14 2 11 15
43.5 em_ 4 8 12 14
44.5ern_______________ 7 13 12 6
45.5em_______________ 8 6 12 8
46.5em_______________ 5 4 9 3
47.5ern ,___ 2 8 4
48.5em_______________ 2 1 1
49.5em_______________ 1 1

. 5O.5em_______________ 1
51.5em_______________ 1 2 _
52.5em_.______________ 1 _

Tot<\L._____________ 100 20 81 74 126 155 145
Meanl..ngth(em.l __ 3\1.87 39.05 42.88 36.32 41.96 34.64 40.56

TotaL _
Mean I~ngth (eQ1.) _

90
36.51

9.;
41. 90

59
31.11

76
35.62

_._------------------------

TotaL.____________________ 115 135 268 31 69
M~an length lelll.) .. -_____ 30.56 34.66 39.58 34.05 40.24

TABLE G-5.-Length frequencies of llellowtail: By area,
quarter, and sex, southwest Georges Bank (XX II-Nl

2O.5el1l__________________________ 1 • _
21.5ern _
22.5em__________________________ 1 _
23.5 em ._____________ 2 _
24.5 em__________________________ 5 • _
25.•; em__________________________ 8 _
26.5 elll._________________________ 4 _
27.5 elll._________________________ 4 1 _
28.5 elll__________________________ 2 1 _
29.5 em.. 1 4 _
30.5 elll .. 9 1 2
31.5elll •• 1 15 4 3
32.5em_________________________ 2 12 1 10 2
33.5 elll__________________________ 1 12 9 2 1
34.5 elll . 1 19 11 5 3
35.5 elll__________________________ 5 14 17 3 3
36.5 em__________________________ 3 19 21 1 2
37.5elll__________________________ 1 15 26 2 5
38.5em__________________________ 5 10 21 1 9
39.5 ern__________________________ 5 3 24 2 10
40.5elll__________________________ 3 1 35 4
41.5elll__________________________ 7 1 30 8
42.5ern__________________________ 6 22 9
43.5 em.. 9 19 5
44.5 ern__________________________ 9 10 3
45.5 ern .. 4 9 _
46.5elll__________________________ 3 3 2
47.5elll__________________________ 2 2 _
48.5elll__________________________ 2 3

1942 1947
1st

quarte.r
! 3d quarter 4th quarter

Both Male Fema1l' Male Female
sexes

Length offish

TABLE G-3.-Length frequencies of uellowtail: Bu area,
quarter, and sex, eastern side of South Channel (XXII-H)

-- -------,--1-......--1--;--

26.5em_________ 1 _
27.5 em .____ 1 _
28.5 ern .. 1 1 2 __ . _
29.5 ern_________ 2 1 1
3O.5em_________ 1 4 3 1 1 _
31.5 ern_________ 2 ; 1 2 4 5 1
32.5ern_________ 1 17 2 2 1 14 3 4 _
33.5 em_________ 6 16 \I 6 1 19 6 9 4
34.5 em_________ 6 21 ; 8 1 28 9 6 17
35.5em_________ 13 25 15 14 1 45 17 11 19
36..5 ern.________ 8 34 17 24 7 67 23 23 25
37.5 em.________ 18 21 22 22 19 50 48 25 17
38.5 elll_ __ 16 22 24 28 27 69 73 19 26
39.5 elll_________ 13 21 31 24 45 68 90 15 20
40..; em ._ 21 8 - 44 14 57 43 101 13 32
41.5 em_________ 11 5 33 9 57 29 144 14 45
42.5em .__ 20 5 37 5 71 17 142 5 42
43.5 em_________ 23 33 3 55 8 139 1 54
44.5elll . 11 I 20 1 53 2 99 40
45.5elll_________ 11 19 1 39______ 86 40
46.5 elll_________ 8 7 38 64 1 24
47.lielll_________ 7 13 36 32 16
48.5 ern_________ 6 2 20 22 I'
49.5 em_________ 4 3 9 11 ~

5O.5em_._______ 1______ 2 1 3 6 1
51.5elll __ .. 2 1

TotaL_______ 207 209 341 165 540 470 1.120 152 442
Mean length

(elll.) 40.98 30.34 40.97 38.07 42.93 37.77 42.22 37.68 41.86

1942 1944 1M5 1M6
4th 1st quarter 1st quarter

qllar-
L~ngth offish ter 1st quarter 4th quarter

Both Male Fe~ Male Fe- Male ]i-e· Male Fe-
sexes male male mal~ male
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TABLE C-6.-Length frequen.t:ies of yellowtail: By area, quarter, anti sex, Nant'ucket Shoals and Ligh.t.ship grounds
(XXII-O)

241

Len~th of fish

1942
4th quarter

1st quarter

1943

3d quarter 1st quarter

1944

3d quarte_r 4th quarter

Male Female Malt' Female Male Malt' Female Male Female Malt' Female
---·---------�-------------------------------------

21.5 em . .______ 1 I . . ._. - ---------- --.--- .. - --------.- - .. --- . .
22.5em ._.________________ 4 8 . __ . . . . __ ._._._ ... .• -- _
23.5em .______________ 14 8 . . . ._. .. -.--- ---. __ ._._ .----- _
24_~cm_. . . __ ._ 17:l3 1 . . __ . .. . . . . __ .___ 4
25..~em_______________________ 23 28 I . __ . __ -------c-- . . . . ... _._ 2
26.5em .. ._. ._____ 18 16 I .__ I 2 ._____ 2 1 3
27.5cn.. .________________ 9 10 I 2 3 3 2
28.5=_. . .. II 10 2 2 2 4 I 3 3
29.5cm .. • . 17 4 2 7 4 3 2 13 I
3O.5em. . ._____ 8 3 12 2 18 14 6 5 13 I 18 4
31.5eID. . . . 15 5 17 10 21 13 !l 5 16 " 22 12
32.5 eID • ._____ 13 10 17 22 42 25 6 6 13 3 22 II

~tg~::::~:::::::::::::::::: 1~ 1~ I ~ I ~~ ~~ ~~ 1~ ~ ~ i1 i~ ~3S.5cID ._ 7 12 41 5U 33 77 6 4 3 II 17 30
36.5 eID __ . . ._ 7 II 36 50 23 76 6 6 13 5 31
37.5 c-m .. ~_ 3 19 37 64 14 82 4 2 13 17 34
38.5= . __ . . __ ._ 5 15 34 76 5 65 4 7 II 6 21
39.5L-m . --.-----.-.---.- I 12 17 831 6 85 I I tl II 2 404O.5cID_. • .________ 16 16 87 ._.__ 78 4 10 8 2 19
41.5em •. _.• _ II 4 104 I 72 ._. 7 10 I 23
42.5em __ . . . • ._______ Ii 3 83 • __ , 48 2 6 8 14
43.5 em • .. . __ • .___ 4 I 78 • .___ 32 6 2 15
44.5cm ._______________ 5 49 13 5 2 II
45.5cm. • . . I 44 8 5 2 II
46.5 em. .. _. ._ 2 23 3 7 _. . . ._________ 3
4i.5cm .. .. .__ 23 1 3 2 ~______ 3
48.5em. . . .. .- ._ II _. __ . __ . .. 2 . . .____ 3
49.5cl11 • ._. .__ 8 .. _. .. . __ ._ I . I
SO.5cm. . . ._. • ._. 2 . . __ . . ._________ I
51.5cID . . ._. __ .____ 2 . . __ ._. - . . -., .. __ -------- _
52.5em ._._ .. . .. . __ .• . __ . . . • __ - . _
53.5eID . ._. .• , . __ ._. . . ._. . . _

54.5Ci~i~~I~~~~~~:;;~.~:;;;;:~~~~{~~I~~~~~-~ 0

TABLE C-7.-Length. f7'cqucnl'ics of yellowtail: By area, quorter, and su, Nantucket Shoals and Lightship grotmds
(XXII-a)

1945 1946 1947

Length of fish 1st quarter I 3d qua''ter I
Male- Fe.malerMale Fe-male

4th quarter 1st quarter 1_3_d_qU~a_r-te-r---I--4-th-q~Uar-te-r-I--3d-q-u~ar---te_r__
I
__4_t_h_q..,.u_W'_t_er_

Male Fe-male Male Female Male Female- Male- Female Male Female Male IFemale

------·1------------------------------------------
21.5cm .. • . . ._ I . .. ._._ ._. . -- __ . .. --. . ---------
22.5cm_. . .. __ . .____ I ._ .. . ._. . . . . __ . . . __ . .. ----. _
23.5cm•• • . 1 1 I __ .. _.__ -I • . ._ -- __ . • -- . ------ __ ---- •. --
24.5cm_ .• ._. __ ._ 2 . __ . 1 2 . . __ ._ . . . . 2 -- __ . --_. __ .. -.--.---
25.5em _. 3 I ._____ 2 1 1 .___ 2 -. .. . __ . -. ----.---
26.5cm . 12 . . __ • I I 2 I 2 I 1 I I 1 2
27.5cm .. __ 10 2 3 1 4 2 9 2 2 3 10 1 1 1
28.5cID. .. .. _ 10 1 14 I 10 1 9 6 45 10 9 12 25 4 2 1
29Jicm. ._,~__ 9 2 16 7 24 II 5 2 51 34 38 50 62 23 4 2
3O.5cm. __ . ._____ 13 50 12 59 18 9 2 104 78 89 123 73 42 10 I
31.5 cm•. 14 Ii 37 25 87 44 37 4 62 ll2 101 I 166 71 90 17 6
32.5cm .____ 30 17 45 35 75 61 49 26 45 116 100 215 62 III 19 13
33.5em_. __ ._.______ 33 17 42 43 78 73 52 65 39 76 68 189 44 128 9 21
34.5 cm.____________ 51 31 30 43 81 65 52 80 39 37 76 200 41 122 6 19
35.5 em_~___________ .~ 38 15 40 56 78 29 60 31 27 60 155 27 122 3 17
36.5em. __ . ._._ 44 46 8 47 34 92 32 62 33 41 62 125 II 82 8 22
37.5cm. .. __ 59 69 2 55 II 98 25 82 12 61 42 146 6 58 5 12
38.5 em. . .__ 47 72 3 34 6 82 22 59 6 57 12 125 3 35 18
39.5 em. .. 18 91 I 32 4 63 15 47 2 51 8 154 2 37 2 9
40.5em.____________ 20 126 19 3 54 9 54 40 1 154 31 14
41.5em. .. _._ 9 93 11 46 9 67 36 2 138 32 18
42.5 em. . __ .. 3 109 12 22 2 54 25 88 17 13
43.5cm.____________ 2 95 6 23 2 53 8 53 17 12
44.5cm•. 77 4 17 41 7 42 5 2
45.5cID. . . __ . . 56 2 13 24 2 21 3 6
46.5cm. ._.. 32 __ ._. ._ .. 8 14 2 15 I 3
47.5cm. .__ 31 . .. _.. 4 15 ... • . II . . __ ._._ I
48.5cm. . ._ 18 6 6 1 5 1 __ ._____ I
49.0 cm•. ._._ .. __ 4 . ._ .. .__ 4 . . ._____ 7 .. • _
50.5 em•. ._ .. _. ,__ 3 ._. . ._ 1 . .•. . 1 _. . .. . _
51.5cm. .. 2 . __ . .... __ 1 . _.. __ . . -- __ . . ---- .---.---
52.5cm•. . __ . ._. .. . __ ._.____ 1 . ._._. . ._. • ------_ .•-----.-

~o:~-i;;iiiili-~ 1,036 ~-432~"884___a67__s35480I-s24-671
1

2,202\439

1

963-89"-1.------;\2
(em.) . 35.22 40.96 32.30 36.08 33.14 37.07 34.58 38.83 32.00 35.06 33.34 36.48 31.96 35.18 32.89 37.77
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TABLE C-8.-Lengthfrequendes of yeliowtaU: By area, quarter, and sex., oil No lvIans Land and southern Massachusetts
(XXII-(), R)

1941 1942 1943

Length offish
2d quar- 4th quar- 2d quar·

ter ter ter
4th quarter 1st quarter 2d quarter 3d quarter 4th quarter

-----------------I--~~---I---.,----I-----.---I-----,-----

Both
sexes

Both
sexes

Both
sexes

Male Female Male Female Male Female Male Female Male Female

22.5em • .____ 1 • •• • . • _
23.5em • •. _. .• ._ •. • • . _
:H.5em .__ 1 1 1 1 1 _
25.5em • • • ._____ 1 1 3 1 2 •• _._. _

~U~~::::::::::::: ----·---5- t ----.----- -------2- ------·-3- 4 2 ~ 1~ ~ ~ --------2- ----------
23.5CI1l__ ._.________ 4 1 --------2- 5 2 --------5- --·-----2- 10 18 14 50 3
29.5cm__.__________ 3 1 19 10 14 5 22 23 19 70 9 1
3O.5em__.__________ 31 2 45 26 43 5 26 46 24 69 12 6
31.5 em__ .__________ 1 26 5 39 34 51 32 54 71 29 117 21 9
32.5 em ._____ 3 22 12 73 21 54 51 52 115 45 139 22 21
33.5 em__ . .___ 7 21 20 51 24 63 49 44 144 36 163 33 21
34,5 em__ .__________ 7 '1:7 31 39 34 61 40 42 99 25 162 29 29
35.5 em__ ,. .______ 10 34 24 35 39 62 39 41 73 21 150 23 37
36.5 em__ . ._____ 9 33 14 25 47 46 37 31 72 13 129 19 41
37.5 CD'--.. 6 32 11 14 49 19 46 17 73 3 125 7 43
38.5 em__• .. __ 3 19 18 7 35 18 46 7 66 1 109 8 40

~g:g=::::::::::::: : t: : : ~~ Ig i; : ~ t 1~~ ---·-·--i- :
41.5 em__ . •• 3 11 4 21 2 30 48 1 22 36
42.5 em__ .__________ 3 11 1 22 '1:7 36 3 21
13.5 em •• 1 5 I 9 21 2 '1:7 3 21
44.5 CIIl • .____ 2 I 7 12 15 2 9
45.5 em__ . .____ 2 ._•• 4 5 11 5
46.5 CIIl ·.. 1 2 •• __ ._____ 3 .. 2 8 ._________ 3
47.5 em__ ••• • • • 00. •• 4 2 • 1
48.5 em__ • • __ . • •.• 1 • • ._______ 1 • ._. • .. • __
49.5 em ' ... . ._______ 1 . • •• _
5O.5em •__~ • .. 1 . _

TotaL _
Mean length(CIIl.> _

77

36.11

317

35.80

161

35. 76

362

33.21 36. 52

446

33.88

513

37.01

372

33.17

1.077

35. 85

243

32. 52

1,508

34. 64

194

33.73

415

38.03
o . ---'-__--". '--__----' -'--__---'- -'--- -'---__---'- -'---__---'- '---"-_

TABLE C-9.-Length frequencies of yellowtail: By area, ,:!,yarter, and StJ;T., oil No Mans Land (mel southern Massachusetts
(XXlI-(), R)

1944 1945

Length of fish 1st quarter 2d quarter 3d quarter 4th quarter 1st quarter 3d quarter 4th quarter

Male Female Male Female Male Female Male Female Male Female Male Female Male Female
--------1------------------------------------------

·-----iii- -----·--i
28 2
58 12
66 '1:7
73 41
78 47
64 43
34 82
34 74
11 79
8 93
1 87
1 74

64
26
27
18
7
7
1

23.5 em • ._______ 2 1 • • .______ 1 • _

~:g ~:::::::::::::::: ~ -------2- t ::::::::: ::::::::: ::::::::: ~ ~ 1 -------2- ::::::::: ::::::::: :::::::::
~.g em________________ ~ 3 : --------- -------4- ---------: :: ·----·T 3: J ------T --------i
28'5 em________________ 8 7 2 10 ------T 6 16 4 89 20

29:5 :::::::::::::::::: 18 1 19 1 13 2 ·------2- 18 3 154 61
30.5 em __ • .__ 21 16 35 5 '1:7 ------"3' 10 7 30 10 136 69
31.5 em .. 51 20 40 29 26 24 17 10 48 26 128 96
32.5em ._ 48 23 40 50 26 35 23 9 59 33 140 61
83.5 em________________ 66 36 21 5\1 24 40 26 11 90 34 135 68
34.5 em. ._____ 83 43 10 34 17 38 17 14 88 35 83 1'1:7
35.5em __ ._____________ 68 76 7 18 8 26 21 23 97 52 42 183
36.5 CIIl________________ 66 71 10 13 4 12 7 28 85 89 13 170
37.5CI1l. • 42 76 2 9 6 23 10 20 63 96 3 163
33.5cm________________ 35 57 1 8 1 9 3 24 58 130 88
39.5 em .____ 15 79 8 1 11 1 24 16 141 2 49
40.5 CIIl________________ 7 65 5 9 17 12 122 43
41.5 em_. ._______ 4 47 8 7 16 4 124 30
42.5 em________________ 1 67 3 7 15 132 21

:U~:::::::::::::::: .__~_:~ t .-------- -------j- -:::::::: 1~ 1~~ r
45.5 em • __ ._______ 28 • 00_. . __ .. __ .______ 1 72 • _
46.5 em • __ .__ 11 _. • .______ 4 56 • • ._. _
47.5 em________________ 8 • • • ._ 2 21 • _
48.5 CIIl .... 2 _. • .________ 11 ._. _
49.5 em .. • • ••. 2 4 , • ----.----
50.5 em __ • • •__ . . • . .. 4 •• • ---------
51.5 em •••• • . • .___ 1 • • ---------

813

38. 81

467

34.04

1,251

35. 36

972

31.5140.16

1,384714

34.34

253

38.05

150

33.28

246

35. 23

167

31.58

250

34.'1:7

204

31. 79

806

38.62

548

34.52

-------------------------------------------Total.. __ • _
Mean lenRth(em.) •• _
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TAllLE e-lO.-Length frequencies of yellotl'tail: B1/ area, lJuarter, and sex, off No Mans Land and southern Mo,ssarhusetts

(XXIl-Q, R)

1946 1947

Length of fish 1st quarter 2d quarter ' 3d quarter 4th quarter 1st quarter I 2d quarter 3d quarter I 4th quarter

______+_M_a_le_ Female Male Female Male ~emale Male Female Male IFemale Male IFemale ~ale I Female! Male Female

~:i ~===:===:=:::= :=:==::: :======: ==:=:::: ::=::==: :::===i: :::=:=:: ::::::~: ::::::~: :::::::1:=:=:: ==:::::: :::::::= ::::==== :::==::: =::::::= :::~:::~25.5em ._______ 4 3 I 1 1 . . . 2
26.5em . .__ 7 6 3 3 _. ._.__ 5 2 3 . .______ I
27.5em_____________ 12 4 3 14 3 3 13 I 3 2 2 1 3 2
28.5em. ._.____ 3 2 3 3 32 18 8 I 20 10 11 1 9 3 10
29.5em_____________ 8 4 4 7 30 41 25 4 10 7 20 10 8 17 26 9
30.5 em._____ 21 2 4 3 28 50 63 14 19 10 28 15 16 40 47 25
31.6 em .. __ 35 9 3 _.______ 16 39 66 33 38 12 32 27 25 30 48 39
32.5cm -- 75 29 2

61

------
1
-- 27

1

27 SS 49 42 17

1

42 29 19 32 68 58
33.5em_____________ 100 80 41 13 94. 64 58 30 34 46 12 30 49 49
34.5 em . .. __ 92 93 6 _.______ 47 15 88 67 43 43 32 41 7 32 45 52
35.5 em .__ 79 82 4 5 24 29 68 51 40 49 2S 56 7 24 35 55
36.5 em__ .___________ 71 71 21 5 17 34 60 45 44 44 3S 331 5 16 20 61

~:g~:::::::::::::::: ~ ~ :::::::: ~ ~ ~~ ~~ ~~ .~ ~ ~ ~ ------2- ~ }g :~
39.5em_____________ 10 50 \I 42 \I 69 8 42 13 32 2 2 23
40.5em_____________ 6 46 2 44 4 76 7 51 I 32 I 7 I 30
41.5em_____________ 42 7 17 7R 4 40 I 30 4 43
42.5em .• . .______ 49 3 10 3 44 1 49 26 3 31
43.5em_____________ 32 1 8 31 I 23 20 ._______ 16
44.5cm_____________ 18 1 13 I 23 12 . ._ 14
45.5em .________ 12 • . __. 1 11 15 10 .____ 8
46.5 cm ~~ ~____ 2 ~ ~_~ . 3 6 3 . 2
47.5em •__ . ,__ 3 . . . . . 2 10 2 2
48.5cm_____________ 2 . .____ 1 4 I . . _

49.5em -------- 1

1

-----.-- -------- -------- -------·1---·---- -------- -------- 2 -------- ---.---- -------- -------- ------.- 2

g«f:g~:::::::::::::::: :::::::: -----.~- :.:.:-:: ::::::~ :::::::: :::::::: :::::::: ::::~~ :::::::: __~_ :::::::: _--.l :::::::: ~:::::: :::::::: ::::::::
TotaL•. 592 7591 40 60 290 5151 636 768 420 585 321 482 113 254 386 622
Mean lel\llth

(em.) 34.27 37.46 31.75 36.55 32.30 35.63 33.78 37.761 34.13 38.44 33.73. 37.15 32.15 33.52 33.03 36.69

TABLE C-ll.-Lengthfrequenries of yellowtail: By area, qnarter, and sex, Rhode Island shore (XXII-B)

4th qusrter

1945

Length of fish
I

1942 1943 11144

2<1 quarter I
l
ist quar· 2d quar- 1st quarter 4th quarter 1st quarter 2d quarter

ter ter _.__,--__.1 ...._'--_

---- I I
Both Both Male Female Male Female Male Female Male Female I Male I Female Male 1Female
sexes sexes

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

1111iil~11lill1lil·····l::::~ll~ :i:i;!!·;'::·~~~:!:,:~~:::.I:I:::~:::fl:l:Illll::l:~~::~ :1::~:~:1 :::111::~ ·:::::1!: :~~~l:l~l ~~lll:l~ ~~:l~ll:,
3O.5cD!._______________ 38 23 2 8 23 9 1 I I 5 • 9 00-.---2- I4 3
3l.5em . 42 56 9 32 25 2 4 6 3 18 4 22 8
32.SCm________________ 58 76 7 16 34 20 2 3 II 10 20 12 13 13
33.SCm .__________ 42 86 3 12 281 22 8 2 17 3 30 8 11 12
34.5em .________ 34 105 2 11 31 20 7 4 12 6 27 14 8 11
35.SCm________________ 36 98 4 10 27 14 4 5 11 6 18 25 8 12
36.5cm 37 58 6 10 14 16 5 9 5 11 7 30 2 4
37.5 cm ._______ 29 37 7 10 20 to to II 10 27 2 20
38.5cm 33 25 8 8 19 5 5 14 25 3 4
3lI.5em . .__ 23 31 5 I 13 4 I 13 13 7
4O.5em . 28 20 7 2 7 1 13 15 1 5
41.5 em___________ 13 15 3 II I 5 17 3
42.5 cm________________ 4 to 1 8 4 4 14 1
43.5ern ... 6 5 I 4 5 4 8 5
44.5 cm .__________ 2 2 .. 3 3 2 6 I

jiH~~~~~~~~~~~~~~~~~ ==::=}: ==:=:==~: ~~~~~-~~~ ~m~~~:~ ~~~~~~~~~ f ~~~;~~~~~ ~~~~~~~i~ m~~~~~~ :::::J :::=::=== :::==::~= :=::====: ===:::d
TotaL __ -------- ---0041--084 --25- ----m- --;as --m--36- ---64- ---89-I-u2 -m1-------;24--SS----m
Mean length

(cm·) 1 34.01 34.90 33.86 35.04 33.21 36.16 33.53 37.52 34.15 38.00 32.52 37.117 32.85 36.22
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TABI:.E C-12.-Length .frequencies of yellowt.all: Ry area,
quarter, and sex, Rhode Island shore (.'1 X II-/:;)

TABLE C~13.-Length frequencies of ye.llowta.il: By area,
quarter. and su, off Southeastern Long Island (XXII-/)

Length of fish 1st quarter

1947

2d quarter 3d quarter 4th quartl'r
Ll'ngtb of fish

1942
1st quarter

Both
Sl'J[l'S

11144
4tb quarter

Male Fl'male

1947
2d quarter

Mall' Fl'male

-------/----------------
Male Fl'- Mall' Fl" Mall' Fl" Male' Fe·

male male mall' mall'

-----5- -----4- ---.--- .------ ---.--
7 9 -----4- -----2- ---.--

11 3 16 10
6 7 24 18 3
8 6 15 26 11

21.1 13 17 38 14
43 8 14 31 19'
62 4 14 27 21
52 4 5 11 17
22 2 7 15 7
18 1 4 7 14
~ 4. 2 21.1
~ 6521.1
% 4 2 ~

46 3 8
44 3 12
20 I 1111 • __ • __ • ._. __ ._____ 7
6 . __ • • __ .• • 4
1 ._~ ~ __ . .• .. 2
2 • • • _
1 . .. _

-------·1---------------

84
35.24

16
32.75

114
36.51

134
32.28

----·---i- ---------- -·------i- --.-.----.
7 ..·-----i- 1 1

~~ ·-------i- ~ 1
~~ --------6- ~ ;
28 15 3 15
18 13 15
9 7 4 6
1 12 5

12 5
9 4
4 4
4 8
5 23 • • ._.

240
35.03

TotaL. __ •• _
Ml"ln Il'llgth (em.)

24.5 em_••. ._. __ • 3 •__ • • '••• _
25.5 ern •• __ • •__•• • • _
26.5 ern_. •• 3
27.5 ern_. • 1
28.5 ern_. • 1
29.5 ern•• __ . •• 4
30.5 em_. __ . •• 10
31.5 ern .• 18
32.5 ern_. •• 27
33.5 em_. .___ 40
34.5 em_. . 32
35.5 em • • 21
36.5 ern ._______ 10
37.5 em_. • 17
38.5 ern •• • 14
39.5 eJII. • 14
40.5 em_. • 8
41.5 eID_ .• • __ .__ 7
42.5 elll • • 5

:::g ~~:::::::::::::::: ~ ------.--- ··----·-2- :::::::::: --··--·--i

22.5 ern_._••• • • 1 • • • •• ._
23.5 f·rn_. __ •• • ._ •• • •• .. __
24.5 ern ._. •• • • _._. ._. _
25.5elO .___ 1 2 2 _. .___ I I
26.5 ern_. .___ 4 6 9
27.5 ern ••__ 4 2 14
28.5 eID .___ 4 1 22
29.fi em .___ 2 2 14
30.5 em ••__ 5 1 32
31.5 ern. .___ 10 5 38
32.5 ern .___ 8 8 42
33.5 em.________ 4 14 37
34.5 ern .___ 7 8 24
35.5 ew. .___ 6 7 24
36.5 em.________ 3 7 25
37.5 ern. .___ 5 11 17
38.5 em.________ 2 4 4
39.5 em.__ ._____ 2 3 6
40.5 em •• __ 14 2
41.5 ern •• .• 7
42.5 ern •• .___ 5
43.6 em. • .___ 8
44.5 em•.. __ • ._____ 1
45.5 ern•• _. .___ 2
46.5 em••. __ • .___ 1
47.5 ern •• .___ 1 _. ••
48.5 ern.__ ._. • _

TotaL.______ 67 121.1 313 490 61 141 196 204
Mran length

Cem.)._. 32.59 36.52 32.64 37.60 31. 78 33.52 33.41 37.53

TABLE C-14.-Lengthfrequencies of yeliowtaU: By area, quarter, a.nd sex, froll/. the southern New En-plan.d stock

Length of fish

11142
4th quarter

1st qu8rtl'r 2d quartl'r

1943

3d quartl'·r 4tb quartl'r 1st quarter 2<1 quarter

1944

3d quarter 4th quarter
1---.---1---.----1---,----1------;---1---,-- ----- --·-.-~·I----.---II--.-----

Male Fe· Male Fl" Mall' Fe· Male Fe- Male Fl" Male Fe· Male Fe· Male Fe· Male Fe·
male male male mall' mall' male male male male

-------1------------------------------------------------------
21.5 em ••• _.___ 1 1 .• •• __ • • _._. •• _ • • • • .• •• __ • • J • __

22.5em .___ 5 8 • • . . •• __ • .. _ . . • . ._. • _

~:H~::::::::::~:: ii ~ --·-T ----T ---:1 :::::i: ::::::: :::::~: ::::::: :::::~: ----1 : ----T :::::~: ::::::: ::::::: --·-1 ------f
26.5 em_.___________ 111 16 5 2 7 6 2 13 .______ 6 2 2 1 5
27.5 em_____________ 11 13 1 8 13 11 30 2 11 5 8 7 6
28.6 em ._._______ 16 12 ----"7" 4 10 19 16 54 3 15 7' 2 13 ----·r 18 2
29.5em ._._______ 36 14 16 5 22 24 26 74 \I I 32 4 19 1 15 32 4
30.5 em_._._._______ 63 29 55 7 28 54 42 83 12 6 50 30 35 5 40 4 46 13
31.5 em ._._.___ 54 39 Il8 42 54 80 50 130 21 9 92 50 40 2fI 42 29 60 26
32.5 em • ._ 86 31 71 73 59 131 87 164 22 21 88 49 40 50 39 38 68 29
33.6 em •• _. ._____ 66 28 82 74 47 156 70 191 38 21 100 61 21 59 31 66 87 41
34.5 em._. ._____ 46 47 84 67 44 110 52 220 29 29 124 65 10 34 22 49 I">ll 61
35.5 em. _•. _. .___ 42 51 103 89 45 88 54 227 23 37 101 94 7 18 11 37 51 65
36.5 e.m. ._._____ 32 58 82 87 37 82 36 205 19 41 86 fI3 10 13 4 25 18 80
37.5 em._. __ ._._____ 17 68 56 110 17 80 17 207 7 43 56 98 2 9 7 36 27 76
38.6 em. ._____ 12 50 52 122 7 74 6 174 8 40 47 83 1 8 1 20 9 59
~.5 em. ._.___ 3 46 27 110 3 56 7 190 43 17 98 8 2 22 4 72
40.5 em. __ ••. _._____ 4 33 18 117 3 60 1 125 -----j- 26 13 82 5 17 2 41
41.5 em ••• .__ 32 6 134 51 2 114 36 4 65 3 17 1 45
42.5 em •. 31 3 110 37 51 21 3 81 3 15 36
43.5 em ._. ••• _ 13 1 fI9 2 28 35 21 3 45 1 2 29
44.5 em __ ._._. .__ 12 61.. _._____ 15 15 9 46 1 3 29
%.5em._._._. • .__ 5 49·_._____ 11 8 5 35 • . • 2 12
46.5 em_. __ .________ 5 '_"_'_ 25 8 3 3 20 • __ __. __ , __ • •••__ 7
47.5 em__ • .___ 27 2 1 1 12 _:::::: __::::: : :_ 2 __.____ 5
48.5 em ._. • __ ••• _ 1 .______ 11 I . ... 1 5 . •__ • . __ • • •• 3
49.5 em • •• . . _.• 8 .1 . 1 • 2 ._. • __ •• _••• _. ._ •. _ 4
50.5 em •• _. . •__ ., 2 1 . . ._. ._ .. __ • ._. •• •• __ • • • 1
51.5em ••• _. . • : __ ._. • 2 __ •• • • ._ .. • • • •• • _
52.5em_. • • .____ 1 _,_._, ... •. . • • • ._. ._._ ••• • • __
53.5em • • •• • • • __ . • • • • ._._ •• • __.. • __
54.5 em • •• . •. • . __ • •• __ • • • •• • . 1

TotaL -W""'703""'"738 "l.44"2 -m11.189 '""479 2,296 194 ----m- -"855 1,130 -204 -200 235 386 6Ol-----m
Ml'BD Il'llgth

(em.). ______ 31.84 35. 16 34. 68 39. 16 33. 22 35.77 33.20 35. 83 33. 73 38.03 34. 15 38.21 31.79 34.27 32. 16 35.98 32.98 37. 98
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I TABLE C-15.-Length Jrequenc.ies oj yellowtail: By area, quarter, and sex, Jrom the southern New England stock

1945 1946 1947

Length of IIsh 1st quarter _ 2d quarter 3d quarter 4th quarter 1st quarter. 2d quarter 3d quarter 4th quarter 1st quarter 2d quarter I 3d quarter ~th quarter

Male Fe- Male Fe- Male Fe- Male Fe- Mall.' Fe- Male Fe- Male I Fe- Male Fe- Male Fe- Male I Fe- Male Fe- Male Fe-
- .... . male'" male male' male" . male male male . ·male . .male male ·male . . .male

~~::~:~~~m:m:::::;t: :::::j: :::::j: ~~~~::: :::::- ::::T :-:~:i~ :::::;: :::::1: ~~:::l~ m:::~ m:::: :::\ :::~~:: :::}- ::::;: ::~::;~ :::~~;: :::::;:I~~~:m :_:~m :::m: ~~~~:;~ :::::j
26.5em .______ 29 3 11 6 2 1 2 8 8 3 4 1 1 9 8 12 -._____ 1 1 3 -----3-
27.5em.______________ 28 1 10 4Q 3 4 2 16 6 3 23 5 5 3 17 3 18 7 16 2 4
28.5 em_______________ 27 5 6 103 21 11 1 12 8 3 3 77 28 17 13 24 11 34 9 43 11 14 1
29.5em_______________ 27 5 3 170 68 37 14 13 6 4 7 81 75 63 54 12 9 35 22 73 56 40 11
30.5em__ .. .______ 48 10 9 2 186 81 101 23 30 4 4 3 132 128 152 137 24 11 62 26 96 106 75 29
31.5 em_______________ 68 35 18 4 165 121 167 64 72 13 3 78 151 167 199 48 17 72 42 100 135 91 56
32.5 em_. ._____ 100 60 20 12 185 96 154 101 124 55 2 72 143 188 264 50 25 85 54 94 160 125 Rfi
33.5 em_______________ 140 54 30 8 177 III 162 126 152 145 6 I 80 89 162 253 62 44 74 104 64 172 89 89

~~:g~~::::::::::::::: ~gl ~ ~ ~ 1~~ ~ ~~ g~ U~ m ~ -----5- rs ~ ~~ ~ ~ ~ ~ m : m ~ ::
36.5 em .____ 134 146 7 30 21 217 70 178 103 133 2 5 50 75 122 170 47 51 63 60 18 105 43 90
37.5em_______________ 122 176 10 27 5 208 47' 192 69 146 9 20 117 79 190 44 56 37 51 7 68 31 74
38.5 em .______ 110 216 25 3 122 20 165 47 III 4 8 124 31 192 28 51 18 49 5 46 12 89
39.5 CUI_._____________ 35 245 13 3 81 12 163 25 97 9 2 93 17 223 10 45 20 75 2 45 9 1\2
40.5em_______________ 32 261 15 62 5 146 15 100 2 84 5 230 7 65 3 85 2 42 4 57
41.5 em_. .___ 13 222 17 41 1 123 9 109 7 53 2 216 4 47 1 78 39 1 69
42.5 em ._ 3 245 14 33 87 2 103 3 35 3 132 1 54 70 23 M
43.5 em •. _ 4 212 8 13 54 2 85 1 16 84 1 31 40 18 39
44.5 em_______________ 146 6 5 45 59 -_._ 8 55 1 24 24 5 23
45.5em_______________ 131 3 2 32 36 • . 3 32 17 16 3 18
46.5em .__ 89 1 . .___ 17 16 . .__ 2 18 7 4 1 7

~j ~~::::::::::::::: ::::::: ~ ::::::: ::::::: ::::::: ::::::: ::::::: 1~ 1~ ::::::: ::::::: ::::::: -----i- ::::::: I~ 11 ~ ------. ----·i- ::::::: f
49.5em . __ .____ 8 . . .____ 5 ... __ . . 7 2 . . __ • . .__ 2
liD.5em •. __ 7 .• • .• __ .__ 2 . ._. .____ 1 1 1 ,_, • •__ ._.
51.5em .__ ;l ..• . .. _ 1 • . • ._. -___ 1 1 __ ._. • __
52.5em . • __ • ._ 1 . .- .. •• • __ .-. __ . , • •• _

TotaL_. ._._ 1,248 2,532 178 224 1,241 1,683 1,088 1,811 959 1,594 40 60 770 1,339 1,307 2,970 487 705 650 1.056 613 1,358 671 1,038
Mean length (em.)_ 34.64 40.39 32.52 37.97 31.68 35.55 33.50 37.80 34.39 38.18 31. 75 36.55 32.15 35.28 33.56 36.81 33.92 38.11 33.18 37.20 31. 97 34.70 33.12 37.07
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D. LENGTH AND AGE FREQUENCIES OF YELLOWTAIL FROM THE SOUTHERN NEW ENGLAND
STOCK, BY QUARTER AND SEX, 1942-47

TABLE D-l.-Length and age frequencies of yellowtail: SOltthem New England stock, by year, quarter, and sex
[Age determinations during first quarters were not made for yellowtail with more than 6 annuli]

Male Female Sex undetermined

Length of fish
1 an· 2 an· 3 an· 4 an· 5 an· 6+
nulus nuli nuli null nuli an·

nuli

1~2~3~4~5~6~ ~ 1~2~3~4~5~6~ ~
nulus nuli null nuli nllii null an· nulus nuli null null nuli null an·

null null
--------1-----------------------------------------

1941

First quarter:25.5em •.• ••• 1 ••.••_ .• . __ ...•. .. _. ••..•.• ••. . ._•.•_••• _._. .•• •.•
26.5 em •• _. • •• _. • .• __ •__ • •• __ • • ••• _. ._. ••• • ._ ••• _._. • . ._
27.5 em • • • •••••• ._. •• _. • __ ._•• •• _. • ._••• ••. •
28.5 em______________ 1 •••• __ ._. ._._. ••• _. •••••• _. • __ •••• __ ._._. ._. _
29.5 em_ •• •__ • ._•• •••_. • • • • ._ ••• __ • • •••• ••• •• • • __ ._
30.5 em_ •• _. • ." '_" __ ••• • • • •• __ • ._._. __ • •• _._ ••••• •.• •• • • _
31.5 em. __ •• • __ •__ ._ • .•_. __ ,,_,_, .... . . . __ ._._ . ._ .. __ • .• _. •• _._ .•_._•. .• ",_,
32.5 em •. _._. .._.___ I . __ . ._ 3 ._ •• ._. • • •• •• ._
33.5 em. • ._ •. _.___ 1 _. ._. ••• . __ • ._ •• _ • ._._. ' ._ •• _. • ._
34.5 em •• _. __ ._._._. • 1 1 ._._._ 1 ._ •• ' • ._._. • • ••• •••
35.5 em. • • . 1 _. , __ ,_, • ._. •• • • • • ••. ._._
36.5 em._ ••• • • 1 ._•. ._ • ._ 1 . •• • •••• ._._
37.5 em. ._. ._. .. _. 1 • .••. _.____ 2 •• •• _. . ._. ._. • •••.
38.5 em • . •• _. •• ._ 1 • •• ' _.____ 1 2 _. __ • •• • __ . • •• •• ••• _ • ••
39.5 em • •• _, • • .___ 2 • • ._. • ._._ ••• _. •
40.5 cm • • • ._. • •• _. •. _._. • • ._. ._ •• : ._ ••.• __ • •
41.5 em__ • • •• • • • ._._._ •• _. __ • •• _. ._••• •__ ._ .••• • _
42.5 em__ . . __ ._. ._. .____ 2 • . ••••. __ •• __ • • __ •• _. .
43.5 em __ ._. . • . .. _. . . __ ._. . __ • ._. ..... __ ._._ ._. __ . __ .•_. _
44.5 em ... • ••• ._. •• •__ • •__ . •• _. • ._._ • • •• _
45.5cm __ • •__ •. __ • • •• _. • •• _.__ 1 •• • •__ • __ • • •__ ••• _

TotaL •. .___ 2 2 3 2 1 _. ._ 4 3 5 2 1 • • ._._
Mean length (em.), 27.0 35.0 34.2 36.0 38.5 33.0 37.8 38.5 42.5 45.5 ._. .••_. _

=====================
Second quarter:26.5em. . . __ -- . -- . __ •. _ 2 . _

27.5 em __ • • .__ 5 1 1 •. ..
28.5 CU1 . -- • . --____ 2 2 1 •. •
29.5 em __ • ._ 3 2 ..• ._
3O.5em . . ._ 1 6 4 •• _
31.5em -- __ ._ 3 13 8 1 _
32.5cm • . . -- __ • ._ 24 12 4 _. ._
33.5em. . . . __ . ._ 1 11 26 5 2 1
34.5cm • ._ 20 32 8 5 1
35.3 em • • • . ._ 11 25 7 4 2
36.5em __ . • • . . • .____ 3 8 12 7 3
37.5em._. • • . __ .___ 4 3 6 6 3
38.5em. • .. .___ 2 7 3 2 4
39.5 em • •. . •• .___ 1 3 3 2 2
40.5 em._. • -- • -- __ • --____ 2 1 6 2
41.5CU1 • •. . . . . __ . ._.__ 1 2 4
42.5 em . • .• . . •• .• ._. • ._._ 3
43.5 em ,._,. • . . . . . • ..•• __ 4
44.5 cm . • ~ . • • • • • ..• __ 1
4.~.5 CU1._. • -- •__ • . . -- •. --_. • •__ ._.__ 1

TotaL . • -- __ ._ • -- -- __ • ._ 15 100 135 51 36 31
Mean length (em.) • . -- • • -. . -- 29.4 33.4 34.5 35.9 37.3 311.8

=======================
Third quarter:26.5 em__ . • -- __ . . • . _. -- __ • ._, __ --____ 1 __ ._. • __ ._ -- •• •

27.5 em ._. • . -- • ._. " -. __ • --____ 3 __ ._. • • _
28.5 em •• •__ - •• . -. __ •. •__ • ._ 1 __ •. •• •__
29.5 em. • . •__ • • -- •__ • ._ 2 --_. • ------ __ •• __
3O.5em. . • :. • •__ . --._. . __ • • 1 1 . . _
31.5 em . . • . • • . • __ . __ . __ • 3 3 .• ---- -- •• __
32.5 CU1•• __ . • . . • __ • • . __ .- __ • . . __ .• ._ 5 •__ ._ ------ ---- __
33.5 em • . • • • -- __ . • __ ._ 1 8 3 .-.- •
34.5 em. • -- .____ 9 1 1 __ . ..
35.5 em_•. . --_. • -- -- -- ----._ -- --_:__ --._. .-____ 5 3 •• ---- --.- __
36.5 em . . . ,_, -- ._. ._._ 1 3 . .. __
37.5 (lm ._ : •• • ._. •• .___ 7 ------ -- •• _.
38.5 em. • • ._ 2 4 2 • _
39.5 em••. . ._. -- -- -- -.. -_. -- -- --.- • --.:__ 3 ._ ------ -- ••• _
40.5 em. . . -- -- -- .- --.- -- -- •• . -- •• __ 1 ------ -- •. __

TotaL • . . .• __ 12 34 25 3 .• _._
Mean length (em.). . • . • . .. 29.6 34.0 37.1 37.2 •. _.
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TABLE D-l,-Le"/lgth and age frequencies of yellowtail: Southern New England stock, by year, quarter, a·nd sex-Continued

Male Female Sex undetermined

Length or fish
1 aD- 2 an- 3 aD- 4 an- 5 an- OK 1 an- 2 an- 3 an- 4 aD- 5 an-Io an- 7K 1 aDo 2 an- 3 an- 4 an- 5 an-Io an- 7K

__________I_n_u_lu_s=lInullnw�=lI~nUlusnwl=nuli=nUll~nUIUSnUllnull=lI=nul1~

194J-Con.
Fourth quarter:21.5 em. • • • ._____ 1 . _

22.5 em. 0 1 .__ 1 c _
23.6 em 0 • • __ • _

24.5em. .• • . . • .__ 1 • , __
25.6 em • • .__ 1 • .__ 1 • _
26.5 em . • • .• • •. _ 0_____ 2 I • • , __
27.5 em . • 0 •• • • .____ 1 I • • ._ • ._
28.5 em . • •• • • ._ 3 • • • •__
29.5 em· .________ 1 • • ••_. ._____ 1 ._. • • 4 __ • • _
30.6 em .____ 9 0 __ .___ 3 • • • .__ 0 I __ . • ._. _

g~:g ~::::::::::::::::: :::::: ~ ----2- :::::: :::::: :::::: :::::: ----2- ----2- :::::: :::::: :::::: :::::: :::::: 18 ~ :::::: :::::: :::::: ::::::33.6 em • 5 4 _. • __ . • __ .__ 2 2 • • ._ 11 4 • . _

~:g ~::::::::::::::::: :::::: : ~ ----j- :::::: :::::: :::::: ~_ ~ :::::: :::::: :::::: :::::: :::::: I~ ~ ---T :::::: :::::: ::::::
36.5 em • ._____ 6 0 • :: I 3 • • • ._ 2 10 1 1 ._
37.5 em • . __ ._ 2 • • _. • • .__ 0 • ._. • • .___ 3 9 3 •• _
38.5 em •__ • .__ 1 •• 2 1 • • • •• .__ 5 3 1 ._. __ • •__
39.5em • .• .___ I __ . __ • I ._ ._._ .• .___ 2 4 1 •__
40.5 em , • • 1 . 2 3 I , ._ 2 ••• __ •
41.5 em • ._._•.• • .___ 4 2 _. • .. __ I I 5 • _
42.5 em .. __ . .___ I I I 3 • _
43.5em • • , 0 ._____ I • __ .___ I 3 _
44.5em . • • __ • . • .• . .____ I 3 _
45.5em • .__ ._. •• • •__ • ._ I __ • . •__ •• __ • •• _
46.5 em . • • • ., __ • . " • • .- _
47.5 em • • __ . • • • •• • • • • • _
48.5 ern . ._. . . __ •.• . _.. . __ . . -- __ ._ -- . ---- __ -- ._._ ------ ------

TotaL __ ._ .• . 1 23 21 2 1 __ .___ 2 11 20 8 5 4 5 65 50 14 13 7 4
Meanlength(em.)_ 29.5 32.0 35.3 37.0 40.5 • __ 24.0 32.6 36.1 41.0 40.9 43.0 25.3 32.3 36.2 38.8 41.3 42.9 47.0

19.\9
First quarter:19.5em • . . .• ... _. .. . .__ I • .- . _

2O.5cm . . .• --_. . . __ -- -- -.-- .. ---- __ ---- __ --.,-- .. ---- -.-'--- ------
21.5cm .. • • • . • • • . • _c _
22.5cm • . __ •. . . -- -- . -- • ---- __ ------ ------
23.5em • . •• . .. __ I __ . ._. _
24.5em . • . . -- -- ----._ -- ---- __ --. ------ -.---- ------
25.5em • . • . __ ._____ 3 I • . ._. . __
26.5cm ._. • . . • .__ 2 I • -- .- .. __ .- _
27.5cm • . • • . •. __ . ._____ 2 ._. . _
28.5em ._. . __ • •. . . . . ._ I -- -- • ------ ------ -.----
29.5em • •__ . •. . . .. ._ 3 3 I __ • _
30.5em. ._ 1 5 I .. ._. .. 6 1 ._ ------ ------ ------
31.5em______________ I . • . 2 .___ 9 2 __ . ---- __ ---.-- ------
32.5cm.~ . ._ 1 . ~ .. . .~. . . . ._ 5 2 2 .-_. __ ------ ------
33.5em __ ._._. ._ 2 1 • . ._____ 2 1 . __ . . ._ 0 5 2 .- -- .. __ -- _
34.5cm •__ • . 1 • . , ._____ I . ._. ._ 0 8 __ .- --. ------
35.5em • . ._ I . .____ I I . __ •. __ . .. 3 5 3 --. ------
36.5cm • ._. .__ 1 . •• .___ 2 __ .___ 3 7 2 I -- --.---
37.5 em . • ._ 2 3 . . __ .___ 2 I . .___ I 7 I --- ------ --.-.-
38.5cm. • ._ . • 1 3 . .__ I 3 3 _. • • ._
39.5cm ._ . . . 1 . .___ I I . . .___ 3 1 --.-.-
4O.5cm ._ . • I 4 . ._ . ._ I 4 2 -.---- -.----
41.5em • • • I 4 3 . .___ 1 .- ------
42.5em . • 2 ._____ 2 I 1 3 _
43.5em •• . . . . . .__ I I , . .___ I ------ ------
44.5 em . . . . • .___ 1 . . .___ I ------ ------
45.5em_. . . • . . .____ I I 2 . .___ I ------
46.5 em . • • . ._ 3 -- -- --.--- ------ ------ ------
47.5em_. • .. •• . . . __ ._. I -- --. ---.-- ------ ------

:~:g~~:::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ~ :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
----------------------------------------

TotaL____________ I 10 5 6 1 .____ 8 10 12 7 12 12 40 42 18 10 5 --.-.-
Mean length Cem.)_ 30.5 32.0 34.7 38.0 38.5 . 34.1 38.1 41.3 42.5 46.2 27.1 32.4 35.3 37.2 40.8 42.5 ------

======================
Be,cond quarter:24.5 em •• • ._ ._____ I

25.5em . . .. ._____ I
26.5em______________ I . . __ ._____ 5 __ . . . . .. I
27.5 em ._______ 2 . __ ._____ 0 I .• . ._ 3
28.5 em . . 2 I 10 I •. 5
29.5em_. ._. I 4 • . 10 4 . ._ 3
3O.5em ._________ 2 II __ . . • .____ 12 0 ._____ 2 7 __ . ------ .----- ------
31.5effi . .___ 20 I . 8 10 . . . 3 5 __ • ------ ---- .. ------
32.5em ._._____ 22 0 . .____ 6 34 . . .__ 13 __ . ------ ------ ------

H:g ~E::::::::::::::I:::::: ::::~: 1~ 1~ ::::i: :::::: :::::: ::::::1 ~ I---T::::::1:::::: ::::::1::::::1:::::: ~ ,---TI:::::: :::::: ::::::
~:HE::::::::::::::,~:~~:: ::::~: !_ .. _~~_ ~ ::::~: :::::: ::::~~ ~~ :! ! ::::~: :::::: :::::: :::::: ::::~: i :.J ::::~: ::::::
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TABLE D-l.-Length and age frequencies of yellowtail: Southern New Englal~d stock, by year, quarter, and sex-Continued

Male Female Sex undetermined

Length of fish
1~2~3~4~5~ ~ 1~2~3~4~5~6~

nulus null null null null an· nulus null null null null nuli
nuli

7+ I an· 2 an· 3 an· 4 an· 5 an· 6 an· 7+
an· nulus null null null null null an·
null null

14 75 45 5 5 1 •• •.•_. • _
al.7 34.6 38.8 41.5 43.1 47.5 __ • • • . . __ ._.

-------1----------------------------------------
19A5-Con.

Second quarter-Con.39.5 em•••• _. • .____ I 2 ._. 2 15 2 4 __ • ._._ 2 -"_____ I
40.5 em••_. • -"_.__ 1 . . . .___ 4 11 4 I __ • .__ 3
41.5 em•• _._. • . • ._ 3 10 2 I __ .___ 2 1
42.5 em•• _. __ • • . . ._____ 4 5 4 3 ._. .__ 1 1
43.5 em•• _. . .__ 1 . • ---___ 3 6 1 __ • ._.__ 2 2
44.5 em•• _. •__ • __ -- --_. __ -- . __ ---. __ . __ . .-_. __ .---_. 3 1 __ • ._._ 2
45.5 em. __ . . • • • . • . . • .____ 3 3 • .•• .___ 1
46.5 em•• ._._. .•• • . • • .____ I 2 . • •• .__ I
47.5 em••• • --._. • •. __ ._. . _" . __ ._____ I _. . ._. • I
48.5 em_. __ • --. ._. • --- .__ I .. • ._._.
49.5 em • __ .. -- . ._. ---_. •. -- ••• • _
50.5 em. . __ ._._ -- • -- __ •• . ._ --- .____ I --. ----. . .

----------------------------------------
TotaL_.__________ 9 94 48 8 I 57 211 74 47 26 15 19 37 11 8 14 _
Mean length (em.)_ . 29.2 32.8 35.5 37.8 38.5 . 29.6 34.2 38.2 40.6 42.1 44.9 28.7 32.7 37.4 40.5 42.7 _

======================
Third quarter:27.5 em -_____ I • .__ 1 __ . • . • . •• .•

28.5 em__ .c • .__ 2 _. . ._ I . • ._ . . • • •• _
29.5 em .____ 4 •. _ ._____ I .. ... _. ._. ." _
lIO.5em •. .__ 2 • • . 2 1 •. ••• ._ •• .• • • ._._
31.5 em ._.__ 2 .. 2 8 .. • • __ . __ •. ,. _
32.5 CDl •• .____ 1 2 . .__ 4 II • .••• • _
33.5 em ._.____ I 4 ._. .____ 9 • • • • •• _
34.Sem_. • __ •. .__ 3 ._ 1 .__ 2 15 • ... ._. • _
35.5=_. ._ .• .____ 3 •. __ • .• .__ 1 15 2 _. • . • • • ._. __
36.5 em_ ••• ._. .• 2 00 .__ 5 7 • ._. • • ._ •• .00 _

37.5em . ._.__ 6 4 .. • ._. ••. ._
38.5em __ ._. ._____ I .. 2 II I • __ . • .••• • __
39.5 ern • . • • • • 3 13 I . ... .
40.5em_. • . . ._. 2 I _. . ... _._. . ._
4\.5em . . .___ 5 I . ... ._ .. ..... _
42.5 em_. . • • . I 2 __ . ._. •• •• _
43.5 em_. • . ._ • ._ 1 •.• • . _. __•• _
44.5 em . • • •. . I . . ... _
45.5em . . • ._. ._. _
40.5 em • . . •• •• 1 .•• ._. .•_. _
47.5em ._. • • . ... 1 ••• ._. ._. - •••• .. _.

TotaL.___________ 13 14 2 ·1 •__ . _
M,'an length (em,) 30. 2 34. 2 36. 5 34.5 _

Fourth quarter:23.5 em • . __ •__ . __ • •• I . . . __ ..... . _
24.5 em • ••• • . .• • • •. . . ••. ••• __ --- •• • __
25.5 em • .• ••• • • .• • . • __ •.• . __ •• ._. •••
26.5 em •. __ •. . ••. •• • •• ~_. •• •.
27.5 em • • ... • • •• • • •• . • • . •. __ ._. ••• _
28.5 em .____ I . . ... . . __ .. _. . ._ I _. .,. _._. . _
29.5 em .____ I . ._ . . 00 .__ 3 •• • • •.•••• _ .• _
3D.5em .____ 3 I . . ._ 2 .• 2 1 •. _._. ._ •• •• __
3\.5 em_. • __ ._ 2 I . __ ._. ._. . 4 • .____ 13 1 •. __ ._ •• __ ._ ••• _. _
32.5 em .. _. 3 2 • _._.__ I I 00__ 7 10 ._ •• __ •••• __ ._ •••
33.5 em_. ._____ 2 5 • ._.__ 2 2 .• ..• ._ 18 6 ._. ._. •••••
34.5 em_. • __ .___ I 4 • •.•• _.____ 3 ••• • ._ 13 12 2 ._. _. __ . __ ._ •••
3D.Sem_. __ . oo._._ I 4 2 .• 2 5 • •. _ 11 23 3 1 •• •
36.5 em . .____ 2 3 2 . ._____ 10 1 • • •• __ 7 14 3 _._. •••
37.5em_._. • •. _ 2 .__ 8 2 • __ •• 3 21 5 _. • _._. • •
38.5 em.... _._. ._. . ._._. _._.__ 1 4 5 • . •• 4 10 13 _._. ••• ••
39.5 em_ ..• ... .. . _. •• _ 3 4 _. • .• 7 6 1 __ ••. •
40.5 em_ •.•. . •• __ ._.__ 7 . .____ 9 4 __ •• 00

4\.5 em •.• . • . _••• ••• ._. •.• __ 2 I . .__ 9 4 __ ••• _
42.5 em • • • •• ._. ,.,_, _. ._ •• _ 1 I ... .____ 2 4 _
43.5 em •• _. •• • ._. ••• _ 2 1 _.____ 1 3 I .
44.5 em • __ : __ • •• __ ._. ._. 2 2 ••• • .____ 1 5 I .
45.5 em_. . • ._. • • ._. ._.__ I .... . .. .____ 1 , _
46.5 em ._ •.• • •.• ._. .• • •.• • ..... •• •• _ 1 3 1
47.5em • ._. . •. _•• • •• • •__ • •• _•• __ • ._. __ •• _. ••• ._. ••• • __
48.5 em • ._. ._. ._. • ._. 00 • • •• ••• • .___ I 1
49.5 em .. • __ .. _. __ . ._ •• • ._. .. _. •.• __ •• .__ I

TotaL____________ 16 20 6 . I 15 32 23 7 2 1 82 106 55 27 6 3
Mean length (cm.) . 32.5 34.2 36.5 . 23.5 33.3 36.9 39.3 43.6 44.5 43.5 . 33.9 36.0 39.4 42.8 46.0 48.2

====================
19A4

First quarter:
24.5em __ ••. __ •• • •••••• • • •• •• ._. •• _. •__ • .__ 2 _. •••• __ •••••• _••• _. • __
25.5em __ •• __ .•• •• ..••. • ._ •••• • ._. ~ • ._. _. •••• ••• __ •__ ••• ••• __ •• __
26.5em __ •• __ •.• •• __ ._ .•.• . __ •• _. _. __ • __ ••• •••• • •• ••• ._•• •• _•• •__ ._ ••• _
27.5 em._. __ ._ ••• I •••• .• __ . __ •• ••• ...••• • • .__ 1 _. •• __ •• _. '." _
28.5 em ._._._ ••• __ •• • • • _•• ••• _. •••••• • • 1 .•• ._ •• • __ .'" _
29.5em •• _. ••• ._ . ._ ••• •• •• • • 1 •••• • '" _
3D.5 em . __ ••• .•• ._ • ._ •• .'" .• • • ._. 1 •••• _••• ••• ••. _
31.5 eDl_.____________ 1 • . • ._. • • ••• 4 •• _._ ••• •••• ••• _
32.5 em_. .__ 1 __ • • ._ .• •. ._. _. __ •••• • ••• 4 2 __ •••• _. •••• • _
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TABLE D-l.-Length and age frequencies of yellowtm'l: Southern New England stock, by year, quarter, an.d se-x-Continued

Male Female Sex undetermined

Length or fish
I an- 2 an- 3 an- 4 an- 5 an- 6+ 1 an- 2 an- 3 an- 4 an- 5 an- 6 an- 7+ 1 an- 2 an- 3 an- 4 an- 5 an- 6 an- 7+

nulus null noli null nuli an- nulus nuli null nuli .DUIt nuli an- nulus Duli DUIt Duli Dull null an-
Dull null null

--------1----------------------------------------
,~."-\;on.

First quarter-Con.33.5em • .. _ 1 ._ 2 1 . _
34.5em .• .___ 1 2 • . ._ • • .___ 1 1 1 . _
35.5 CUI • •• _ 3 _. ~ 1 5 • __ . ._ 1 3 1 1 . _
36.5em • . • 1 ._ 2 __ .___ 1 • ._ 3 1 _
37.5CU1_. ._.. 3 1 _. ._____ 1 • . • _
38.5CU1_. • ._ 1 . .____ 2 .• _ 2 _
39.5 CUI • •• ._. .__ 4 2 • __ • .___ 1 2 _
40.5CU1 " . __ • ._ 1 ._ 2 2 • ••. . _
41.5 eID • • ._ 1 . .__ 1 _
42.5em • • .__ 2 ._ 1 1 . _
43.5 em • . .____ 1 1 _
44.5 eID • 1 1 . _
45.5 em • • ._ 2 • _
46.5 em • . ._____ 1 . • . _
47.5 em . • . . • • _
48.5em •. ._ . ••• . .____ 1 _

TotaL __ ._________ 1 5 9 5 2 14 7 2 5 • __ .__ 18 12 8 3 2 _
Mean length (eID.)_ 27.5 33.7 35.7 37.9 . 36.0 37.9 41.4 43.0 44.7 .• 31.0 35.6 38.4 38.2 46.0 _

====================
Second quarter:28.5 CUI ._._ 1 • ••• __ • • • • • ._. •

29.5 em ••. 1 4 • • _
3O.5CU1 .• _ 2 12 .___ 2 . • _
31.5 em .____ 11 5 • __ . • _
32.5 CUI .____ 12 • •. __ 13 • _
33.5 CID .________ 3 • .__ 16 . _. • • _

rs:g :::::::::::::::: :::::: :::::: ~_ ----il- :::::: :::::: :::::: :::::: 1~ ------ ---T :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::36.6 em______________ 1 2 3 _
37.6 CUI __ • • .__ 2 ._ •. _
38.6 CID __ • ._ 1 1 , . . _
30.6CU1. ._. • 2 . _
40.6 CUI • • • ._ I • ._ • _
41.5 em • . ._ . _
42.5em • ._ 1 . . ._
43.5 em ._. . ._._ 1 . • _

TotaL .______ 4 47 4 1 1 58 3 4 2 .. _
Mean length (em.) 29.8 31.8 36.0 38.5 31.5 33.6 37.8 39.2 42.0 . . . _

======================
ThIrd quarter:28.5 CUI______________ 1 • • • .__ 1 .___ 2 _

29.5 CUI .____ 1 3 _. • __ .. • • __ • . _
30.5 em______________ 2 7 •.. 3 1 _
31.6 em_. ._._. .___ 9 .__ 7 _. . 1 1 • _
32.5 CUI • 1 D _. ._ 9 ._ 1 _
33.5 eID .__ 4 ._____ 13 1 _
34.5 em , . 4 1 . • .___ 11 . .• _ 2 1 _
35.5 em • ~----- .___ 7 2 • • • • _
36.6 em______________ 1 .___ 2 2 . . _
37.5em______________ 2 • ._ 2 3 . ._. __ • _
38.5 em . . .___ 7 • ._ 1 _
39.5 eID______________ 1 1 1 4 • _
40.6 em . __ . .. . .. 2 • • • _
41.5 em .. • • ._ • .___ 1 1 . _
42.5em______________ 1 1 . _
43.5 em . . • • . • _

:U~:::::::::::::: :::::: :::::: :::::: :::::: ::::.:: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::~:46.5 CUI ._. • • ._. • • • •. _ • . _
47.5 CUI • • •• • __ .___ 1 _

----------------------------------------
TotaL.___________ 5 36 6 3 57 17 7 __ .___ 1 6 5 2 • ------ ------
Meanlength·(CID.) 30.3 31.9 37.1 • 31.5 33.8 38.2 40.1 __ : 47.5 31.2 33.3 36.5 •

====================
Fourth quarter:20.5 em • 1 • _

21.5 em • •• • _
22.5 em••••••••• _. •• '_••• ' _••••••_._. • __ • • • • ------
23.5 em • • _
24.5 CID : _
25.6 em . • _
26.5 CID • _
27.6 em______________ 1 1 • • _

~:~ :::::::::::::::: :::::: .g :::::: :::::: :::::: :::::: :::::: ----3- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::30.5 em______________ 5 3 • • • _
31.5 em______________ 3 3 4 1 • _
32.5 em • 3 8 4 1 _
33.5 em._____________ 1 11 1 • 3 1 • • _
34.5 em______________ 1 7 1 4 12 • _
35.5 em______________ 1 7 1 . . 2 12 1 • __ • _
36.5 em • 2 1 • • 12 1 •• • . _
37.5 em .__ 2 D 1 .. • • _
38.5 em c_____ 2 10 4 . •• ------
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TABLE D-l.-Length and age frequendes of yellowtail: Southern New England stock, by year, quarter, and 8ex-Continued

Male Fel1lale Sex undeterl1llned

Length of fish
I an- 2 an-I 3 an- 4 an- 5 an- 6+ I an- 2 an- 3 an- 4 an- 5 an- 6 an- 7+ I an- 2 an- 3 an- 4 an- Ii an- 6 an- 7+

nulus nuli null nuli nuli an- nulus null null Duli nuli nuli an- nulus null nuli null null nuli an-
nuli nuli null

-------1----------------------------------------
1944-Con.

Fourth quarter-Cout.39.5 elll .• . .____ I 7 13 • _
40.5 el1l •. _._. ._ I .___ 2 6 2 • • •• _. -- _
41.5 ern_. .____ I 3 7 ._ • _
42.5 el1l • ._. 3 6 1 • • .
43.5 el1l •• • • . 2 2 • • • __
44.5 el1l • • . I I 8 2 • • __
45.5 em • • 5 • • _
46.5 em . . ._ 2 I . . _
47.5 el1l • .__ 2 • • _
48.5 em " • •• __ . • _
49.5 el1l • . ._. • •__ . .__ I _
50.5 el1l • • __ •• • . • ._ I _. . _
51.5 el1l .. • • .____ I _

TotaL_. .____ 2 26 38 10 I 23 67 33 18 20 6 •• _
Meanlpnr;th(em.)_ 24.0 30.6 33.8 37.4 39.5 32.4 36.6 39.9 42.1 45.0 47.8 • •

=-===================
1946

First quarter: .24.5el1l .. I . . .. . ._. .
25.5el1l .. 3 .. .. __ I .. _
26.5 el1l_~ .____ 7 I ._____ I I . . _
27.5el1l______________ 7 1 • . . __ . _
28.5el1l______________ 7 2 1 . __ . .. _
29.5el1l. .____ 3 7 I . . .. .. _
30.5 el1l______________ 5 . __ .___ 2 ------
31.5el1l .____ 1 15 2 .. __ 3 __ . . _
32.5 el1l . . 17 6 1 .. __ 18 2 . ------
33.5el1l______________ 10 15 1 ,_____ 11 2 _
34.5 el1l .____ 12 13 4 I 19 4 .• _
35.5el1l______________ 15 29 6 8 12 1 . . _
3r..5el1l______________ 3 22 14 __ .___ 12 31 3 . __ - _

~:g ~:::::::::::::: :::::~ ~_ 1~ I~ ~ :::::: :::::: ~ ig & ~_ :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
39.5 el1l______________ 3 7 2 32 22 1 .• ._ ------
40.5 em______________ 2 2 4 14 27 6 .. ------
41.5 em .____ 3 I ._____ S 26 10 I . _
42.5 em .____ I 2 39 30 2 _
43.5 em •. . ._____ 1 16 26 9 • _
44.5em __ . . I 3 10 8 . - _
45.5em . • . ,_ 3 5 28 . . _
46.5em __ .___________ I 2 19 ._. __ .•. ---
47.5el1l • .. . .. __ 2 13 . . __ .. ----
48.5 em __ .. . • __ .• ._____ 3 . -- ------
49.5el1l __ . . . • .• . . .-----
5O.5el1l._____________ 4 __ . .. . • .. ,-_. __

TotaL .___ 29 90 lOS 61 10 5 891M 158 93 87 .-----
Mean length (em.)_ 27.5 ~3.0 35.6 37.5 38.5 , 27.5 34.8 38.1 41.2 43.0 45.9 , .

====================
Second quarter:25.5 em______________ I . _

26.5 em .__________ 2 • • ------
27.5 cm . ~__ 2 • _
28.5 em______________ I . _

~:i E~::::::::::::: :::::: ::::~: ~ ::::i: :::::: :::::: :::::: :::::: ---T :::::: :::::: :::::: :::::: :::::: ::::~: :::::: :::::: :::::: :::::: ::::::
32.5 em______________ 6 I 6 . ------

~U ~:::::::::::::::::::: :::::: ~_ ~ :::::: :::::: :::::: :::::: ~ ---T :::::: :::::: :::::: :::::: :::::: ::::;: :::::: :::::: :::::: ::::::35.5 em______________ 1 1 ._____ I 4 ------
36.5 em______________ 1 2 2 ' ------
37.:; em______________ 3 4 ------

=:g ~:::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ~ ----j- ----j- ----j- :::::: :::::: :::::: :::::: :::::: :::::: ::::::4O.5em ._____ 1 1 1 . _
41.5 em .. ._____ 4 1 • ------
42.5 em_. ._____ 2 1 3 ------
43.5 em ._____ 2 ------
44.5 em ._____ 2 __ • ------
4:;.:; em_. • • • 2 _
46.5 el1l .__ 1 •• ------

Total._____________ 7 14 17 I, 19 17 9 4 12 .--.--
Mean leDl':th Cem.) 27.4 32.0 33.6 36.6 • 33.7 37.0 40.9 41.0 43.4 ------

=-==----====-================.=..======
Third quarter:

23.5 em______________ 1 ------
24..~ em______________ 1 ------
25.5 em______________ 1 • ' .-----
26.:; em_.____________ 1 1 ------
27.5 C)Il----.--------- 8 • • ------ ------
28.:; em______________ 13 .____ 4 ------

::g ~:::::::::::::: :::::: ~ ----j-I:::::: :::::: :::::: :::::: ~ :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
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TABLE D-l.-Length and age frequencies of yellowtail: Southern New England stock, by year, quarter, and sex-Continued

Male Female Sex undetermined

Length of fish
I an- 2 an- 3 an- 4 an- 5 an- 6+ 1 an- 2 an- 3 an- 4 an- 5 an· 6 an- 7+ I an- 2 an- 3 an- 4 an- 5 an- 6 an- 7+

nulus nuli null nuli null an- nulus nuli nuli nuli nuli null an- nulus null null null nuli null an-
nuli nuli nuli

4 • • • • __ • • • •

4
8
2
5
1
1
2

-------1----------------------------------------
1946-Con.

Third quarter-Cant.31.5 em .____ 28 4 2 _.____ 36 • _. • • _
32.5 em • .____ 15 18 8 .__ 29 I • • • •• •
33.5 em_.____________ 5 24 9 _. • • 17 6 1 • • • • __
M.5 em_. • 12 11 ._._ 11 17 R •• • _
35.5e01 -'.___ I 4 8 .__ 23 20 16 • • • ••
36.5 em_. ._ I 2 _.____ 12 26 1 • •
37.5 em • ._ ._____ 3 • • __ ._ 7 43 8 • • _

~:~ ~g:=:============ ====== ===::= ====== ~ ====== ====== :===== ====== ~ n i ---'j' ====== ====== ====== ====== ====== ====== ====== ======40.5 em • • • • • • 3 8 4 • _
41.5em_. • ._ ~_. • .____ 8 4 1 • __.• _
42.5 ern • • • • ._____ 2 2 3 2 ._. • •
43.5 em ._._ .. ._. • • • .__ 1 2 • • _
44.5 em • __ • • •• _•• • ._ 1 • • __ •. _
4•.5 em • • • 1 ._. • __ • • •

TotaL.____________ 2 145 64 45 .__ 2 149 69 134 4Il 15 3 ._. • _
Melin lp.ngth (em.)_ 24.5 30.4 33.4 34.5 25. 5 31. 7 35.7 37.4 39.9 41. 8 12.2 • •

Fourth qUllrter:26.5em______________ 1 • __ . • • .. _
27.5 em.. 1 . ._.. . . . .. . _
28.5 em_.____________ 1 . . . . _
29.5 em .____ 8 •• _ 2 . _
30.5 em_. .___ 1 19 . • ._____ 6 . . _
31.5 em_.____________ 29 4 • 16 . _
32.5 ern. ._ 24 8 1 ._____ 27 2 . . •• . _
33.5 em______________ 17 18 10 29 3 . __ . . . . • _
34.5 ern_. .____ 6 16 19 1 ._.___ 31 6 ..• _.• . . _
35.5em_.____________ 3 7 20 •. 11 10 1 . . __ • __ . __ • • _
36.5 ern • __ . 9 9 2 12 21 17 1 . . • _
37.5 ern ._____ 1 10 3 2 11 35 1 1 , •• _
38.5 em ._________ 1 5 I __ .___ 6 34 I . . _
39.5 ern __ • . .___ 2 4 1 34 11 1 •• _
40.5 ern • .____ 1 1 .____ 2 10 22 1 _
41.5em ._____ 1 5 24 2 _
42.5 ern_. • .. •• _. __ ._____ 2 17 8 1 . _
43.5 ern . .• . . 6 12 .1 . _
44.5 ern __ • .. ._ 3 3 2 . . _
45.5 em . __ ~. • 1 4 4 _
46.5 ern . • . :__ 1 3 . _
47.5 ern __ . •. 3 . _
48.5em . . . .____ 5 . _

. -----------------------------.----- ------------TotaL .. 2 107 65 77 12 1 136 62 138 87 33 19 : _
Mean1ength(em.)_ 28.5 32.0 34.2 35.7 38.2 40.5 33.6 36.4 38.5 41.3 43.2 46.4 _

====================
1946

FIrst quarter:23.5 em______________ 1 • •. . . • • • • •
24.5em • • ... ._. _. . __ . . . . . • __
25.5 em______________ 2 • • • . .. • ••. 00 • _. • __

26.5 em______________ 2 3 • • • _
27.5 em______________ 2 1 2 1 . . . .. . . . _
28.5 em______________ 2 •••• _ 4 • • • • • • __ ._
29.5 em______________ 3 ._ 1 . • • . _
30.5 em______________ 2 1 .___ 1 • . . • __ • __ • __ • • _
31.5 em._____________ I 14 1 •• . 00__ 1 . • .. . . • __ •. _
32.5em______________ I 26 3 . 7 1 . . . .. . . _
33.5 em______________ 27 10 . •. •. 28 6 . . . . . _
M.5 em . . 23 14 . __ . .. 39 2 • _
35.5 ern . 10 18 ._____ 27 9 • _
36.5 em______________ 7 17 5 • 19 15 • . • .. _
37.5 em ._ 13 6 _. . 9 20 4 .• __ • __ . . • .• _
38.5 em______________ 8 3 • .. ._ 3 21 7 1 • __ .. • _
39.5l'!1l ._ 2 I 1 ._____ 9 \I 1 • • • _
40.5 em __ ._._________ 3 2 . • • 4 26 1 _. . • • , _
41.5em .__ I 4 . ._ 3 19 9 . . • _
42.5 em______________ 2 . . ._ 3 15 9 . . __ •. _. _
43.5em • .. __ . . • ._ 9 16
44.5 em __ . . ._ ..._~_. 00_. I 10
45.5em .. _. • .__ 2
46.5ern_~ . ._____ 2
47.5 ern . _
48.5 ern . • _
49.5 ern•. 00_ . • ._ 1
50.5em_. ~____ _ _

TotaL____________ 14 110 87 19 II 11 135 93 90 52 27 ._. . • • ._. _
Mean length (em.)_ 28.0 33.5 35.8 38.2 41.3 28.1 M.8 37.6 41.0 43.2 46.1 __ • ._. . • _

========~=======.====
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TABLE D-l.-Length an.d age frequencie8 of yellowtail: Southern New E-ngland 8tock, by year, quarter, and 8ex-Cont.inued

Male Female Sex undetermined

Length of fish
1 an- 2 an- 3 an- 4 an- 5 an- 6+ 1 an- 2 an- 3 an· 4 an- 5 an- 6 an- 7+ 1 an- 2 an- 3 an- 4 an- 5 an- 6 an- 7+

nulus null nuli null null an- nulus null null null nuli null an- nulus null null null nuli null an-
null null nuli

--·-----1----------------------------------------
1948-000.

Second Quaner:
26.5 em ._______ __., • ._. • • •• ----.- ------ ---.-- .- __ ._ ------ ------ .-. ------

~:g ~:::::::::::~:::::::: :::::: :::::: :::::: :::::: :::::: ---"3" :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::29.5 em • • I __ . • . __ .•_ --.-.- .- -- . --.--. ---- __ .- ._. -- _
30.5 em. •• . •__• .• .• __ .• _ ------ -- ._., ------ ---- __ .-. .- _
31.5 em_. • ._. __ . • •. _. . •__ ._ .- ------ ---- ._. _
32.5 em. • 1 •• • • • • • ._ ------ --. • ._._
33.5 em__ .___________ 4 • • • • ._ ---- __ --. _
34.5 em•. •• • • .__ 2 • • •• ---- __ -- • _
35.5em_••••• • 2 • • ._•• _. ._ 2 __ • • • • • •• _
36.5 em. • • • . __ • • 2 , __ ._._ • • • • _
37.5 em._._•• • ••• • • •• ••• 1 1 • • _
38.5em. • • •• •• • • •. • ._ .-••• • __ • _
39.5 em_••_. • • •• • • • • • • ._ I __ • • • _
40.5 em • • _. • • •__ • •• 1 ._ • • •__ • __ •• _
41.5em • • • • ._ 1 __ ._._ , •__ • • _

TotaL ._________ 4 5 4 ._ 3 1 5 3 .• ._. __ • __ • ._ . __ ._. ._
Mean length (em.). 28.0 33.3 35.0 __ • • • • 28.5 37.5 36.3 40.5 .- •• • • __

=====================
Third Quarter:17.5 em. . ._. • . .____ 1 ------ • . -.----

18.5 em •. • . , . ' • ------ • • ------
19.5 em. ._. ••. __ ._. . ._. . . __ . . ------
20.5 em__ •__ • ._. • . • • -. -.---- -. __ ._ - ------ --.-.- ------ -.---- -.----
21.5 em ._._._. ._ •. _. . . . . . . __ • . __ . -----. . • ------
22.5 em • • • • . . . , _. • ------ . --'-"
23.6em. . . . . ._, . . .__ . ._. . __ .
24.5em . • • • . ._. . • __ ._ . . . __ . . ------
25.5 em . . . . •__ ._____ 1 • . ----.-
26.5 em ' .. _. 4 _. • ._ 1 ._. . __ • . . . __ • . ._ ------
27.5 em ._________ 9 _. • 3 . . ._ • • • --.--.
28.5em_. __ • .__ 33 _. • 11 . __ • . • • -_. • __ . --.--.
29.5em______________ 50 •. 29 .. _ . . • . . •. • ._._ --.---
3D.5em • .__ 63 ._____ 60 • • .• • • .. -- •. --

~~:g~~:::::::::::::::::::: ~ ~ 1~ :::::: :::::: :::::: !~ ----il- -.---: ::::.: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::33.5 em .__ 9 9 8 30 6 2 . . . . __
34.5 em __ ._. ._._ 11 14 1 • 12 10 2 . • . • • • • __
35.5 em ._._______ 2 4 16 1 ._ 4 10 8 1 • • -.----
36.5 em. • .____ 1 12 1 1 4 19 1 , • ._. _
37.5 em. __ ._._.______ 8 1 __ . ._. 1 33 7 • ------
38.5 em. ._.______ 1 2 .___ 4 28 20 • __ -----.
39.5em • • . . . ._____ 12 35 1 . . ------
40.5em __· • • •__ .: . .___ J 3 26 3- • •. --.--.
41.5em . ._ . . ._ 24 5, • ., . --.---
42.5em • , . __ • ._____ 1 10 5- 2 • • . _
43.5em_. __ • . __ • . __ . ._ . . 1 1 4 1 • • ., • • . __
44.5 em •.• • • ._. ._ . .____ 4 1 . __ .• , • •• ._ •• __
45.5 em • • • . __ . • . __ • . _. .. ._____ 1 ._, ._ ._ •• • -.----
46.5 em .•. • __ . • ._____ 1 __ • . •.. • •• • -.----

----------------------------------------TotaL • •. 212 35 73 6 _'_____ 1 281 38- 109 126 22 5 . • ._ •. __ ------
Mean length (cm.) 3D.2 33.8 34.9 36.8 17.5 31.5 35.2 37.7 40.1 42.4' 43.7 _. ._. ---- -_. -_. - -.----

=======-======== === =
Fourth Quarter:23.5em • __ . . 1 . . • • • . • • . • ------

24.5em_. • .• . __ . •• ._. 3 _. __ • • • • •. ------
25.5 em_. • . 1 •. _. __ • . •. • , . .. • • .• ----
26.5 em • . .,_. •• _. ._. • • • • . • • .-----

~:g=:::::::::::::: :::::: A:::::: :::::: :::::: :::::: ----j. -'--j- :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::

~:g :::::::::::::::: :::::: ~ ---.j- :::::: :::::: :::::: :::::: ---io' :::::: :::::: :::::: ::::::' :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
31.5 em ._. ._.___ 47 2 • • •• .,. 24 • • ._., •• __ • • • • - ----.-
32.5 em. • ._ 39 7 1 .,_ 33 2 • .. . • • • •

~U:::::::::::::::: :::::: ~A ~g 1~ ---T '--T :::::: ~: 1~ :::::: :::::: ::::::, :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
35.5 em. • . . __ ._ 1 10 9 5 11 19 • , ._. •• • .--.--
36.5em_. • . _. . 3 10 17 5 4 15 5 1 •__ • __ • • __ •• _•. __ • .- •. --
37.5 em__ ._._. ._. • ••• __ 2 8 11 2 17 16 7 '. • - - •• ---.
38.5em ._. __ • • •• __ ._.___ 4 5 1 , 8 16 11 ----2- :::::: :::::: :::::_ ::::_: :::::: :::::: :::::_ .-----
39.5em_. .. __ 1 5 16 29 3 • • • . ------
40.5 em • • ._ 1 . __ ., • . 2 12 51 1 .,_ . __ • • • ._. ----.-

:~:g ~:::::::::::::::::::: :::::: :::::: :::::: ~ :::::: :::::: :::::: __ .. ~_ ~ ~f It ----j- :::::: :::::: :::::: :::::: :::::: :::::: ::::::
43.5 em • ._._._ • . • ,_,_ 1 7 15 3 •__ . • - ----.-
44.5 em • • • . • .___ 1 2 6 4 . • -.---- --.--.
45.5ClD • • •• •• • ._. •. 4 4 • • • --.-.-
46.5em__ ._. ._._ .• _. •__ • •__ • .__ 1 • . ------ .--.-.
47.5 em • ._.__ ._. __ • • ._. __ • . __ . .. _ 1 __ ._. • •• ---.--
48.5 em. ._ . ._ .. . . __ ._. .. . . __ .. . 4 . - ------
49.5em • •. . • ._. . • ._. 1 . : .-----

5O;:t:-_~~~::::::~:::-.--~- --~~- ---~~. -.-~;- ---~~- ~~ ::- '~- --~~- ::::~ -.-~- .-~;~- ---~~- ~ :::::: :::::: :~::::I:~:~:: :::::~ :~:~:: ::~::~
Meao length (em.l- ~.5 31.8 34.~ 35.9 _37.3 37.5 25.5 33.3 36.7 39.0 40.7 42.8 46.0 ._ ==== .. . ------
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TABLE D-l.-Length Q'nd age .frequencies o.f yellowtail: Southern New England stock, by year, quarter, and sex-Continued

Male Female Sex undetermined

Length or fish
1 an-12 an'13 an· 4 an· San· 1 6+ I an-12 an· 3 an'14 an· 5 an· 6 an- H I an- 2 an· 3 an-14 an· 5an- ,6 an· H

nulns nuli nuli null nnli an· nulus nuli null nuli nuli null an· nulus null nuli nuli nuli nuli an·
nuli nuli null

-------1----------------------------------------
1947

First quarter:26.5em••• _._ •••••• .• __ . • __ ._ 1 . . .• . . _
27.5em•• __ . . ~ •• 1 . . . ._. . __ • _
28.5 em•• __ .. .__ 3 _. . . . . . . . ._. . __ ._., . _
211.5 em•• _.. .____ 1 1 • .__ 5 . . . __ • _
3O.5em•• .______ 1 • ._____ 3 ,_. ,_._. • __ . __ • ._. _
31.5 em•• .___ I 4 . . . . . . • .. __ • • • __ . ._. _
32.5 em•• 5 • .___ 1 _. __ . . . . .. .• _
33.5 em•• .. 6 _. ._ 1 ._____ 8 . . . __ . • .. __ • • _
34.5em•• __ • .... _.____ 14 1 .. __ .. _.• 7 . . . • • . __ • _
35.5 em•• • .___ 3 8 . .___ 9 1 ._._ .. . . __ . . ._. . _
36.5em_. __ . .___ 2 5 4 4 4 1 . . . ._. . __ • _
37.5em_. __ . ._____ 6 1 1 __ .___ 4 7 • . ._. . __ . . • ._ ..
38.5em_. __ . .___ 6 . __ . . . __ .____ 5 1 1 . . __ . • • . ._ ..
39.5 em_. __ . • • • • • . ._ 4 1 1 I . __ . . .. __ . . _
40.5em•• __ . • . .__ 3 __ . . . • . 1 2 5 3 .- -- .- -- • --. • .- • _
41.5em_. __ . . . . 1 .____ 1 3 1 • • • • • _
42.5 em_. . ._____ 1 . "' ._ 1 6 . . •__ .
43.5em•• __ . . • . .____ 1 2 4 . .. • _
44.5em•• __ • . . __ . .. . .___ 3 3 1 _. • -- .. __
45.5 em•• __ • • • "' • • . . 1 1 _. • . • _
46.5 em•• ..• . . ._____ 1 3 _. __ . __ . . • • • _
47.5em•• __ • .• . . . __ • • .____ I 1 _. • . . _
48.5 em•• __ • .. __ ... • . __ • . ._ 2 _, . __ .. . . _
49.5 em•• __ • .. __ . __ • . . • . . • __ ••.. . • _
00.5 em•• __ . • ,. .. 2 _. . . • . .. • _

----------'------------------------- --'- ---.--TotaL._._________ 6 35 29 6 3 12 34 24 18 18 15 __ . • __
Meanlength(em.)_ 29.5 33.8 37.2 37.7 37.5 29.9 3.~.2 38.2 41.8 42.4 45.9 . • ._. ._._

=========== ===========
Second quarter:26.5em ._________ 1 . . __ . . __ " . .. . • . .. _

27.5em••• _. . . .__ 7" . • _.____ 3. . . . • • ._ . • _
28.5 em_._ ..... __ .____ 6 .• , _.. . . . . . __ . __ • .. ._. _
29.5em•• __ ._________ 6 1 . . .__ 7 __ . • . . . • __ .
30.5 em. • .• 4 13 _. .. 5 ,_ .. . . . . ... • _
31.5 em•• __ ._________ 3 6 _. . .__ 7 4 • . _

~U~~~~~~::~:~:~:~: :~:~~: ~ }g ---"2" ~::~~: ::::~: ~::::: ~ 1~ :::~ :::~~: :::::: :::::: :::::: :~::~: ::~::: :::~:: :::::: ::~:::
34.5 em_._ ... . __ .. __ --.___ 7 9 2 .___ 2 29 . • • • ._. • • _
35.5em_. __ • __ . .• 7 5 . . 17 2 . • • . . __ • _
36.5em . __ .___ 3 8 4 . _, __ .. 17 1 . . . . • _
37.5em_. __ • ._._ 4 5 . _.____ 6 8 1 .• . . • . • _
38.5 em_. __ . . . .. __ 3 1 __ • .___ 6 7 • • . • _
39.5em • ._____ 1 4 I . .. . 4 8 3 . • -- -- • _
40.5 em_. • __ • .__ I 26 5 . • . ._._
41.5 em•• __ ._. __ . • . _. • __ . I 13 II ._. ... . .. __
42.5 em._. . . __ . . . . . 7 12 3 . _. • . • _
43.5 em_. __ . ._._ •. __ .. " . •• __ • . __ •__ . . . 2 7 I • • • _
44.5em __ . . • .. _, , . . .__ 6 4 • • ._. • _
45.5 em_. .. . . • __ • "_ 1 4 .. • .. • _
46.5 em_. __ .. • . ._ .. . . .. .__ I __ . ._. • .. __ • . ._. _
47.5em . ~. .• •__ . . .. 1 • . __ • • . . __ . __ , . _. • __
48.5em_._ •• •• :._ .. . • . __ • •__ . . . .. . .. _
49.5cm. __ ~~_._. . _. .~ ~ . ~ __ . ~ . ~ __ • ~ ._~ ~~ __ ._~ __ "; . ~ _
SO.5em•• . . . • __ ._ • .. • .• • _
51.5 em•• . • • . . . ._.___ I _. . .. .• . _

TotaL __ ._________ 31 59 31 23 2 _.____ 34 100 21 65 45 14 • ---- • _
Meanlength(em.)_ . 29.5 32.(1 35.7 37.1 39.0 31.1 34.9 37.9 40.; 42.3 44.9 • • _

===-===================
Third quarter:27.5 em ._. __ . I .. .. _. ._ .. . .. .. ._ .. __ . . __

28.6 em ._________ 8 .. •. __ 1 __ . . • ••• ._ •• •• •• .. __
29.6em. ._._______ 1 12 _. •__ • 12 __ • . • .... . ... .
30.5 em______________ 16 (I .. __ 19 . . •••• ._•. _•• • . _
31.5 em. __ .. 12 10 ._ 35 __ ._. • .. ._ •• • •• • ., __
32.5 ern. ... 7 18 I . .__ 26 8 . • • • .
33.5 em______________ I 15 4 . 17 19 . .. . __ • • •• _
34.5 em._.___________ II 6 I 17 39 . • ._. . . __ ._._
35.5 em..... I 4 I .__ 3 38 __ • •• • __ •• •.
36.5 em. • ._ 4 2 • .. 20 5 • ••• • •• ... •• ••. _
37.6 em. •• ._ .. ._._ 2 __ • ,_._ 2 16 . . _••• •. ._. __ • • • • _
38.5 em._. •• .____ 1 2 __ .___ 1 6 6 • ... . __ . • ..
39.5 em ._ .. . . 1 __ ._ .. •• __ 1 9 •• •• .. _.,. • _
40.5 em . .__ 1 _. .____ 1 9 2 _. • .• _. __ ••• _•• __ • ••• __
41.6em••• . •• • • • __ •• •• __ 13 4 _. •• •• ._. •• _. __ .... ._. •• _.

:~:g ~::~::::::::::: :::::: ::::~: :~:::: :::::: :::::: :::::: :::::: :::::: ::::~: :::::: ~_ ~ ----2- :::::: ::::':: :::::: :::~:: :::::: :::::: ::::::44.5em • • • __ •• •__ . ~_ •• __ 2 1 __ • ••• __ .• •• _.. • ._ , ._
45.5 ern._. •• • • _•• •• • ._ 2 •• •• _. __ ••••
46.5 ern._. ._. •• ._ .• . _•• _. • ••• • _
47.5 ern. • • •__ .. • _•• • . .. • •• • •• • _
48.5 ern•. • . ... ._ 1 • ... _

TotaL. .____ I 57 61 20 10 131 127 29 38 21 4 ._. __
Meaniength(ern.)_ 29.5 30.5 32.8 35.0 37.5 32.1 34.9 37.7 40.3 42.8 45.0 •• _. __"_'

==================.===
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TABLE D-l.-T,ength and age f7'equcncics of yel/oldait: Southern New England stock, by year, quarter, and sex-Continued

Male Female Sex wldetermlned

Length of fish
1~2~3_4~5~ ~ 1_2~3_4_5~6~ ~ 1~2_3~4~5~6~ ~

nulus nuli nuli nuli nuli an· nulus null nuli nuli null nuli an- nulus nuli nuli null null nuli an·
nuli nuli nuli

--------1----------------------------------------
1947-Con.

Fourth quarter:28.5 =. .. .. .___ 1 .. ,__ .. .• • " ..• . •• _
29.5 rm •. 6 .___ 3 • •• __ . •• • .• _
30.5 em. ._ ._ .. __ 6 .____ 3 . . ._. • ••• • ••• _
31.5 rm __ .___________ 26 2 . .___ 6 •. •• •. ._. • • _
32.5 =__. ._______ 17 11 1 20 I •.• • . ••• • _
33.5 ern ._______ 10 8 r 1 19 2 ••• ._. •• •. . _
34.5 em .________ 3 13 I .. 18 10 • ._. •• _.• . _
35.5 em .. 2 7 5 2 ._._ 5 14 2 ._. •• _. • • . _
36.5 CUI • .__ 4 4 I • • 4 16 3 •• •• ••• • •
37.5em ._._____ 2 3 4 . 1 14 5 _. __ . • •• • •. • ._. _
38.5 ern ._._. .. 1 . ._ 2 11 12 • • ••. • . __ • . _
39.5 em . . __ ._._ I 1 3 14 3 • •• __ • •• _. • •• _
40.5 CUI. •• • • .___ I • __ ._._ 2 3 8 3 • •__ . ._. • • _
41.5ern ._. • .__ 1 . ._.___ 2 19 4 __ •. __ • . • ._. •• • _
42.5 ern • • ._ I 5 12 • • • .• _
43.5em .• .• . ._. . __ ._ I 10 • •. .•.• • _
44.5 ern . . . . 2 5 I . ._. .. _. __ . . _
45.6cm ~ .. ._. . __ ~_ 3 . ~~_. ~ _
46.5 em. . ._. ._. •__ .__ 1 • _
47.5em_. . __ . ._. . . . •• ._ •. _. _
48.5 em_. ._ I . ._ .. _
49.5em_. . __ . '. . . . .___ 2 ._. . .• . _

TotaL. .________ 70 48 16 8 2 ._____ 83 73 42 38 34 8 __ • _
Mean length (em.\. 32.0 34.3 36.0 36.9 39.0 . __ 33.5 36.6 38.8 41.5 42.8 46.9 .• . _

TABI.E D-2.-Length arid age frequencies of yellowtail: Summary, by quarter a.nd sex, 1942-47

Male Female Sex undetermined
---,-,---,--,-',-- -------- --------,---.,.--;------;-_.-,._-,---Length of fish
I an· 2 an· 3 an· 4 an· 5 an· ~
nulus null nuli null nuli an·

11ull

1 an· 2 an· 3 an· 4 an· 5 an· 6 an· 7+ I an· 2 an· 3 an· 4 an· 5 an· 6 an· 7+
nulus null null null null nuli an· nulus null null null null null an·

.nuli null
----------------------------------------- ----------
First quarter: I

19.5rm_•• _. •• •••• • •• _._•••• •• __ ••••• _. __ • •••• _•• __ •__ ••••• •••• _._ 1 ••.• •• •• _._ •• _•• _
20.5 rm_ •• _. ._. • ._ ••• • •••• _. ••.• _._. ••• _ ._._.__ •••• _ ._. ..... __ • • • _•. • __ •••• •__ ••
21.5 em__ • • •• ._ ._._. ••••_. •••• _. • • __ •__ ••• _. ••• •• •• _. • ..... • •__ •__ ._ •• __ ._•••

:U ~::::::::::::::::: ----j. :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::~ :::::: '-.-j- :::::: :::::: :::::: :::::: :::::: ::::::

~:g ~:::::::::::::: ~ :::::: :::::: :::::: :::::: :::::: ----j- :::::: :::::: :::::: :::::: :::::: :::::: ·-·-3- ~ :::::: :::::: :::::: :::::: ::::::
26.5 em.• __ ._._______ 9 I _. __ •••_._. __ •••• _ ._.___ 5 1 ._. ••••••_._._ •••.•• __ .___ 2 1 _._ •• _ •__ •••• __ •• _ • ••• , __ ••
27.5 em.• __ ._ •• 10 I . ... .._.. _ ._.___ 4 I ._._.__ ._.:.... " ..._._._ 2 I _ _. __ __... .
28.5 em•• _•• _••• 13 2 ••• _._._ •• _•••• 5 ••••••••• _. ._ •••• __ • __ ._•••_".. I I '_' _ _.. .

::~ ~::::::::::::::::: ~ I~ ----2- :::::: :::::: :::::: ~ '.-"3" :::::: :::::: :::::: :::::: :::::: _...~. ~ ~ :::::: :::::~ :::::: ::::::
31.5 em •.•.. ._ 3 35 3 •• ••••••• _ 1 6 • __ •••• ._' ••• •••_••• _ •••••• 13 2 •• ".'••••••••••_••
32.5 em ••• _. ._ 1 50 10 1 __ ._•••••_._ 1 29 3 ._._._ •__ •• ••• _._ •••••• 9 4 2 __ ._•••••_••• •
33.6 rm __ • .____ 46 28 I 1 ••• _._ 1 49 9 __ • • ••• ••• _. __ ••• _. 8 6 2 __ •• __ ••• _•••_._ ••

~~:~ ~::::::::::::::::::::::: ~ ~ ~ . ~. :::::: :::::: ~ ~ .'.• j- :::::: :::::: :::::: :::::: ~ : l ----j- :::::: ::::::
36.5 em __ • •• _._ •• __ •••• 14 45 25 •••• _ 38 50 .., 5 •• _••••• _•••••• __ •• _ 3 10 3 1 •••• _••••_••
37.5 rm •__ ._._ ._._.. 3 36 21 4 •• _••• •• 18 58 13 1 ..••• c••••_._._ ...--\ 7 I __ ••• __ •• ._.•_.
38.5 em __ ._•• __ ._._._ ._ ••••• ._ 20 17 5 __ ._•.• _._._ 7 51 19 2 _••••• _. __._ .~••• _ 1 4 5 •__ •• •••••
39.5 rm_ •• •• _•• ._••_._.. 5 9 1 _._ •••• _._.. 2 50 36 4 _._ ••• •••••_•• _._... 1 1 5 1 .~ ••_.
40.5 em ~ __ . ._._._ 3 7 4 • ._ 5 23 64: 10 ~ ~_ 1 4 2 __ ~ ~ ~

41.5 rm_ •• ._ •••_. _. ._ •••••_._._ 4 6 __ ._•••_•••• 13 52 24 I ._."_ _._._.._..__ 1 1 •__ ••••••• __
42.5 rm_ •• ._•• __ •__ ._._ ••• ._ 2 2 _.•_•••••_•• 5 59 47 5 ._._••••••••••__ ._ ._••• _ 2 1 3 ••••__
43.5 em_ •• _._. __ ._. ._•• _._ •• __ ._._ ._._•• ._ ••••_._._ 1 26 45 19 • •••••••_., __ ••• _. __ ••••• 1 1 •••• _.
44.5 em••. ._. .•.•• __ ._ •• _. •__ ••• •••••• __ ._._ I 8 25 13 ._. __ ••••••• __ ._._ •••••_ ••_... 1 _••• _•••••_.
45.5 em __ . ._. ..••••_._. __ • ._•• ._ '.' ••.. _._._ ._____ 5 8 42 ._._ •• _••••••_•••••••••• •••• •• 1 _••• __
46.5 rm_. •• • ••• ._ •• ._._. __ • ' •• _ ._._._ ._____ 2 4 28 ._._.__ ._•••• _._. ••• ••••_._ •• _._ ••• _._ •• _
47.5 rm_ •• • ._. ._•• ._._•• __• __ • _.' •••• _•••••• __ ._ ._._.. 3 21 ._••• __ ._•••••• _. __ ••••••_•••• ••• •• ._._
48.5 rm_ •• . • •• •••••• __ ._._ ._ •••••_. ••.• _._ •.• ._ ._••••. _._._ 7 •••••• •••••_•• •••• ._ ._._.. 1 __ •••_
49.5 em•• _•••• _. ._ ._._._ • ._ •••• _•• _._•• _._ ••••••••• • ••• __ ••••• ._ 1 3 _._••••_. __ ••••••• __._•• _•• ._._•.• •• •••
50.5 em•• __ ._. • ._•• __ • •• _. __ ._._•• _._ ••••••_. • _•• _•• •__ ._ ••• _ 8 _••••••_. ••••••_. ••• ._.'•• • •••

Tota!.. ._ •• _._._ 53 252 241 III 24 ._._._ 28 272 298 290 174 147 •••••• 12 64 54 26 13 7 ••• __ •
Mean length (em.). 27.9 33.3 35.8 37.7 39.4 _•••• _ 28.8 34.8 38.0 41.1 43.0 46.0 •• 27.1 32.0 35.4 37.5 40.2 43.5 _

============:.:::.==================

2

1 __ •• ••• _
4
5

2 •• • •••
1 .•• _. •• _
1 • .. _. . _

4 •• _•• _

8
12
26

I
22 • ••• • • • _

13
18
37
16

Second quarter:
24.5 em_. • ••• __ ••• _•••••• • ._•••••_••• ._ • • •••• __ • •••••• 1
25.5 CUI __ • •• _ I __ ._. ._._. •• _•• : •• __ • ••• _._ •• •••• 1
26.5 em __ • .__ 5 • __ •• ••• _. ._... 5 ._ •• ••• ••••• _. ••••• I
27.5 ern __ .___________ 12 ._••• •• _. ._ 9 I _._.... ..... .... 8
28.5 em __ . ._ II I ._._ • ._ 13 1 ••• _. • ._. • 7
29.5 em __ ._._. ._ 10 10 •• __ ._._ 17 4 ••• • •__ ._ ••• ••• 6
3O.5ern __ •. __ ._. • •••• 8 39 _•.••. ••• 17 10 •••• ••• _.____ 3
31.5 em_. __ ••• _. • •••• 3 39 3 •••• ._ 16 28 ••• •••• 6
32.5 em ••.• _. ._ ._ •• __ 3 57 7 ••• 13 59 1 __ •••••_. ••••• ••••
33.5 em_. __ ••••••••••. _•••• _ 2 35 13 •••• 3 85 •• " •••••_•• __ ._._ •• 1

I Age determinations during first quarter were not made for yellowtail with more than 6 annuli.
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, TABLE D-2.-Length and age frequencies of yellowtail: Summary, by quarter and sex, 1945-47-Continued

Sex undeterminedFemale

5 an- 6+ 1 an- 2 an- 3 an- 4 an- 5 aD- 6 aD- 7+ 1 an- 2 an- 3 an- 4 an- 5 an- 6 an- 7+
Dull an- nulus nuli null Dull null null an- nulus nuli Duli null null nuli an-

nuli null null

1 an- 2 aD- 3 aD- 4 aD
Dulus Duli null null

I Mwe
Length ofllsh

--------1----------------------------------------
Second quarter-Con.34.5 em • . ,___ 18 24 2 2 70 4 • . _.____ 23 33 8 5 1

35.5 em • . _.____ S 23 6 . __ .__ 54 12 1 • .,__ 13 27 7 4 2
36.5 em .______ 10 20 8 . •.. 44 23 1 ._. 5 9 13 7 3
37.5 em . __ •• 1 10 7 __ .___ 22 24 9 • • .__ 4 5 8 7 3
38.5 em •. • ._. 4 2 •__ • 7 24 12 2 • .• .__ 2 10 3 2 4
39.5 em . ._____ 1 3' 4 1 .___ 2 21 14 8 1 . .__ 1 5 3 3 2
4O.5em .•__ • •. • .__ 1 .___ 1 4 39 11 2 • ._ 2 1 9 2
41.5em . . • • • • ._._ 1 3 28 14 1 • • • 3 3 4
42.5 em • . • • . • __ . _.____ 4 15 17 9 __ ._. • ._ 1 1 3
43.5 em • . ._. ••. . 1 •• •__ . • ._ 5 14 4, _. __ • • ._. • __ • 2 2 4
44.5 em . . ._. . •. • • •• ._._ 3 6 7 ._. __ • •• 1 ._____ 2 1
45.5 em • •• • ._. •__ . . .• • ,' ._._ 4 9 __ • •__ • • ._____ 1 1
46.5 em . __ • •__ ._. • . • • . . __ • .. .. __ • .••. I 4 . _._.__ 1
47.5 em . • •• • ••• • .. • • ._. ._ 1 I . .__ 1
48.5 em •• •• • __ • •• • • ._ •• • • 1 . • ._.. __ .. _
49.5 em . _. • •. •. . • . ._. __ . •• _. . _
50.5 rm .•• • • •. . • . .. • I _. • • __ . _
51.5em • •. _. • . .. • ._. 1 . __ . . . . _

TotaL • .____ 55 219 104 32 3 ._ 95 3S9 120 128 77 41 34 137 146 59 50 31
Mean length (em.) •. 29.1 32.5 35.2 37.2 38.8 . 30.434.2 37.9 40.6 42.2 44.5 29.0 33.2 34.7 36.6 38.8 39.8

======================
Thirti quarter:23.5em__ •. 1 ._. . • . . . • . . __

24.5 em ~ •... __ 1 . . . . ._. _

~:g~::::::::::::::::: ~~ '---5- :::::: :::::: :::::: :::::: --,--j- ~ :::::: :::::: :::::: :::::: :::::: :::::: ----j- :::::: :::::: :::::: :::::: ::::::

~.g ~~-----.-----.-------- ~~ -.---. -.--.- ------ -----..----- 1~ ---'j- :::::: :::::: :::::: :::::: :::::: ~ :::::: :::::: :::::: :::::: ::::::

~:g ~~:::::::::::::':~~~~~: ~gf -'-;r :::::: :::::: :::::: :::::: I~~ ----'4" :::::: :::::: :::::: :::::: :::::: ~ ----j- :::::: :::::: :::::: ::::::
31.5 em. .. .__ 70 26 4 •. • 145 IS, • • .__ 4 4 • . ._

g~:g ~~:::::::::::::: :::::: ~ ~ ~~ :::::: :::::: :::::: 1~ II ----3- :::::: :::::: :::::: :::::: ----2" ~ ----3- :::::: :::::: ::::::
34.5 em. ._._ 41 32 3 . .___ 42 92 10 ._ .. .. 1 11 2 1 _
35.5em. ._ 3 12 28 2 . __ .____ II 90 28 I •. • 5 3 _. . _
36.5 em. . . . __ .____ 2 21 3 .. .____ 1 43 59 2 . .__ 1 3 __ ..... .. _
37.5em. .. 13 3 .____ 2 17 99 15 __ .. . .__ 7 • .. _
38.5 em.. .. __ 1 3 4 _. . . II 73 31 .• _.____ 2 5 2 _
39.5 em. __ .• . .. 2 1 '•. ._____ 6 41 56 2 . .____ 3 . _
40.5 em. __ . •. . . .. 1 • . 1 9 45 10 •.. .. 1 - __ . _
41.5em._ .. .. . . • .___ 6 47 13 1 ._ . . __ . . _
42.5 em . . • . 1 5 13 16 4 __ ._._ . . . _
43.5 em . ._. .. . .____ 1 3 12 3 __ •. __ . ._. ._ . • _
44.5 rm • . _: __ ._ • . ~ __ •. _. . 1 7 2 __ • __ • •• • • __' • • _
45.5 em •. . . . ._ • . . 1 2 1 __ • • . . • _

:~:g ~~:::::::::::::: :::::: :::::: :::::: :::::: ::::::, :::::: :::::: :::::: :::::: :::::: ~. ~_ -'--2- :::::: :::::: :::::: :::::~ :::::: :::::: ::::::48.5 em. ._. . . .. __ • .. _•. . . .. __ 1 _.,. . . _. . .. _

Total: •. --34322W145U::==--2 578' 366 3342i6~"=-1839~--3 ===
Meanlrngth (em.). 26.2 30.3 33.1 34.9 ,37.1 •. 25.5 31.7 34.8 37,7 40.1 42.4 44.3 __ • 30.1 33.9 37.0 37.2 _. ._. __

===============...:....--====
Fourth quarter:20.5 em.. •__ .__ 1 • • •• _. • • __ • ._. • • • '__ • ._. • _

21.5 em ._. ~__ ••• ._ •__• • ._. __ . • • . 1 • • • _

ra:g ~::::::::::::::::: --'-j- :::::: :::::: ::=~:: ':::::: :::::: ~ :::::: :::::: :::::: :::::: :::::: :::::: :::::: ----j- :::::: :::::: :::::: :::::: ::::::24.5 em. __ ._. __ •__ . . • • ,_ ._____ 3 _. . __ • __ . • .____ 1 • • •• • __ •
25.5 em. ._____ I ., . .'c .'_____ 1 ._. ._. _. __ . •__ • • • .,. __
26.5 em______________ 1 ., • ~c .', __ • __ • •• • ••• __ 2 1 • • • __ •
27.5 em. .________ 1 3 __ ••• :::~ ._: • __ ._._ ._____ 1 1 • • ._._. __ • _
28.5 em •. ._____ 9 1 ._ 2 • __ •• __ • • __ • 2 • • _
29.5em ._______ 35 •__ • • :, _.____ 8 . •• _ • • . __ .___ 6 • • • _

~:g ~::::::::::::::::: . ~_ 1~ 1~ :::::: :::::: :::::: =::::: ~~ '---j- :::::: :::::: :::::: :::::: :::::: 1~ ~ :::::: :::::: :::::: ::::::32.5 em ._____ 89 36 2 1 • __ •. 85 6 1 • • .____ 17 11 • _
33.5 em_. . c•• __ 55 57 17 1 • ._ 101 12 • _.. • • __ .____ 27 8 • • _
34.5 em•• •• .___ 29 54 35 2 1 , 97 40 _. •• __ ._ 24 16 2 ._. _
35.5 em • "__ 9 39 37 7 _. __ • __ . __ ._ 33 63 4 23 30 3,' ~ _
36.5 em •• "__ 6 30 34 7 1 20 75 27 2 ._____ 8 21 '4 •• ., _
37.5 em •• ••• 11 25 18 ._____ 6 62 59 8 1 • 5 31 '5' 1 1 _
38.5 em_. • .___ 4 11 6 3 45 71 12 2 .____ ,719 16 , _
39.5 em_. •• __ • • •• 4 5 1 1 21 82 43 4 •• 12 '9 ::, 2 ._._
40.5 em •• • • .__ 1 2 2 1 __ : .__ 9 '38, 83 5 ._ 2, 13 5 _
41.5 rm . __ • ._. .,_ I 3 1 •. ,_ 1 18 98 .16 -.--2-- ._-_-_-_-_-. __ -_-_-_ •• -_ 1';, 11; 4 -- ---- ------
42.5 em • ._. ._. •••,. 1 • ._.,. 13 :;2' 32 1 '3 9 • __
43.5 em ._. • • • __ • • • ._ 2 18' 40 5 •__ • __ ._ 1 ,1 6 1 _
44.5 em_. .. • •• • •__ .c .__ 1 1 10 25 8 , •__~, __: ' ..: 11 6 4 _
45.5 em •• • • ., • • • 2 13 8 .__ • • ,._. 5 3 2
46.5 em_. • . •• _. • ,_._. • • • • ' 5 4 '''.,._ " • . 1 3 1
47.5crn_. •• •• •• • . ._. • • __ .• __ • '___ 2 4 _, • __ • . __ .__ 2

48.5 em . __ • --.--- ---.-. ----.- ------ ------ .----- •.• --- --- •• - ----.- --.--. ------ .-.--- 9
2
, --_'-_._-_: ._-__--••• -_ ._-_-_._-.- -_-_-._--_ :_--.-_-_-__ .• _~ ~49.5 rm • •• . . ._. ._. • • ._. _

50.5 em . __ • ._. _._ .• • . . • __ . • • __ .___ 2 •. ., ._. . • _._' _
51.5 em._. • • ••• _. __ •__•. _. • • • .. • ' I _._. ._. . ._

----------------------------------------
TotaL •. __ .___ 6 421 247 168 53 6 7 438 330 316 328 145 45 5 147 156 69 40 13 7
MrsD length I I

(em.) __ • 26.5 31.9 34.4 35.9 37.6 38.5 24.8 33.3 36.7 39.0 41.1 43.2 46.4 25.3 33.6 36.4 39.5 42.6 44.9 47.1
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E. YELLOWTAIL .LARVAE TAKEN IN 1932

TABLE E-l.-Yellowtail larvae caught d'uring cruises 1 to 7
oj the Albatross II, in 199!!

(Numbers In parentheses Indicate stations for which complete data are
available In Sette 1943, pp. 216-219; fractions Indicate part of haul sorted'
for small and large larvae; adlusted totals represent number of larvae per
17.07 square meters of sea surface; :ree Bette (1943, pp. 211-215) for method
of computing]

TABLE E-l.-Yelloll'taillarvae caught during crltises 1 to 7
oj the Albatross II, l:n 199!!-Contillued

Count uflarvae Totallarvae
Station and haUl

Small Large Small Large
-----------1--------

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

Adjusted total ... .__ 0 0
Station V (21382). May 8;

Upper haul:
200/2000••••••••••_•••_....... 0 •••• 0
Remainder. _. _••• __ ••••••••••• ,_•• __ 0 •••••••• 0

------------
.AdJusted totaL._•••••••••• _••_•••••..••_ ••_. • 0 0

Station VI (21831), May 8:
Upper haul:

112/1000••••_•••••••••••_. __ •• __ ••0 ._ ••• 0
880/1000•• __•••••••••••••• __ ._ 0 0

Lower haul:
112/1500_••_•••••••••••••• __ •• 0 ._______ 0 """ __
1888/1500 ••••••••••• •• __ •••• __ 0 •••••••_ . 0

-----------
Adjusted total_ ••••_••••••••••••_ •• •••••••_.. 0 0

Adjusted total. . .. . 0
Station III (21834), May 8:

Upper haUl:100/2000 ... 0 __ ._____ 0
Remalnder . ... 0 0

Lowerhanl:80/1600 ._________ 0 ... 0 _
Remainder. ._______ 1 I

------------
Adju.~ted totaL .. .___ 0

Station IV (21838), May 8:
Upper haul:

160/lrooo.. ••• 0 ... 0
Remalnder ..•. : 0 0

Lower haul:
240/1200 __ • •••••••• _._ 0 .... 0 _
Remainder. . ••••.. __ 0 0

CRUISE 1

Martha's Vineyard:
Station I (2182i), May 2:

Upper haul:112/1500 ••• _ 4 54 ._
1888/11iOO_____________________ 2 ._______ 2

------------AdjustedtotaL . .. 38
Statton II (21828), May 2:

Upper haul:112/1500 .____________ G 80
1388/1500 ._____ 7 .__ 8

Lower haul:
112/1500______________________ 3 40 _•. _
138ll/15OO ••• ._____ I _

------------Adjusted totaL . ._______ 76
Station III (2182\1). May 8:

Upper haul:112/1500 .________ 0 0
1888/1500 •• 0 0

Lower haul:66/1500 "••• 0 0 _
1444/1500 ... 0 '0

------------Adjusted total ._____________ 0 0
Station IV (21830), May 8:

UPPP.T haUl:112/1500 • .___ 0 ._______ 0
1888/1500 .___ 0 •• _ 0

Lower haul:
56/1000_______________________ 0 0 _
1444/1500 ... 0 0

-----------Adjusted total. ._____________ 0 0
New York:

Station II (21885), May 4:
Upper haul:

40/1600_______________________ 0 .. 0 _
Remalnder ._________ 1 1

Lower haUl:60/2400 .______________ 0 0 _
Remalnder .________ 0 . 0

ooAdjusted totaL • _

Adjusted totaL •. _. •••.•••••••• •__ ••••_._. 0
Station IV (21840), May 4:

Upper haul:

~!~liidei.-.-~==::====~=~=::: ~_ -----"0" .. ~. -·--··-0
Lower haul:

80/1000 ••••••_.__ ._. __ ••• __ 0 _. •• 0 ••• __.,.
Remalnder .• _••• •••••_ 0 •• _. __ •• 0

Adjusted total •.•...• . ..• .______ 24 4
Station V (21342), May S:

Upper haul:
80/1000•••••_._•• __ ._._________ . 0 __ ._____ 0
Remainder _•.. . .... __ 0 _.• . 0

Lower haul:
100/2000_ •• __ •••• ••••• 0 ._ •• _.__ 0 ._ •••• __
Remalnder •• .___ 0 . 0

Adjusted totaL__•• == ...:_ --0- ---0

Station VI (21341), May 5:
Upper haul:100/2000__ •••••• • 0 0

Remalnder ••.• ._. ... __ 0 ._ 0
Lower haul: AIL .. _•• . .. 0 0

Adjusted tptal ...•..• • .___ "62 10

Station IV (21343), May 5:
Upper haul;

100/1000 ••••• 2 _•• 20
Remainder ..•. ._______ 4 __ .___ __ 4

Lower haul:
160/1000•••••••• •• 2 • 19 •• _
Remalnder••_. .____ 2 .. _ 2

Adjusted total••••_._._ •••••••• __ "'_"" •••••• __ 0 0
Atlantic City:

Station I (21837), May 4:
Upper haul:

120/1200•••• •__ ••••••_•• _ 13 _••• __ ._ 130 •••• _._.
Remalnder ._. ._•.••••_ •__ ••••• 7 •• , •• 7

--- --------
Adjusted totaL __••••.•••••• "'__ '" •••• 91 5

Station II (21388), May 4:
Upperbaul:

00/1000••__ •••_••••••••• __ ._.. 12 _•••• _._ 200
Remalnder •••••.•••• ••• 2 •• •• 2

Lower haul:
80/1600__ •••••• ._••••••• _ 11 _•••• 220 ••
Remalnder. ._. __ ••••• •••• 3 ._.. 3

Adjusted total. •••••• •__•••••• __ •••• 476 73
Station III (21344), May 5:

Upper haul:
160/1500•••••••• ••• • • 1 9
Remalnder .•_. . .. 0 0

LowerhBul:
200/2000•••••-.-•• ----_________ 9 90 ._.... __
Remalnder ..•. ... .. _ 16 16

Adjusted total.. _•• •••• • .••• _._._... 0 0
Cape May:

Station II (21345), May 5:
Upper haul:

100/2000••••• •••••••• __ ._.. 34 _•••••_. 680 ••••_•••
Remainder__ •• ._••••• , ••,., 104 ••_. __ •• 104

Bamellat:
Station I (21836) May 4:

Upper haul:
240/2400••••••_•••_•••••••_... 0 •••• 0 _•••••••
Remalnder_ ••••••••••••••_•• """" 0 __ ._.... 0

Adjusted totaL •• •• __ •• _. ••••••••••_. 260 3
Station III (21839), May 4:

Upper haul:
200/4000•••••• ._•• •• __ 0 ••••• 0
Remalnder•• __ ••• __ • •.•• _•• ._ 2 ._______ 2

Lower haul:
80/1600 •••••••• ••••• 0 _•• _•• __ 0 ••••
Remalnder•. __ ••• •.• •• 0 •• 0

CRUISE I-Continued

Small Large Small Large

Count of larvae Total larvae
----- -_._...,----Station and haul
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TABLE E-l.-YellolOta-illarvae caught during cruise8 1 to r
of the Albatross II, in 1932--Continued

TABLE E-l.-YellolOtaillarvae Caltght dun:ng cruises 1 to 7
of the Albatross II, in 193e-Continued

Coont of larvae Total larvae
Station and haul

Count 01 larvae Total larvae
StatIon and haul

Small Large Small Large Small Large Small Large
-----------1--------

CRUISE I-Continued

Fenwick:
Station I (21346), May 5:

Upper haul:
180/1800 ••••__ •• .______ 24 __ .• 240 _. _

. Remalnder ....__ • .__ 46 ._______ 46

CRUISE 2-ContlDued

Montauk Point:
StRtion I (21375), May 15:

Upper haul:56/1000 .___________ 9 .____ 161 _
94411000_ •. • •• _.__ 7 7

Adjusted totaL ._ .• . .. 7
Station II (21351), May 6:

Upper haul:
1000/3000_. • •• 13 __ ._ •• __ 39
Remainder . . . ._ .. . __ . _

Adjusted total... • ._ 0 2
Chesapeake Bay:

Station I (21352), !\Iay 6:
Upper haul:

300/1000. • __ :.______ 3 .___ 10 __ • _
Remainder.... • . .. . . .. _

Adjusted totaL ._____________ 249 65
Station II (21348), May 5:

Upper haul:
260/3000 •• .______ 0 .___ 0
Remainder .. 17 17

Lower haul:
200/1500 ••• . .______ 6 45 __ • __ •• _
Remainder • ._. 26 26

Adjusted totaL. . .___ 1,426 10
Station II (213~0), May 16:

Upper haul: .
56/1500. .______ 0 ._ 0
144411500 ._.____ 1 __ • _

Lower haul:
. 56(1000. • •• 2 ._______ 4 __ ••. _

944/1000 .______ 0 0

Adjusted totaL .____ 23

New York:
Station I (21369), May 14:

Upper haul:
5Ii/l000 •• . • 33 ••• 590 • •
lH4/1000__ . • __ ••• __ 15 • . 16

-------------Adjusted totaL . .. 413 11
StatIon II (21370), May 14:

Upper haul:
56(2250_ .••• .______________ 16 ••• __ .__ 643
2194/2250._. .. ••. 75 _. __ .___ 77

Lower haul:66/1250 •• 33 .___ 736 - __ • _
1194/1250 • ._.. 38 ._.__ 40

Adjusted totaL_. ... •• __ 113 5
Station II (21376), May 15:

Upper haul:
56/1000. • ._. 1 •• 18
944/1000•• •• • .__ 16 19

Lower haul:
56/1000 • • • 0 __ .__ .__ 0 _
94411000 •• __ 2 •• 2

Adjusted totaL_. • .. 11 12
Station III (21377), May 15:

Upper haul:56/1500. __ .___________________ 0 0
144411500 • .. •• 0 _... 0

Lower haul:
~~r500::::::::::::::::::::: 0_ -- - -0- ._~_ -------ii

Adjusted totaL __ . . . .. _.. 5
Statton II (21373), May 15:

Upperhanl:
56/1000 -'_______ 0 ._______ 0
944/1000._. .____ 0 __ _ 0

Lower haul:
5611000_______________________ 2 36 •
944(1000_.____________________ 2 _. __ ._.. 2

Adjusted totaL . .. _. .• .. _ 854 72
Station III (21371), May 14:

Upper haul:
56/1000 •• 3 _. •• _ 54
944/1000 • •• 29 __ ._._._ 31

Lower haul:
56/1000_______________________ 4 71 _
944/1000 •• •• 9 __ ._. __ • 10

-------------Adjusted totaL . ... 78 25

StatIon IV (21372), May 15:
Upper haul:. 112/2000 .__ 0 ._. •• 0

1888/2000.----------------.. -- 0 __ . ._ 0
Lower haul:

11211500 ._ ••• _ 0 __ ••••• _ 0 --.-. _
1388/1500. •• •••• _._.__ 0 __ ••• 0------------Adjusted total.. ._ ... ._____ 0 0

Barnegat:
Station I (213ll8), May 14:

Upper haul:
2811000__ • • • ••• _ 33 _•• _.. _.. 1,180 --------
972/1000 ._._ •• • __ •• __ 48 ._._ 49

------------
Adjusted total...________________ 826 . 34

. Adjusted totaL __ . . 0 0
Shlmlecoek:

Station I (21374). May 15:
Upper haul:

112/1000 ••• 1 ••• _ 9 _. __ ._._

Lo\Vs:~~;-.. ----------.--.---- ------.- 1 --.-.--- 1
56/1000 •• 0 _.______ 0 _
944/1000_._· •• __ • . •• 5 • __ .. 5

o

o

o

o

356 _

78

168 32

Adjusted totaL __ • . .• • _

Adjusted totaL .• . ._ .. ... _

CRUISE 2

Martha's Vineyard:
Station I (21381l, May 16:

Upper haul:
56/1500. ... 59 ._______ 1,580 _
144411500 • ._____ 14 15

Lower haul:
56{125O. • .______ 33 737 •
1194/1250. .______ 11 __ ._____ 12

. Adjusted totaL: . . ._.__ 27
Station III (21350), May 6:

Upper haul:
50012000 • • .__ 0 .___ 0 _
Remalnder .. ._._ . ._ ... _

Lower haul:
1/10 •• • • 0 0 •
AIL • • . • ._ 0 0

Adjusted totaL . • . 28 26
Statipn III (21349). May 5:

Upperhanl:
160/3000•• • . 0 .____ 0
Remalnder • . ._ 2 2

Lower haul:
260/2000•• -------- .______ 0 •__ . 0 . _
Rem"lnder. .. ._ 2 • .__ 2

Adjusted totaL . __ . • .__ 3
Statton III (21379), May 16:

Upper haul:56/2000 .______ 0 • •• _ . 0

Lo~:1!~-.-------- .. --.---- - 0 -.----.-- 0
56/1500__ • : .____ _ 0 .___ 0 _
1444/1500•• • •• 0 _.______ 0

Adjusted totaL....._. . . _
WIDterquarter:

Station I (21347), May 5:
Upper haul:

80/1500 __ •••••• .____________ 19 __ •• _
Remainder .... . .______ 78
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TABLE E-l.-Yellowtaillarvae caught during crui8e8 l to 7
01 the Albatross II, in 19Se-Continued

TABLE E-l.-Yellototaillarvae ca1tght during Crlti8e8 l to 7
01 the Albatross II, 1:n 19Se-Continued

Station and haul
Count of larvae Totallarvae

Station and halil
Count of larvaeI Totallarvae
--- ------

Small Large Small Large
------------,--- -----------

Small Large Small Large

Adjusted totaL. .• __ . ._._____ 169" 8
Station II (21366), May 14:

Upper haul:
50/1000 ._ 3 _, ,,_ 54
944/1000______________________ 18 • 19

CaUISE 2-Contiuued

AtlllJltlc City: •
Station t (21367), May 14:

U ppp.r haul:
56/IIiOCI-. •. _.___ 9 .___ 241 _
1444/1500_. •• ._.__ 11 _.. ._ 11

Adjusted total.__________________ 0 2
Station IV (213641, May 14:

Upper haul:156/1500 . .________ 0 ._______ 0
1444/15110 ._______ 1 ._

Lower haul:56/1500 .. .. 0 0 _
1444/1500. . ... _. .___ l' _

Adjusted total. .• • 39 13
Station III (213f05), May 14:

Uppnr haul:
56/1500. ._________ 0 .___ 0
1444/1500 .. .• _ 1 _. ._

Lower haul:56/1500 --. 0 _, ,__ 0 _
1444/1500.____________________ 1 _

oo

AdJuste.d totaL . • •• 0 0
Station II (21354). May 9:

Upper haul:116/1500 ._____________ 4 107
1444/1500._. .• _ 37 38

Adjusted totaL . . _

CaulSE 3

Martha's Vlnerard:
Station I (21382), May 19:

Upper haul:
56/1000 .___ 76 ._._____ 1,357 _
944/l000 .__________________ 14 __ .. 15

Lower haul:
56/1000_______________________ 19 •. _ 339 • _
944/1000__ .. .- .___ 28 _••• 30

--------- '---Adjusted totaL. . .• •• 1,131 28

Station II (21383), May 19:
Upper haul:56/1000. __ .___________________ 2 .__ 36

944/1000__ ._. --______ 0 • 0
Lower haul:

~~Wg>xi::::::::::::::::::::::---.. -~- -'--'"3" - ~_ -------a

CaUISE 2-Contlnued

Winterquarter-Contlnued
Station III (21356), May 10:

Upper haul:56/1000. • __ . .__ 0 0 _
944/100. . . __ ._._____ 1 .____ 1

Lower haul:

~~W~::::::::::::::::::::::.. ----~- ·-----a- ~_ --'----a

Adjusted total. • .__ 75 27

Station III (21355), May 9:
Upper haul:56/1500 ._______ 0 __ • __ :__ 0

1444/1500_. ._ .• _ 0 0
Lower haul:56/1500 .__________________ 0 ._ 0 . _

1444/1500 .__ 0 0

Adjusted total.. . .________ 0 3

Chesapeake Bay:
Station I (21353), May 9:

Upper haul:56/1000. .___ 0 0 . _
944/1000. .. . ._ 0 0

Adjusted totaL __ . . ._. ••• _ 45 2

Station III (21384), May 19:
Upper haul:56/1500 • • 0 .___ 0

1444/1500. . • _•••• 0 _.______ 0
Lower haul:56/12.';0 • . • 0 0 ••

1194/1250 • . __ ._____ 0 .. 0
------------AdJusted totaL. • _..• .• __ 0 0

Montauk Point:
Station I (21387), May 20:

Upper haul:56/1500 • .. 0 . .__ 0 •
1444/1500. . . .____ 0 ._______ 0

Lower haul:

~~~~51icC::::::::::::::::::__ . ~_ ---'-30- . ~~_ ------ai
------------AdJusted totaL_. _.. .___ 84 20

Station II (21386), May 20:
Upper haul:56/1000 . • 0 0

944/1000. . .__ 13 ._______ 14

Lower haul:

~~'~~~50::::::::::::::::::::: .. _~_ ----·iii- . .~_ ------iii
------------Adjusted total. __ . . __ .. . .__ 0 1540oAdjusted totaL. ... _

I Part of this haul may have heen lost.

Adjusted totaL. . 0
Winterquarter:

Station I (21358), May 10:
Upper haul:

56/1500_. .. • .__ 0 • 0 . _
1444/1500_____________________ 7 7

------------AdJusted totaL._________________ __ 0 5
Station II (21357). May 10:

Upper haul:
56/1500 .__ 0 _.______ 0
1444/1500 . • •. 0 .____ 0

Lower haul:
56/1500.______________________ 0 .____ 0 _
1444/1500__ .. • •. _ 61 • __ .. 0.,

Adjusted totltl.. .____ 25 5
Station IV (21362), May 13:

Upper haul:56/1000 ._____ 0 0
944/1000 •• 0 • 0

Lower haul:
66/1000._. •. •• _ 1 18 _.. _
944/1000•• . 24 .___ 25

------------Adjusted totaL . • 11 16
Station V (213115), May 13:

Upper hanl:
112/2000•• . __ . ._ 0 0
1888/2000. • ._______ 0 .__ 0

Lower haul:
112/2000_. •• 0 __ ._.___ 0 _.. _
1888/2000 c____ 1 1

Adjusted totaL ••..• _•.. _•.• __ • .... _ 0 2
Cape May:

Station I (2135\11, May 13:
Upper haul:116/1000._ ... .__________ 2 _.______ 36 __

944/1000._____________________ 3 _, __ ,_,_ 3
------------Adjusted totaL . .... 25 2

Station II (21360), May 13:
Upper hool:

56/1000.______________________ 40 714
944/1000. . . 11 ._ 12

------------AdJusted OOI.aL . .. .• 500 8
Station III (21M\). May 13:

Upper haul: I
66/1000._. •• 2 ._.__ 36
944/1000 . .• 7 7
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TABLE E-l.-Yellowtaillarvae caught during crui8e8 1 to 7
of the Albatross II, in 19Se-Continued

Connt of larvae Totallarvae
Station and baul

Small Large Small Large
------------_.)------------

CaUISE 3-Contlnued

Montauk Point-Continued
Station III (21380), May 20:

Upperbaul:
56/1000_______________________ 0 0 _
944/1000______________________ 0 0

Lowerbaul:56/1250_______________________ 0 0 _
1194/1250_____________________ 0 0

------------Adjusted totaL_________________ 0 0
Sblnnecock: .

Station I (21388), May 20:
Upperbaul:

56/1250_______________________ 32 714 _
1194/1250_____________________ 33 35

------------Adjusted totaL_________________ 500 24
Station II (21389), May 20:

Upperbaul:
56/1000_______________________ 0 0
944/1000______________________ 8 9

Lowerbaul:56/1000_______________________ 3 54 _
944/1000 -------- 12 --______ 13

Adjusted tota'--_________________ 34 14
New York:

Station I (21393), May 21:
Upper baul:

56/1250_______________________ 46 1,127 _
1194/1250_____________________ 66 00

Lower baul:56/1500 .______________ 23 616 _
1444/1500 .____ 86 8\1

------------Adjusted total.._________________ 1,072 98
Station II (21392), May 21:

Upper baul:
56/1250_______________________ 32 714
1194/1250_____________________ 45 47

Lower haul:56/1500_______________________ 30 804 _
1444/1500_____________________ . 93 97

TABLE E-l.-Yellowtaillarvae caught dl,rin.g crui8e8 1 to 7
of the Albatross II, in 19Se-Continued

Count oflarvae Total larvae
Station and haul

Small Large Small Large
-------------1--------

C~U1SE 3-Continued

Atlantic CIty-Continued
Station III (21397), May 21:

Upper haul:
56/1500_______________________ 2 M _
1444/1500_____________________ 7 7

Lower haul:56/1250_______________________ 1 22 _
1194/1250_____________________ 4 4

------------
Adjusted totaL._________________ 47

Station IV (21398), May 22:
Upper haul:168/2000______________________ 0 0 _

1832/2000 ----____ 2 2
Lowerhanl:56/1500_______________________ 0 0 _

1444/1500_____________________ 0 0
------------Adjustedt-lltaL._________________ 0

Cape May:
Station II (21402), May 22:

Upper haul:56/750________________________ 2 27 _
694/750 ------__ 10 11

Adjustedtotal -_______ 19 8

Station III (21401), May 22:
Upper haul:56/1500_______________________ 15 402

1444/1500_____________________ 76 79
I.ower haul:56/1250_______________________ 17 --______ 380 _

1194/1250_____________________ 29 30
------------Adjusted total.._________________ 570 66

Station IV (21400), May 22:
Upper haul:112/1500 ,__________________ 0 0

1388/1500_____________________ 0 0
Lower haul:56/1500_______________________ 3 80 _

1444/1500_____________________ 39 41

Adjusted totaL. --- ------__ 0

Fenwick:
Station I (21403), May 22:

Upper haul:56/1000_______________________ 7 125 _
944/1000 ----____ 5 5

Adjusted totaL :___________ 50 26

Station V (21399), May 22:
Upper haul: .

112/1500______________________ 0 0
1388/1500 -_______ 0 0

Lower haul:56/1500_______________________ 0 --______ 0 _
944/1500______________________ 1 1

Adjusted totaL --______ 940 90
Station III (21391), May 21:

Upper haul:
56/1500_______________________ 5 134
1444/1500_____________________ 73 76

Lowerbau1:
56/1250_______________________ 0 0 _
1194/1250_____________________ 15 19

A<lju~ted totaL__________________ 81 58
Station IV (21390), May 20:

Uppefhaul:
56/1500_______________________ 0 0
1444/1500_____________________ 0 0

Lower haul:56/1000_______________________ 0 0 _
944/1000______________________ 0 0

Adjusted totsl.__________________ 0 0
Barnellat:

Station I (21394), May 21:
Upperhanl:

56/2000--------------- __._____ 57 2.034 _
1944/211()(1_____________________ 36 37

Adjusted t-lltaL -- -:------ 87
Wlnterquarter:

Station I (21404), May 22:
Upper haul:

180/1800,_____________________ 4 40
Remainder___________________ 30 _ 30

Adjusted totaL_________________ 1,424 26
Atlantic City:

Station I (21395), May 21:
Upper hanl:

56/1250_______________________ 21 400 _
1194/1250_____________________ 61 64

------------Adjnsted totaL_________________ 328 45
Station II (21396), May 21:

Upper haul:
6/1/1500_______________________ 6 161
1444/1500_____________________ 5 5

I.ower haul:
56/1250_______________________ 3 67 _
1194/1250 • 56 59

Adjusted totaL_________________ 28 21

Station II (21405), May 22:
Upper haul:

300/3000______________________ 74 --______ 740
Remalnder___________________ 255 255

Adjusted total___________________ 518 179

Station III (21406), May 22:
Upper haul:

160/1600______________________ 15 150
Remainder___________________ 127 127

Lower haul:56/1250_______________________ 6 134 _
1194/1250_____________________ 26 30

Adju$ted total _
140 41 Adjusted tots~------------------- _ 176 96
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TABLE E-l.- l'ellowtaillarvae caught during cT1/.ises 1 to 7'
'of the Albatross II, 1:n 19Se-Continued

TABLE E-l.- l'ellollltaillarvae cau.ght during cmis/1s 1 to 7
of the Albatross II, in 19S2-Continued

------------------------ ------------------------

Station and haul
Count or larvae Total larvae
I----,--I--r----

Small Large Small Large

Station and haul
Count of larvae Totallarvae
-------I----r---

Small Large Small Large

CRUISB 3--Continued

Cbesapeake Bay:
Station I (21409), May 23:

Upper haul:
40/1600_______________________ 0 0 _
Remalnder___________________ 0 0

Adjusted totaL. .. .____ 22 7
Shlnnecoek:

Station I (21425), May 27:
Upper haul:

28/1500_______________________ 25 -------- 1,340 ------3-./-
1472/1500_____________________ 36

--------- ----Adjusted totaL ._____ 938 26

Adju~ted totaL. • ._______ 325 21
Montauk .polnt:

Station I (21426), May 27:
Upper haul:- 511/1000__ . ,______ 52 928 _

944/1000._____________________ 22 23
------------Ac;lJusted totaL. •• 650 16

Station II (21427), May 27:
Upper haul:

28/1250_______________________ 78 . 3,481
1222/1250 ._____________ 16 16

Lower haul:
56/1250_______________________ . 11 ._______ 245
1194/1250_____________________ 10 11

------------
Adjusted totaL__________________ 2,269 17

Station III (21428), May 27:
u'pper haul:

56/1000_______________________ 1 .___ 18
944/1000______________________ G 0

Lower hanl:
. 56/1000.______________________ 1 ._______ 18

94411000______________________ 10 11

Adjusted totaL__________________ 2
Station III (214071, May 23:

Upper haul:300/3000 ._______ 0 0
Remalnder_. ._______ 1 _. _

Lower han!:56/1250 ._______ 3 67 _
1194/1250 .____ 9 9

------ -------Adjusted totaL__________________ 42

CRUISF:4

Martba's Vineyard:
Station I (21431), May 28:

Upper baul:
56/1500_______________________ 50 1,340 • •
1444/1500 • ._____ 63 ._______ 65

Lower haul:
56/1700_______________________ 3 94 __ • _
1694/1750 • ._ 26 ._______ 27

------------Adjusted totaL. ._ 873 57
Station II (21430\, May 27: .

Upper haul:56/1500 ._____________ 25 669
1444/1500 .____________ 48 50

Lower haul:. 56/1000_______________________ 30 __ ._____ 536 _
944/1000______________________ 7 _

------------Adjusted tntaL. ._____ 744 35
Station III (21429), May 27:

Upper haul:
84/1500_______________________ a 536
1416/1500 .. ._____ 32 ._______ 34

Lower haul:
. 56/1000_______________________ 0 0 _

944/1000 • ._ 0 0

Adjuster!. totaL.. .________ 1,032 60
Stat.ion II (21421), May 26:

Uppel'haul:
28/1000_______________________ 3 .__ 107
972/1000 • ._ 21 22

Lower haul:
56/1500_______________________ 45 1,205 _
1444/1500 .____________ 37 38

------------
Adjusted total. 761 37

Station III (21422), May 26:
Upper haul:

56/1300_______________________ 9 241
1444/1500_____________________ 25 26

Lower haul:
56/1250_______________________ 20 446 _
1194/1250 ._______ 26 ._______ 27

Adjusted totaL. .. :______ 1,381 56

New York:
Station I (21420), May 26:

Upper haul:5611500 .____ 55 1,473 _
1444/1500_____________________ 82 85

Adjusted totaL__________________ 65 21

Barne~at:

Station I (21419), May 26:
Upper haul:50/1300_ . .__________ . 73 1,955 _

1444/1500 ._____________ 53 55
------------

Adjusted total -_______ 1,369 49

AtJantie City:
Station I (21418), May 26:

Upper haul:511/1500 .. . •••••• __ 8 214 . __
1444/1500 • • ==.:..:. __17_.:.=.:..::..:.: __~

Adjusted totaL. • ._______ 150 13
Station II (21417), May 26:

Upper haul:
56/1500_______________________ 18 --- •• --- 482 14
1444/1500______________________ 13 --------

Lower hsul:

~~2Y~oo:::::::::::::::::::::: :~_ -----17- __ ._~:~_ ------i8
------ ------

AdjustedtotaL_________________ 530 120
Station III (21416), May 25:

Upper hsul:112/1500 .__________________ 5 67
1388/1500 ._______ 14 15

I.ower haul:
~~W~(C::::::::::::::::::: ~_ ------3- ,~_ -·-----3

Adjn~ted totaL. ._ 478 32
Station IV (21423), May 26:.

Upper haul:
56/1250_._____________________ 4 89
1194/1250 ._____________ 33 35

I.ower haul:
56/1000_______________________ 1 18 _
944/1000_____________ 1 _

Adjusted·totaL ._______ 41 12
Stntlon IV (21415), May 25:

UpTJ{'r haul:

~~~~~::::::=:::::::::=:::: ~_ ---'--5' ~_ 6
Lower haul:

~~~J~g5li::::::::::::::::::::: ~_ ------i- -----.~- =~
Adjuster!. totaL. ._____ II 4

CRUISB 4-Contlnued

Shlnnecock-Continucd
Station II (21424). May 27:

Upper haul:
28/1250_______________________ 48 2.143 _
1222/1250_____________________ 72 74

I.ower haul:
56/1000_______________________ 7 125 _
944/1000______________________ 16 17

o

3

Adjusted totaL .______________ 0
Station II (21408), May 23:

. Upper haul:

·~=ijer-_~~:::::::::::::::: ~_ ------3· _. ~~_
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TABLE &-1.- l"ellowtailla.rvae caught during cruises 1 to 7
of the Albatross II, in 19S2-Continued

TABLE E-1.- l"ellowta'illarvae caught during cru.ises 1 to 7
of the Albatross II, in 1932-Continued

------------11--------
Small Large

Station and haul
Count 01 larvae 'l'otallarvae

Small I Large.

Count 01 larvae Total larvae
Stntlon and haul

Small Large Small l.arge
---------------1--·- --------

Adjusted total.. • • ._ 478 27
Atlantic City:

Station I (214401, June 3:
Upper haul:112/1250 .____________ 14 ._ 156 • _

1138/1250_. •• 36 __ ._____ 40

Adjusted total •• • __ ._ 6
Barnegat:

Station I (21439), June a:
Upper haul:112/1500 • .___ 51 ._ 683 ._ •• •

1388/1500 , .___ 36 •••• _... 39

Adjusted tota1. • ._ 642 28
Station III (21436), June 2:

Upper haul:
84/1250 ._. 0 _._._.,_ 0
1166/1250. •. _ 1 • _

Lower haul:
112/1500_. •• _•• • • 2 _._ •• 27 _
1388/1500_ •• _. __ ••• •••• 14 ._. __ •.. _ 15

Adjusted tota1._ •• • ._ 17 10
Station IV (21435), June 2:

Upper haul:112/1000 • .______ I ~_______ 9

Lo...~~:~:--------------------. -------- I ..---- ..-

m'}~gosO======::=:=========== ._~. ------j- - ~_ -------.

302428Adjusted total.. ----.--- ----.---

CRUISE 5-Contlnued

New York-Continued
Station II (21437), June 2:

Upper haul:56/1500 • • ._. 0 .__ 0 __ , __ ,,_
1444/1500 ._. • • 0 • ._._ 0

Lower haul:

~~~~SOO=================:=== ~_ -----43- __ ~~~~~_ ---·-·45

Adjusted total. ._______ 109 28
Station II (21441), .Tune 3:

Upper haul:112/1000 .. 0 0

Lows:r8~~~:-------------------- -------- 0 -------- 0

n~w~o::::::::::::::=:::=:: .:..:.:..:~~ -----3-j- .:..:.:..::~ ------37
Adjusted total.._________________ 232 23

Station III (214421, June· 3:
Upper haul: .

112/1250______________________ 0 0
1138/1250_____________________ 2 --------

Lower haul:

M~~=:=::=::::=:::=:::::= ~~_ ----iii- ~~_ -----ii7
------------Adlusted totaL .____ 127 75

Station IV (21443), June 3:
Upper haul:

g~}mo:::=:=::::=:::=:::=== ~_ ---'--0' .__~_ 0
Lower haul:

:~}~~=::::=::::=:::=::====.:..:. ~ 1 ~~_ --·----i
Adjusted total.._._______ 8

Cape May:
Station II (21447), Juue 4:

Upper haul:
112/1500______________________ 3 40 --------
1388/1500 .:..:..:..:.:.. __39_.:..:..:..:..:. __4_2

Adjusted totaL • ~ __ .___ 18 19
StaUonIIl (21446), June 4:

Upper haul:112/1500______________ 7 94 _
1388/1500 . 22 24

Lower haul:

~~~~~~oo::===:==::::::=::::=: ~~_ '---440- __.__~~_ -----457

-------------Adjusted totaL •• __ •• • 0
Chesapeake Bay:

Station II (21410), May 24:
Upper haul:

112/1250 • ._____________ 0 .____ 0 • _
1138/1250. •__ •• • _••. __ •• I .____ 1

Lower h:ml: .
112/750 • • •• ._. 0 _•• _. __ • 0
638/7r>o_. ._. •• • I _._. .

Adjusted total.. •• ••• . •• . 681 30
Shlnnecock:

Station III (21434), ,Tune 2:
Upper haul:

56/1250_. •• ._._.____ 1 22 _

T,o.}ir94~~~f/----.--.-.------.--.- -•• ----- 2 --.----- 2
112/1250 ._. __ •• _.______ 0 0 •• _
1138/1250. • __ ._ 6 ••• __ .__ 7

----------Adjusted total. -- __ •• ••• •__ .___ 13 5
New York:

Station I (214.'lll), June 2:
Upper haul:

56/1500 ._________ 55 ••_._ 1,473 •• _
1444/1500 • ._______ 62 ., __ .___ 64

------------Adjusted tota1.._._._. •• • .__ 1,032 45

--- ---------Adjusted total.. ••••• •• _•• •• _•• _ 0 2

CRUISE 5

MontaUk Point:
Station I (21432), June I:

Uppcr haul:
56/1500__ •__ •__ • ._•••• _._ 45 _.______ 1,205 • ._.
1444/1500__ ••• • ._______ 18 19

LowerhalJl:
280/2650 • • • __ .___ 6 57 •__
2370/2650 • •__ • •• 62 .___ 69

Adju!ted total..._ •• •• ._._.___ 767 55
Bt"Uon n (21433), .June I:

Upper haul:
56/2000 •• 19 658
1944/2000 ._•• _. __ •• ._. 39 •• ._ 40

T,ower haul:
112/121'>0_ . __ • • __ • .____ 40 446 _•• ._
1138/1250. ••••• ••• __.__ 8 •__ ._._. 9

CRUISE 4-Contlnued

Cave May:
Station II (21411), May 25:

Upper haul:
5fo/1250_______________________ 48 1,072 _
1194/1250 .______ 42 44

------------AdJusted total. ----______________ 750 31

Station III (21412), May 25:
Upper haul:56/750__ •__ •• • 3 •• 40

Lo::~~:::j:----------·-·-·····-- -.- •••• - 12 -------- 13
56/1000. • __ •••• 2 .____ 36 _
944/looU • ••• .__ 14 .___ 15

-------------Adjusted total.. • •• ••• _ 47 17
Station IV (21413l;'May 25:

Upper haul:
112/1250 •••••• 0 •• 0
1138/1250 • • • __ ._._ 0 -"---'0

Lower haul:
56/1500_. __ •• ._____________ 2 54 _
1444/1500__ •• 16 17

------------Adjusted total.._._. • .______ 34 11
Statilln V (21414). May 25:

Upper haul:
112/1000 •__ • ._ 0 ._ 0
888/1000 •• _•• _. __ • •• 0 0

Lower haul:
56/1000_. ._._._ •• 0 0
944/1000 ••• _. __ • • __ .__ I _

47.699:1 0-59--7
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TABLE E-l.-YellowtaillarlJae caught during cru,ises 1 to 7
of the Albatross II, in. 199.e-Continued

TABLE E-l:-YellowtaillarlJae caught during cruises 1 to 7
oj' the Albatross II, in 199.e-Continued

Station and haul
Count of larvae Totallarvae
--------.,..---

Small Large Small Large

Count of larvae Total larvae
Iltation and haUl

Small Large Small Large
-----------------------

CRUISE 5-Contlnued

Cape May-Continued
Station IV (21445), June 3:

Upper haul:
112/1600______________________ 19 254 _
1388/1500 • 23 25

Lower haul:
168/1750______________________ 12 125 _
1582/1750_____________________ 110 122

Adjusted totaL__________________ 233 92
Station V (21444), June 3:

Upper haul:
112/2750______________________ 0 0
2638/2750 • ._ 0 0

Lower haul:
168/1500______________________ 0 0 _
1332/1500_____________________ 0 0

------------Adjusted totaL. • .___ 0 0
Wlnterquarter:

Station I (21448), June 4:
Upper haul:

28/1250_______________________ 1 45 _
. 1222/1250 ._________ 6 6

Adjusted totaL__________________ 45 6
Station II (21449), June 4:

Upper haul:112/1500 ._________ 0 •• 0
1388/1500 • ,_. ._ 0 0

Lower haul:
112/1250______________________ 1 ._ 12 •
1138/1250 ._ 2 2

Adjusted totaL .___ 8
Station III (21450), June 4:

Upper haul:

t~}Wlo~~~~~::~~:~::~~~~~~~: ~_ ------ii- ~_ -------ii
Lower haul:

336/3001L_____________________ 0 ._______ 0 • _
2664/3000_____________________ 3 3

Adjusted totaL__________________ 0 2
Chesapeake Bay:

Station I (21453), June 5:
Upper haul:

56/1500_______________________ 0 0 _
1444/1500 • .___ 0 __ ._____ 0

------------Adjusted totaL • • ._ 0 0
Station II (214521, June 5:

Upper haul:
112/2000______________________ 0 0
1388/2000_____________________ 0 0

Adjusted totaL__________________ 0 0
Station III (21451), June 4:

Upper haul:
112/1500._____________________ 6 • 30
1388/1500__ .__________________ 44 43

Lower haul:112/1000 ._______ 2 18 _
388/1000 ._______________ 16 18

, ------------Adjusted totaL .___ 60 41

CRUISE 6

Martha's Vineyard:
Station I (21468), June 8:

Upper haul:28/1500 .__ 27 1,446 _
1472/1500 ._.__ 8 8

Lower haul:

~~500~:~::~:::::::::::~::: ~_ -----43- ..~:~~~_ ------46
------------Adjusted totaL ._____ 1,807 34

Station II (21467) June 8:
Upper haul:28/1500 •• 41 2,197

14i21150CJ.____________________ 90 92
Lower haul:56/1500 •• 15 268 • __

1444/1500_____________________ 42 44
------------Adjusted totaL__________________ 1,503 84

CRUISE 6-Contlnued

Martha's Vineyard-Continued
Station III (21466), June 8:

Upper haul:28/1250_______________________ 2 89 _
1222/1250_____________________ 44 45

LowerhauJ:
84/1250_______________________ 0 0 _
1166/1250_____________________ 8 9

Adjusted totaL__________________ 54 33

Montauk Point:
Station I (21464), June 7:

Upper haul:
56/1500_______________________ 1 .____ 18 _
1444/1500 .____ 1 1

Lower haul:
84/1250.______________________ 18 268 _
1166/1250 ._._______________ 3 3

-'-----------Adjusted totaL_________________ 130 3

Station II (21465), June 7:
Upper haul:

28/1250_______________________ 28 1,250
1222/1250_____________________ 29 30

Lower haul:112/1500 .__________________ 10 .___ 134 • _
1388/1500 • .____ 25 .__ 27

------------Adjusted totaL._________________ 907 35

Shlnnecock:
Station II (21463), June 7:

Upper haul:
56/1000_______________________ 32 571 • _
944/1000______________________ 6 6

Lower haul:'112/1250______________________ 56 625 _
1138/1250.____________________ 7 8

------------Adjusted totaL ._ 741 8

New York:
Station II (21460), June 6:

Upper haul:56/1250_______________________ 24 536 _
1194/1250 ._____ 110 _.______ 115

Lower haul: ,112/1250______________________ 26 _.______ 290 _
1138/1250 === ~:..:.:..:..:..:--:!!!..

Adjusted totaL ~ 503 219

Station III (21461), June 7:
Upper haul:

56/1500_______________________ 21 562
1444/1500_____________________ 11~ _.______ 117

Lower haul: _112/1500 .________ 27 362 _
1388/1500 :..:.:..:..:..: ~:..:.:..:..:..: __3_1

Adjusted totaL • 569 91

Station IV (21462), June 7:
Upper haul:

112/1250______________________ 4 _._.____ 45
1138/1250_____________________ 27 .__ 30

Lower haul:112/2250______________________ 0 .__ 0 _
2138/2250:____________________ 51 ••_ 54

------------Adjusted totaL .__ 27 52

Atlantic City:
Station I (21459), June 6:

Upper haul:56/1000_______________________ 2 36 _
944/1000______________________ 38 40

------------Adjusted totaL__________________ 25 28

Station II (21458), June 6:
Upper haul:

112/1000. --------------------- 0 -------- 0 -------0-888/1000 .__ 0 •__
Lower haul: '112/1500_ 24 321 _

1388/1500_____________________ 151 163
------------Adjusted totaL .______ 202 103
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TABLE E-l,-YellolOtaillarvae cau.ght duri-ng cruises 1 tQ 7
. of the Albatross II, in 19Se-Continued

Count of larvae Totallarvae
Station and haul

Small Large Small Large
---------------.1------------

CRUISE 6-Continupd

Atlantic City-Continued
Station III (21457), June 6:

Upper haul:168/1500 ._________________ 0 0 _
1332/1500 • ._______ 0 0

Lowprhaill:
112/2000______________________ 8 143 _
1888/2000.____________________ 105 111

Adjusted totaL. •• __ .____ 91 70
Cape May: .

Station II (21454), June 5:
Uppcr haul:56/1000 ._________ ,4 . 71 _

944/1000 .___________ 57 60

Adjusted totaL_________________ 50 42
Station III (21455). Junp 5:

Upper haul:
56/1000_______________________ 9 -----153--- 1_6._1_ --'--1-62--944/1000 • • _

Lower haul:
56/2000_______________________ 1 36 _
1944/2000.____________________ 17 73

Adjusted totaL . 121 144
Station IV (21456), June 6:

Upper haul:56/1000 ,.______________ 1 18

Low~r4{:::Y:--------------------- ------.- 45 -----.-- 48
56/1000_______________________ 3 54 _
944/1000. . 21 22

Adjusted totaL. • 45 43
Cape May:'

Station II (21454), June 5:
Upper haul: AIL._______________ 339 339

Station III (2145(;), June .~:
Upper haul: 168/3500... 160 3,332

Station IV (21456), June 6:
Upper haul: 84/1000__ :___________ 55 655

CRtllSE 7
Martha's Vineyard:

Station I (21490), June 19:
Up\'lE'rhaul:28/1250 • .___ 45 2,009 _

1222/1250 •• _. . .___ 91 •• 93
Lowpr haul:56/1000 ._.__ 34 607 _

944/1000 .•. __ .____ 43 46
-----------

Adjusted totaL • ._______ 1,596 85
Station II (21491), June 19:

Upper haul:
112/2000 ._________ 31 _. ._ 552
1888/2000_____________________ 20 __ ._____ 21

Lower haul:
112/1500______________________ 68 __ ._____ 910 . __
1388/1500 • ._._ . .___ 22 24

-----------Adjusted totaL ._______ 908 28
Station III (21492), Jooal9:

Upper haul:56/1500 • .__ 0 0
1444/1500. .____ 11 11

Lower haul:112/1500 .____ 4 54 _
1388/1500 .____ 11 • 12

------------Adjusted totaL ._______ 34 14
Station IV (21493), June 20:

Upper haul:112/1000 ._. .__ 0 ._ 0
888/1000 • .__ 1 __ • _

Lower haul:112/1250 .__________________ 1 11 _
1138/1250 • ._ 3 _.______ 3

------------Adjusted totaL • . .___ 7 3

• Oblique upper haul with 2-meter net.

TABLE E-l.-YellolOtaillarve caught dltring cruiseB 1 to 7
of the Albatross II, in 19Se-Continued .

Count of larvae Total larvae
Station and haul

Small Large Small Large

--------------1--------
CRUISE 7-Continued

Montauk Point:
Station I (21489), JUDP 19:

Up\>Pr haul:
20/1000.______________________ 1 50 _
980/1000 ._ 2 __ ._____ 2

Lower haul:
20/1200_______________________ 11 660 _
1180/1200. ._____________ 5 .• 5

------------Adjusted totaL ••. :____ 446

Station 11 (21488J, June 19:
Uppprhaul:112/1250. .___________ 0 0

1138/1250 • ---- __ ._ 0 0
Lower haul:

168/1500______________________ 6 54 _. •
1332/1500_____________________ 21 24

Adjusted totaL_. .___ 34 15

St.'\tlon III (214871, June 19:-
Upper haul:

112/1500._____________________ 4 54
1388/1500. ------__ 27 29

Lower haul:112/1500_. .__________ 1 13 _
1388/1500 • ------_. 1 -._. _

Adjusted totaL .___ 41 18

Shlnnecock:
Station I (21485), June 18:

Upper haul:40/1500 ._ 10 _.______ 375 _
1460/1500. -_._____ 10 10

Adjusted totaL ._ 262 7

Station 11 (21486), June 18:
Upper haul:112/1000 ._ 16 .. __ 143

I.ows:~~:--------------------- -------- 18 -------- 20

g~}~C:::::::::::::::::: --. __~~. -----23- ~~~_ ------25-----------Adjusted totaL -.______ 298 28

New York:
Station 1 (21484), Jnne 18:

Upper haul:56/1000_______________________ 0 0 _. _
944/1000, . .:..:..:.:.:..: __2 ::..:.:..:.:::.:. 2

Adjusted tot-'LL ._ 0

Station 11 (21483), June 18:
Upper haul:112/1000 . • 13 116

LOW~~:--------------------. -------- 11 -------- 12
112/1500_. ._____________ 44 589 _
1388/1500_. • - - 27 29

------------Adjusted totaL ._____________ 441 2li

Station 111 (21482), June 17:
Uppprhaul:

250/1500______________________ 8 ._______ 48
1250/1500_____________________ 70 84

Lower haul:

~H~::::::::::::::::::::::-----~- ------7- ~~~_ --·----9
Adjusted tota1. ._____ 66 57

Station IV (21481), June 17:
Upper haul:

300/1500______________________ 3 15
1200/1500.____________________ 8 10

Lower haul:100/2000______________________ 3 60 _
1900/2000_____________________ 14 16

. ------------Adjusted totaL .____ 47 10
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TABLE E-l.-Ycllowtaillarvae caught during cr-uises 1 to 7
oj the Albatross II, tn 1932-Contintinued

Count of l,u"3e. 'l'otaI131'\'ac
SI.aLlon 'lI1d h,ml

TABLE E-2.- Yetlowtaillarvae cau.ght during cruises 8 and
9 oj the AMant.is, in 1932

[Numbers in parentheses indicate stations for which complete data are in
Sette (1943, pp. 216-210); f"aetions indleate parts of haul sorterl for small
and large larvae)

Small Lorge Small Large
_._._---------------------

Cruisc 7-Continued

Stat.!on and haul Dflte
Count

of
larvae

Es,l
mated
total

larvae

Ad·
justed
total I

Adjustcd t~tal.._________________ 0 16

Stattgw~r~~~~):_~~~_e_~~:_'__________ 1 _

• An estimated three·quarters of the upper haul was lost, therefOre the
counts are multiplied by 4.

, No fish larvae In 15 Hters of the upper haul; only one L.ferru.gin.e~larva In
8 liters of the lower haul.

Atlantic Cltr:
. Station I (21469), June 15:

Upper haul:
IOO/I.iOO ._______________ 0 0 _
1400/1500 • • • 4 4

Adjusted totaL -- ._ -- •• 0
Cape Mar:

Station II (21470):
Upper haul:

56/1500 ••• 1 - •• • 27 _
1444/1500 .__________ 4ij .___ 51

2
:t 2
'0
o

'0

7
II

'0

71
270
32
, 1

1
o

26

133
16

26
661

o

13
127
25

M 51
~ 3
II II

42 42
16 1G
3 ~
II 0
I I

106 946
63 63

521 521
3111 3071
430 430

7 7
12 12
II 0

197 197

195 195
241 2581

1 1

107 107
130 650
31 310

CaUlSI': 8

M,"·th,,·s Vine~"1rII:'
St:ltion:

11.128:1): AII .. July 1.. __
II (12821: ..1.11 " '10__ . _
IV 1.1280): ..1.11 . '10 __

Mont'H1k Point:
Stli.t.ion:

1 (J27\,): ..1.11.. __ .. Jun~ 30 _
II (1277): ..1.11.. 110 _
III (J2,81: AIL. '10 .
IV (1259): AIL. Junc 25 _
VJ (J2791: AII.. .. _ Jnne 30 _

Shinneeock:
Station:

I (275): 112!\l.~11l .Tunc 29 _
II (274): AII.. __ • ._.Ar' _

N,,,,· YOI'k:
Stnt.ion:r (1271)): ..1.11.. .Tun" 28 _

II (1271.1: 196/2000 .JUllC 29. _
III (J272): ..1.11.. ... do _
IV (1273): AlI 010. _
V (1260): .'1.11.. .Tun" 26 _
VI (\2111): AII.._. dr' _

Bomeg"t: Station 1(1269): AlI .Tunc 28 _
.~ tl:lntie Citr:

Station:
J (1262): .'1.11 Junc 26 _
II lI2f03l: lfoS/I800 do _
IV 0265>: AII.. .. __ . Jnne 27 _

Cope May:
Station:

If (1266): AII.. .. .<10 _
III (1267): 250/1250 <10 _
IV (1268): IflO .<10 •

CRUISE 9

Capc Elizabel.h: .
Station I (1323): AII.. _________ July 23______

' 0
Boon Island:

St'ltion:
I (13221: .'1.11.. ___________ __ . __ do__•____ 3 3 , 1
II (1325): AIL _______ . ____ . July 24______ 0 0 '0

Ncwbul'~'pol"t:
Jnly 23. _____ 4 ' I.. Station I (1321l: .'1.11.. __ ._ ... __

Cape Ann:
Station:

1(1320): AII.. _________ ._. __ July 23______ 6 6 ' III (1319): AlI__________ • ____ ____ .do_______ 0 0 0
III (1326): AIL ____________ July 24_. ____ 0 0 , 0

Boston:
Station:

1(1317): .'1.11.. _. ____________ July 22______ 12 12 '2
II (l3IS): AlI_ .. ___ . ________ ____ .do_______ 52 52 15

Cope Cod Bay:
9 9St'ltioll I (1316): AIL._ ..... _. _ _____do_______

Race Point:
Station:

01(1315): AII.._. ___________ • _____do_______ 2 2
II (1327): .'1.11.._. ___________ July 24______ 0 0 ' 0

Nauset: Station I (1314): All.._c ___ July 22. _____ 4 4 '1
Chatham: Station II (1328): AlI __ • July 24______ I 1 0
South Channd:

Station:
'July 22... ___ ' 0I (lal2l: All .. ___________ . __ 0 0

II (1311): AIL _____________ July 21.. ____ 0 0 '0
IV (1307): All.. _________ . __ _____do_______ 110 110 75

Western Georges Bank:
H(ltlon:

2 '0I (J31O): AlI _____________ . __ _____do_____ ._ 2
11 (1309): .'1.11 .. _____________ _. ___ do__ . ____ II 0 'l
III (J308): AlI _______ . ______ _____do_______ 25 25 5

Nantucket Shoals:
Stat.ion:

8 ' 21(1304): .'1.11.. ______________ July 20_____ . 8

nI(~~):Alk:::::: ::::::: :::::~~:::::::
11 11 ' 2
22 22 '4

See footnotes at end of table.

--------------1-----1·--------

ooAdjusted total... • _

Adjusted totaL • .______ 3
Station IV (21479), June 17:

Upper haul:
112/1000_.____________________ 0 .___ 0
888/1000 . . ._ 1 _

Lower haul:
250/1500 • • . 0 --______ 0 _
1250/1500 • ._______ 0 ._._____ 0

Adjusted t~tal.._________________ 0 3
Station II (21472), June 16:

Upper haul:
28/1250_______________________ 0 0
1222/1250_____________________ 0 0

Lower haul:
112/1250______________________ 0 0 _
Remaindpr_ .. 0 0

Adjusted totaL ._ 19 36
Rtation III (21476). June 16:

Upper haul:
300/1500 ._______ 0 .- ._ 0
1200/1500. . . . . __ ._ 0 ._______ 0

Lower haul:
300/1500._.___________________ 17 _. ._ 85 _
1200/1500__ ._. • •• 62 77

Adjusled totaL . • ._ 312
Station III (21478), June 17:

Upper haul:
120/1200_.____________________ 0 0
1080/1200 ._._____ 0 ._______ 0

Lower haul:400/2000 __ .___________________ 1 5 _
16OO/2OOU • . .____ 1 .___ 1

Adjusted total._. ._. __ • __ .... _ 54 4
Station IV (21475). June 16: ,

Upper haul:
112/1500 ._ 0 --______ 0
1388/1500_____________________ 4 4

I,ower haul:
112/2000 . 0 ._ 0 _
1888/2000 ._._ 21 22

Adjusted totaL_.________________ 0 3
Station Il (214i7), June 17:

Uppcr haul:
168/1500______________________ 1 9 _
1332/1500. • , 1 1

Lower haul:
250/1500______________________ 81 486 _
1250/1500 ._____________ 11 13

Adjusted total. . . .. • _
Wlnterquarter:

Station I (21471), June 16:
Upper hnul:

28/1500 . __ .____________ 0 ._ 0 _
1472/1500_____________________ 4 _._.____ 4
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TABLE E-2.- l"ellowla-il larvae. caught during cruises 8 and
9 of the At.lant.is, in 1932-Collt.illued

Station and haul Date
I Count

of
larvae

Esti- I~~
mated lusted
total total I

larvae
----------1----1------
Martha's Vineyard: I

Station:1(1303): AIL <10 _
11 (13021: .'1.11 __ . do _
III (1301): .'1.11 July 19 _
IV (1300): .'1.11.. do . _

Montauk Point:
Station: .

1 (1288): 40/1000 ,luly 16 _
II (12891: All _. July 17 _
III (1200): .'1.11. .. - do _

IV (1291): AII.-------------I-----dO-------
Shlnnecork:

St"tt('n:
1(294): 60/1000 Jnly 18 _
II (1293): All _._ .. July 17.. _
III \1292): .'1.1\.. do _

New York:
Station:

1(1295): 100/1000 Jul)' 18 .
II (12961: All .• do _
III (1297): 100/1000 do _
IV (1298): .'1.11.. do _
V (1299): .'1.11.. ,luly 19 _

\

37
4
o
o

25
10
2
o

71
26

2

113
10
16
3
o

37 4
4 1
0 • 00 • 0

625 I 63
10 '2
2 0
0 • 0

1183 59
26 ' 5
2 '0

1130 '229
10 1

160 ' 32
3 'I
0 ' 0

1 Represents the number' of larvae per 17.07 sqnare meters of sea surfaoo.
See· Sette 1.1943, pp. 211·-215) for method of computing.

, Oblillne hauls to surfaC'<' with 2-meter net .
• Adjustment data an' not available from Sette (1943') and tbese tows have

been adjusted by the averag., of the other values, 0.136.
• Adjustmellt dat.a are not avaiLoble from Srtte (19431 and these tows have

been adjusted by the average nf the other valup.s, 0.203.

TABLE E-3.-Su"/IImary of standard catche.s of slllallla.rvac in l/pper and lowfl' hauls al ffl'tain stations on crl/·isfs 1 through 7
-in 1.932

CruIse 1 Crni.r 2 Cruise 3 I Cruise 4 Cruise. 5 Crul~e 6 Cruise 7
Stat.lon

_____________I__u_p_p_er~ Uppe~ ..LO':~ Upper ~nwer Upper Lower Upper ILow~~ ~~~ Lower ~IP;;~:\'t~

306
3
o

411
34
3

190
522
34
7

6
o
o

35
o

3S

232 0 2021
127 0 918 _

84 843 -76 13 167
o 2,437 16S 461 220 875 32o 13 9 -------- 1 --------

o
o
o

Martha's Vineyard:
Station:

I. -----.--------------------- -------- 1.10
0
6 I 320 9

2
50

5
I lSI 934"~ I -65 -------- -------- 1,1113 29

3
4
5

I I, 4038~II ._______________________ 56 20 3 20.x> 276. 1,538 "
111. . • ._____ 0 0 0 0 0 0 375 -50 62 -S (I
IV ._______________ 0 0 ._____ 0

Montauk Point:
Station:I. . _

Shlnnee!!.r:::::::::::::::::::::::r:::::: :::::::: Ig I -~
Station:

1. • • -------- -------- 6 -1 -------- -------- ..------ .------- -------- -------- ----400- ----34i- ----iiNi- -----i98
New yj~::::::::::::::::::::::::::::::::::: :::::::: ------~. -----~~- ---.--~- -----~- --~~~~- --=~:'!- -----i5- ----::2- -------- -------- -------- --------

Statt;~~ __::__:::::::::::::::::::::I------ij· ------ij- ----450-1----404- ~ ~~g -'---75- ----68ij- ------ij- ----iii:i- ----375- -"-i3S- -----gJ----aoo
111._. • ' 1 0 0 3S1 40 94 -13 169 259 0 17 393 176 34 22
IV • .____________ 0 0 0 [. 0 0 62 3 6 0 31.5- -4 10.5 37
V____________________________ 0 0 0 0 .. • ._. ---- - _
VL_________________________ 0 0 0 0 ._ .. • - _

Atlantic City:

Statli~: • 1 140 120 39 1 113 271337.5+ 192 0 I
111..________________________ 0 0 0 0 38 9 47 -6 0
IV .___________________ 0 0 I 0 0 I) lJ 6 0 0 I

Call" May:
Station:

111. • ._____ 6 fo6 25 381 189 28 19 66 362 113 8 0 54
IV .____________________ 14 10 0 11 0 50 0 34 178 55 13 32 0 0

Wlnter'l~~~-t~~::::::::::::::::::::::: g ~ I------~- ------~- ------~- -.----~- ------~- ------~- ------~- ------~. :::::::: :::::::: :::::::: ::::::::
statte: .______________ 0 ~~ 0 0 --------!-------- ----_.-- _:------ 0 8 --------1-------- (I 0

c"m~i:~~_;::;::_~::-;:-;:;:;::::::: ::::::: :::::::: :::::::: ::::'~: :::::~::l::--::~: ::: ~: ----~- :::-:::: ;:_;;;:;II_::-;_:~I-----;-; :_;;::~;
I' I I l



266 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

TABLE F-l,-PrQbit analysis of the. spawning pel'iod
of yellowtail, in 1943

----------_.-
Apr. 20______________________ 10 60 10.0 3.7 20.15 3.719
Apr.2O ______________________ 10 62 4.8 3.7 20.82 3.415
Apr. 20 ____ - -- _____ -_____ ---- 10 72 9.7 3.7 24.18 3.701
Apr. 20______________________ 10 50 18.0 3.7 16.79 4.186
Apr.27______________________ 17 57 19.3 4.0 25.00 4.142

Yi~ ~~~-~~~~:~:~~:~:~:~:::::
17 66 21.2 4.0 ~.95 4.220
25 43 16.3 4.3 22.86 4.047
27 54 24.1 4.4 I 30.12 4.300

May 17______________________ 37 27 44.4 4.9 17.13 4.859
May 18______________________ 38 41 56.·1 4.9 26.01 5.154
June 3, 7. 8__________________ 57 21 71. 4 5.8 10.55 5.544
June 9___________________ ---- 60 34 67.6 5.9 16.03 5.374
June 16______________________ 67 45 91.1 6.2 16.66 6.334
June 23______________________ 74 4f) 89.1 6.6 10.93 6. III
June 28 _______________ -- ----- 79 50 98.0 6.8 9.00 7.002
June 29______________________ 80 63 98.4 6.8 11.34 7.052
July 4_______________________ 85 IiIJ 100.0 I

7.0 6.56 7.421

tion to common logarithms, and this has become
standard practice in bioassay. In our spawning
datn, however, we lllwe no evidence that such a
transformation is necessary. A satis£a.ctory fit is
obtained by using the measures of time a.ncllength
directly. .

Probit regression lines may be fitted by eye
if there is little scatter of the points and an ac
curate measure of the precision of the estimates
is not neede.d. Such a procedure is easy and rapid,
but it requires familiarity with the data and ex
pected results. The arithmetic method of fitting
is, unfortunately, rather laborious, because a solu
tion of maximum likelihood is required.. This re
sults from the increasing variance as the propor
tion P approaches 0 or 1. The values of the
probit r must be weighted according to the ex
pected r and also according to the number of
observations used in obtaining the proportion P.
The expected Y is obtained from the eye-fitted
line and the weighting coefficients have been tabu
lated by Fisher and Yates (1948, ta.ble 11).

In our 'analysis of the spawning period, the
computations for the regressions of percentage of
spent fish against the date for the female yellow
tail have been made as indica.ted in table F-1,

Provl
Per~ent slonal

n spent' probit

y

Work
ing

nw prnblt

}"p

Date

1 fl
--

5
p=--= e-~2u'du.

.../21(' -ex>

The transformation from percentage to probit
changes the usual sigmoid curve of percentage
response against stimulus to a straight line of the
type .

F. PROBIT ANALYSIS

In the section on reproduction, we dealt with
two lots of data which can be analyzed by probit
transformation. These data consist of samples
of yellowtail that are used to dete.}·mine (1) length
of the fish at maturity and (~) the date of spawn
ing. Sinee the teehnique of probit analysis is not
commonly employed in fishery research, yet it has
been thoroughly tested, an explanation of it~ use
in this study is in order. .

Probit analysis has been used almost exclu
sively in analyzing the results of biological as.say
of chemicals tested on experimental animals, al
though psychophysicists have used closely related
methods. It is the most thoroughly developed
method known for the analysis of quantal (all or
nothing) response data, such as oceurs in tests of
a chemical in which different concentrations cause
varying proportions of the experimental animals
to die. Developed largely from the studies of C. I.
Bliss, probit analysis was brought to its most
definitive form by Finney (1952), on whose work
this discussion is based.

Our yellowtail data may be considered as ana
logous to such doseage-response data. In deter
minin:g length of the fish nt maturity, the state of
maturity or immnturity is the quant.al response
to the stimulus of growth. For the description of
the spawning season, the females are ripe or spent
in varying proportions as they are stimulnted by
the vernal change in environment.

The probit of a proportion P is defined as the
abscissa ,vhich corresponds to a probahility Pin
a normal distribution with mean 5 and variance
1; in symbols the probit of Pis Y where

Y=a+bX Sl'MMARY OF REGRESSION COMPUTATIONS

in which Y is the lwobit and X is the stimulus.
In the analysis of bioassay results, the typical

distribution curve of dosage X is dec.idely skewed
with a long tail on the right C<'l.used by the high
tolerance of a few animals (usually insects) . Such
a curve can usually be normalized by transforma- -

~ n10 = 313.08
~ n10X= 10. 4/J7. 47

i= 33.242
~ n10lx-l>'=I77, S:18. 04

~ nioy= 1,470.3402
i= 4.726

~ nlo(y-jjl'= 355.9088
~ n1o(x-l1 (y-i) = 7,731.7693

I I=day or the year minus 100.
• From table 40, p. 217.
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which follows Finney (1952, p. 52). These com
.putations lead to

..
Y=3.281+.04348X..

in which r is the estimated probit and X the day
of the year minus 100.

The goodness of fit was estimated by x2 from

[2:n'w(x-x) (y-y)j2
~=~nw(y-y)2

~nw(x-:r.)2

X2=19.76

'With 16 degrees of freedom this value for x2

will be exeeeded by ehanee about onee in five times.
We judge, therefore, that our curve. (fig. 24) is a
satisfactory fit and our assumption that no trans
formation of X was needed is justified.

The variance of '1' about the 50-pe.rcent point
was estim:tted f·rom

Using similar computn,tions (appendix table
F-:n for the data on hmgth at maturity of the
female yellowtail, we find

...
Y = -O.2176+0.1631x

in \vhich i~ is the estimated probit and a! is the
total length in centimeters.

X2=13.15, dj= 10, P=O.2

again indicating satisfactory fit. The standard
error of the 50-percent point,

.JT·(m)=O.9727

and 95-percent fiducial limits of the 50-pereent
point (31.98 em.) are 30.07 and 33.89 em.

TABLE F -2.-Probit analysis of th£ length at maturity
of female yellowtail, in 1943

Length X

Provl
PerC1'llt sional

n lIIature' pre.blt

p y

Work
Ing

pl'Obit

in whieh m. is the 50-pereent point, ;i; meau ob
served x, and b the slope of the regression line.
The 95-pereent fidueiallimits are 50-percent point
of

If we consider that our day began at noon, then
we may say that the peak of spawning (in the
fish as landed) probably occurred on May 19 and
the odds are 19 to 1 that it oceurred between May
16 and 21.

x±1.96.JV(m)

34.77±2.64 SUMMARY OF REGRESSION COMPUTA'l'IONS

o 4.28 1. 58 3. 51
25 4. 49 4. 63 4. 33
57 4. 70 4.31 5. 19
1\2 4. 90 13. 32 5. 30
70 5. 11 14. 57 5. 51
77 5.32 7.97 5.70
54 5.53 7.46 5.06
65' 5.73" S.lI\l 5.34
90 5. 94 4. 58 6. 23
73 6. 15 5.81 5. 44
92 6. 36 3. 79 6. 40

100 6.57 3.46 7.07

:z: IIU/~ SO. 37
:z: n''''l'~ 2.794. 267

!i~ 34.77
:!: (l'-ll'~ 610.9173
:!: IIwy~ 438.3684

ii~ 5.454
~ nw(y-iil'~ 29.407998

:z: nU/(l'-i) (y-Ul~ 99.6630

I Frolll table 39, p. 216.

29.5 elll._ .. . __ .. 3
30.5 enL. ." ... _. . __ . __ 8
31.5 elll _ . .________ 7
32.5elll __ .. _. .. .. _.___ 21
33.5 elll. __ .. . .____ 23
34.5 elll._ .... .. __ ]3
35.5 elll . . . . 13
36.5 elll._. __ . . . __ ._._ 17
37.5 elll . __ . __ ._________________ 10
38.5 elll. . __ 15
39.5 elll __ . . _.__ 12
40.5 elll . . __ . . ____ 14

.JV(m)= 1.345V(m)=1.808

or
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