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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 fishing pressure and whéther regulation of the fishery was necessary
to conserve the species.

Tagging and other evidence indicated the existence of five 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, or 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 WiLL1AM 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 (Zi-
manda ferruginea), which they caught inciden-
tally in their trawls. This fish was considered too
thin to compete with the winter, or blackback,
flounder (Pseudopleuronectes americanus) for
sale in the round, and it was not as well known as
the dab, or American plaice (Hippoglossoides
platessoides), or the gray sole or witch flounder
(Glyptocephalus cynoglossus)—species commonly
sold as fillet of sole. But two things oceurred 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-
cerns sought a substitute. The yellowtail, abun-
dant, readily available, and fine-flavored, satisfied
this need. Then from 1940 to 1942, the increasing
demand for food that accompanied World War
II was reflected in an expansion of the fisheries for
almost any edible species wherever war restrictions
would permit. Consequently, the catch 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 Massachusetts ports as far north as
Provincetown, Mass., and the yellowtail became
the principal species of fish landed. Concurrent
with the diversion of vessels to the yellowtail
fishery was the development of the necessary han-
dling and filleting facilities, chiefly at New Bed-
ford, Mass., where about 20 filleting plants began
operations. °

NoTE.—Dr. Willinm F. Royce i3 now director of the Fisheries
Research Institute, University of Washington : Raymond J. Buller
is central flyway representative, Bureau of Sport Fisheries and
Wildlife, and Ernest D. Premetz commodity industry analyst,
Bureau of Comuereinl Fisheries, U. 8. Fish and Willlife Nervice.

Approved for publication. September 20, 1955, Fishery
Bulletin 148.

The remarkable growth of the yellowtail fishery
was followed by an almost equally remarkable de-
cline. In 1944, the annual catch had been reduced
by more than half and the following 9 years pro-
duced no sign of recovery. The decline and con-
tinuing scarcity of the yellowtail caused great
concern, not only because this species closely par-
alleled the winter flounder in its decrease in the
early and middle thirties (a decline from which
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 range
of their small otter trawlers.

This pronounced reduction in the catch of a
species of major importance to the New England
fisheries was the impetus for a more concentrated
study of the yellowtail. Prior to the 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 they can expect a recurrence of the
yellowtail’s former abundance, if regulation of the
fishery is needed, or if the sad history of other
depleted species is to be repeated. To answer these
questions we needed to know two things: First,
what sizes and numbers of fish can be expected
from a given fishing effort; and second, what
measures would result in the greatest return from
the fishery.

We have approached the answers to these basic
questions through a study of the effect of fishing
on the yellowtail. Determining the effects of fish-
ing required a delineation of the stocks and a
breakdown of the catch data according to the geo-
graphical units in which the stocks were homo-
geneous or in which the fishing pressure was uni-
form. (In either case, we may assume that the
effect of fishing on the stock or stocks will be
uniform.)  After determining what fishing
grounds should be considered to constitute a more
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or less homogeneous unit, we assembled data
aimed at determining the relative size of the stock,
the mortality 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 approximation; conse-
quently, our estimates will be subject to revision
as additional data become available. 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 species for many years as one of a considerable
group of very similar flounders of the genus
Limanda. Species of this genus occur off north-
west Europe, in the Bering Sea, and off the west
coast of Canada. In the northwest Atlantic, the
yellowtail (L. ferruginea) 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. 271-275) and 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 yellowtail was begun by William F. Royce,
who was detailed to the port of New Bedford,
where most of the landings were being made. He
sampled the catch and interviewed fishermen for
information 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
investigation of the mackerel in 1929 and 1932.
We also acknowledge the interest and 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
fluctnations in the catch may have been due to
changes in demand. In table1 we have assembled
data from the statistical reports of the United
States Fish and Wildlife Service on the aver-
age annual prices received for yellowtail by the
fishermen. The data indicate that the greatly in-
creased production from 1938 to 1942 was ac-
companied by an increase in price that may well
have contributed to the increased production.
However, the price rose further in 1943 when pro-
duction 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 fairly small. After controls were removed in
1946, the average price rose to 8.1 cents a pound
in 1947 and continued to rise in the following
years, reaching 13 cents a pound in 1951—a price
almost three times that of 1942, the peak pro-
duction year. Despite this incentive the fishermen
produced far less in 1951 than in 1942. Thus, the
production of yellowtail has declined and .re-
mained 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 decrease in demand.

TaBLE 1.— Average price received by fishermen in New Eng-
land for yellowtail, by years, 1938-51

Price Price
Year per pound Year per prund

(cents) (cents)

12,0 5.9

12,0 7.0

12,2 21

22.4 9.2

4.5 9.5

7.0 10.6

6.4 13.0

! Includes small quantities of sand dab (Hippoglossoides platessoides),
2 Price at principal ports of Gloucester, Boston, and Portland only.

LANDINGS

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

outh, Provincetown, Chatham, Woods Hole, New
Bedford, Point Judith, Stonington, Montauk, and
New York City, with a few smaller ports receiv-
ing minor quantities. Since 1941, 50 percent or
more of the yellowtail cateh has been lunded at
New Bedford, Mass.,, with no other port even
close in total volume.

TaBLE 2.—Annual United States landings of yellowtail, by ports and years, 1938-49
[In thousands of pounds; see appendix A, p. 237, for source of the data}

Massachusetts
Long Island
Year Maine Rhode Connect- | New York and Total !
g Cape Cod New Island icut City New Jersey
Gloucester [ Boston and Bedford
Plymouth

301 108 3.012 7. 794 6,071 3hd 1, 781 2,041 1,343 22,815
222 642 3,679 5, 621 10, 720 397 3,129 3.725 501 28, 726
827 2, 380 4, 587 3, 868 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, 440 2, 481 51,689
26 3,277 2,328 5, 605 36, 722 2, 420 6, 193 8, 568 3,430 68, 578
46 1,152 1,782 4, 484 25, 479 2,052 3. 605 4,027 3, 160 45, 787
127 1 964 2, 999 14,354 3,027 3,187 1,428 4, 090 31,077
73 1,139 4,208 3,173 15,838 2,852 2, 801 -521 2, 564 33, 169
37 486 3, 268 2, 680 17,128 2,240 3,171 394 1,917 31,321
91 441 3,238 2, 564 20, 822 2,259 3, 006 21 . 2612 35, 754
118 A35 3,258 2,320 25, 214 3,293 1,352 1,201 1, 577 38, 968
120 567 1,702 2,338 19, 652 21, 956 2995 21,072 21,408 229, 810

1 Slight discrepancies occur due to rounding off of the figures.
2 Includes some estimates.

PRODUCING AREAS

In order to determine the catch of yellowtail
from each stock as defined on page 153, the locality
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 captain or mate of each vessel
was interviewed to learn where he fished, how
long he fished, and what he caught. His catch
was then allocated to its statistical area (fig. 1),
according to 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 catch landed
at these ports could be allocated satisfactorily to
the one or two statistical areas concerned. At a
few other ports, where the vessels were larger and
interviews with the fishermen indicated that they
fished with the New Bedford fleet, the landings

were allocated among statistical areas in propor-
tion to the New Bedford landings. The methods
of allocation are listed in appendix B, page 238
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 fluctuating
catches have come from the adjoining statistical
subareas O, 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 third, that the catches from Georges
Bank, subareas H, J, M, and N, greatly increased
from 1946 to 1949. .
These statistical subareas, separated by major
ecological and political boundaries, necessarily in-
clude a wide range of depth zones and bottom
types, and thus give rather a poor idea of the
ecological conditions preferred by the yellowtail.
To provide more precise knowledge of the local-
ities inhabited by this flounder, we have made a
special study of the catch landed at New Bedford
during 1943 and 1947 and allocated it to smaller
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TaBLE 3.—United States landings of yellowtail, by month and fishing area, 194249

[In thousands of pounds]

Date

Statistical arca—

Nova

New England Banks (XXI1) Off Total !
Scotian Long
BBanks Island
(XXD) B-C-D E G H J M N o] Q-R S (XXIID
1942
January.. .. ... 8 3 261 16 37 |oooo- I 2 16 74 3, 986 571 250
February. ..........|oco.o ... 2 265 | ___.___ 16 (... 10 2 28 2,263 1, 088 340
March. ... oo | . 4 320 N 50 1 (9 3 3,419 918 1, 336 533
April_. 7 38 197 12 03 495 2 Y43 886 3,316 465
__________ 25 115 11 65 144 12 374 1,120 1,210 134
.................... 45 197 8 72 23 2 &0 3,221 1,113 214
61 163 2 27 645 4, 618 479 240
.................... 18 355 5 10 3,931 3,042 287 143
..... 36 629 . _______. 7 4, 632 471 190 Y6
.................... 84 42 | 3 6, 303 804 519 260
_____ 168 3 ] [ 1,841 1, 600 525 252
224 40 625 ... 2, 541 539 332
1. 545 1,785 1, 108 284 921 72 22,246 25, 569 11,673 3,309 68, 578
235 1,338 2, 542 752 273
257 1,613 1,289 674 279
149 2,473 1,146 923 387
68 360 1,677 627 329
95 242 722 458 207
55 230 1, 601 301 00
52 135 3,016 283 104
56 1,739 3, 496 356 180
31 3, 45 72 205 103
157 1,885 6 94 81
561 119 1,578 144 7
160 100 18 339 236
1,876 14,179 18,085 5, 155 2,358 45,78
1944
January.. ... . _. 10 298 51 73 42 55 2,190 1,015 441
February. 2 3 2% 78 15 48 587 1,877 1,133 353
March_ ... | 8 212 172 69 15 1.063 780 1,252 415
April____ 11 7 164 163 91 18 284 635 1,101 408
ay.. 69 11 133 236 28 35 41 341 514 246
June_. 12 ) 37 7 3 16 49 343 350 176
July____ 60 (- 56 244 3 14 49 1, 630 082 280
August_.._._ 2 3 70 188 26 15 727 1,514 433 240
September__ 2 2 121 100 10 |aeeeoa . g2 41 12 6
ctober.____ 34 (oL 153 138 4 2 14 169 309 155
November. . 148 3 262 14 40 8 52 243 328 206
December.. ... 246 13 2] 59 13 ] 16 231 272 121
Total.__._.___ 608 68 1,825 1,510 3%0 221 3.009 9, 850 7,410 3,137 31,087
1945
January.._._._..__ 125 16 045 | __. 13 19 113 593 422 195
February.. 333 30 [0 P 3 3 3ol 706 347 159
March.._. 170 283 172 3 13 5 316 1,668 626 201
April______ 105 209 21 26 6l 22 133 207 224 38
May.._. 137 165 39 9 4 58 120 161 120 53
June_ . 33 79 46 33 3 47 130 167 56 28
July___.. 18 54 24 23 53 24 109 813 731 17_4
August____ 23 59 31 23 461 ] 148 2,052 126 60
September 30 57 3 36 58 2 588 . 48 24
October.___ 60 109 11 11 12 .. 2,373 635 142 7n
November. _ 575 14 196 ] . T, 28 34 1,457 2,031 408 177
December._..._._._ 434 3 128 16 41 't 2 22 1 296 364 162
Total....... 474 30  Las1| w167 168 T 244 | 6536 | 11229 3615 Lawz| 33,160
1948
222 LS 385 | .. 1 32 445 419 862 397
2452 19 150 2 6 4 209 444 331 _160
82 334 26 7 32 25 980 1,143 809 367
57 277 29 13 38 49 45 76 308 154
59 180 25 35 R4 T 49 67 263 lalz
151 65 50 14 5 10 27 355 u88 268
1 103 108 16 5 17 25 95 1,730 260 77
August...._. 5 75 107 7 16 167 69 1,102 200 7 3y
September__ 2y 2 72 112 3 25 L3 P 1,248 242 104 52
October. ... 92 4 &7 n 3 17 45 17 2,220 42 279 145
November.__ - 560 3 131 12 45 38 159 2 1,422 753 445 115
December 336 7 114 21 fd 15 52 3 10 2, 469 494 7
Total_...._... 2.787 30 1.415 1, 359 803 187 Lili] 315 7,852 8, 650 5,121 2,214 31,321

! Slight discrepancies oceur due to rounding off of the figures.
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TABLE 3.— United Stales landings of yellowtail, by month and fishing area, 1942—49—Continued
{In thousands of pounds]
Statistical area—
Date Nova New England Banks (XXII) oft Total 1
Scotian Long
Banks Island
(XX1) { B-C-D E G H I M N o Q-R 8 (XXT11D
1947
62 154 31 1% 5 35 94 231 2,172 221 17
22 13 29 42 22 132 71 199 453 69 16
36 131 10 45 12 107 72 300 1,404 215 28
82 165 70 55 20 270 04 286 246 240 29
305 50 2 100 3l 83 [ 273 588 183 14
428 50 86 50 39 37 108 263 964 153 26
323 110 444 40 18 26 124 189 1,792 541 381
g o4 47 178 40 14 29 17 1,278 401 53 18
September.__._.___ 24 142 72 40 12 22 910 2,008 473 71 20
October____....___. 39 134 50 57 14 79 745 2,446 1,391 101 23
November__....___ 85 99 43 12 7 46 73 292 2,198 138 17
December_...____. 138 122 55 616 7 39 69 241 2,395 524 15
Total........ 1,636 19 1,217 1,170 1,332 261 583 2,408 8,008 | 15,167 2,800 634 35,754
1943
10 2 108 40 285 9 48 190 190 1,102 595 122
96 2 95 12 149 4 60 267 263 #S5 167 145
34 2 84 ] 19 2 58 191 276 650 400 378
27 3 204 2] 20 68 81 172 378 399 430 67
S 7 29 16 7 229 180 473 379 113 81
1,133 2 86 30 a5 10 61 185 258 555 336 600
377 11 115 42 36 21 152 188 1,120 914 471 757
56 37 25 8 235 2,817 962 07 34 55
71 19 40 9 709 2,195 1,244 285 68 80
49 48 29 5 140 2,724 1, 360 38 0 81
64 26 49 20 118 220 2,376 550 40 50
83 30 52 13 65 186 264 1,481 59 66
Total_ ... 3,137 23 1,002 372 845 176 1,956 9,495 9,173 7,445 2,783 2,471 38, 968
1849
January..._...___. 14 Fl 176 85 265 11 209 107 295 7 48 2
February. .- 8 1 160 82 111 3 236 97 570 794 36 2
Marel 9 5 108 145 162 6 417 104 585 280 17 2
April... 131 5 140 140 38 47 300 109 142 132 130 2
May. 49 2 61 136 146 17 164 113 111 64 10 1
June. 56 3 74 102 165 16 236 343 269 94 31 30
July_... 44 1 &7 15 50 12 272 928 156 181 178 11
August._. 2 [ 34 103 37 6 2,523 1,021 302 117 16 2
September. _ 8 [ ... 49 153 15 16 2,304 95 848 93 13 2
October.... 36 9 165 123 33 3 2,414 624 377 125 15 2
November . 238 13 144 124 12 5 1,043 338 964 343 16 z
December.___._. ... 47 3 127 98 o6 1 234 526 965 996 20 26
Total........ 851 45 1, 305 1,406 1,164 176 | 10,852 4,405 5,604 4,056 561 84 29, 810

1 8light diserepancies oceur due to rounding off of the figures.

areas, 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 unit areas fished. By assuming that
this distribution of the catch was representative
of the fishing from all ports during 1943 and
1947, the total catch for each subarea was allotted
among the unit areas. Figure 2 shows the local-
ities fished and the catches made during 1947,
The fishing grounds of 1943 were almost identical
with those of 1947 and therefore 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 vicinity of Cape
Cod, and farther north in the Gulf of Maine.
Most of the catch was taken between 15 and 35
fathoms, although moderate quantities were taken
out to a depth of 45 fathoms. This is the pre-
ferred depth range of the species if we assume
that these fishing grounds represent the areas in-
habited by most of the yellowtail. This assump-
tion is reasonable, because there are very few lo-
calities too rough to trawl and most. of the Con-
tinental Shelf is heavily fished for other species.
The chance of yellowtail concentrations remain-
ing undiscovered is extremely small.

The ocean bottom in the areas of yellowtail
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FigureE 1.—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 states (p.
14)—

At the six-mile mark, in 27.5 meters of water * * *,
Relatively coarse sands are encountered, interspersed
with finer, from this point seaward until 48 meters of
water is reached 13 miles from shore. This belt of
coarse material, flanked on either side by finer sediment,
occurs in the other traverses 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 <the sediments

throughout this zone are bheing strongly worked upon by
bottom currents 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 permit a precise statement of their
depths, but the unit areas south of the center of
Martha’s Vineyard that produced yellowtail in-
clude charted depths to 27 fathoms, with those
south southeast of Block Island running to 37
fathoms. Furthermore, the fishermen reported
that very few fish were caught in less than 15
fathoms. Thus, the zones of coarse reddish sand
and of yellowtail catch 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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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
15 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 sur-
rounded by water depths and bottom types that
may be a deterrent if not a bar to migration. The
Fundian Channel, more than 100 fathoms deep,
separates the Georges and Nova Scotian Banks;
the South Channel 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-
ulations among these areas may be sparse or
lacking.

MIGRATIONS

The yellowtail in northwest 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,’ 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 relative size
of the head. right pectoral fin, left otolith, and dorsal and anal
fin-rny numbers hetween Nova Scotian and Cape Cod yellowtail.
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F1cURE 8.—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 tag 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 1 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 114 inches
behind the head and 34 inch from the base of the
dorsal fin. The pin was looped over with pliers
leaving about 14 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.
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TABLE 4.— Returns from 2,597 tagged yellowtail flounder, by lol and locality, 1942-52

[Roman numerals and letters refer to international areas and subdivisions as shown In figure 1)
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Time of recapture

Number of fish recaptured in area—

XXII1

XX

South-
western
Long
Island

South-
eastern
Long
Island

M

Un-
known

Total

Lot No, 1 (227 fish released 8 to 9 miles south of Jones
Beach, N. Y,, Feb. 24, 1942, in area XXIII, southwestern
Long Island):
Year 1942:
February_.._.._ ..
March
April.
June
July..
August.
Septemb
October
Novemb
December
Year 1943:

Year 1944:
January

Year 1945: %epte 1b
Year 1946:

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

Year 1842:

March.

Lot No. 3 (405 fish released 5 miles northwest of Race
Po‘mt. lzdg:ss Mar. 18, 1942, in area XXII, E):
"¢ar

Lot No. 4 (131 fish released 16 miles east southeast of No
Mayns Land. Mass., June 10, 1943, in area XXII, Q):
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TABLE 4.—Returns from 2,597 tagged yellowtail flounder, by lot and localily, 1942—52—Continued

Number of fish recaptured in area—
Time of recapture XXII1 XXII Total
S - —_ Un-
known
South- | South-
western | eastern S Q o] G E D H M N
Long Long
Island Island
Lot No. 5 (286 fish released, off Nantucket Shoals 47 miles
southeast by south of No Mans Land, Oct. 22-24, 1943,
in area X XII, 0):
Year 1943: October ... ..o | D3N PR ISR RO (R IS JO 2 1
Year 1944:
1
1
1
2
1
1
1
22
Lot No. 6 (15 fish released 8 miles south by east of Point
Judith, Feb. 28-29, 1944, in area XXII, 8):
Yesar 1944
Mareh. ..o e me e e e ) N RPN (VPR SRV PRSI (VSIS PSSR (EVSRIIun SR FPRUR 1
B 21 USRS USSR UURINt SV RSV UPIRRY NV PR VRO PRI FVRGURyur) NV PRI RSO 1 1
B 7Y RS PSPPI U, N PR PRPURRPEOR FSPURRIN PRSI R PRV FVRPpn S 1 2
Lot No. 7 (189 figsh released 3 miles west of Cultivator
Buoy, Qeorges Bank, Jan. 28-31, 1945, in area XXII, H):
Year 1945:
Janmary. . el 7
February. . . iiameaio 12
March. . e 2
April e 1
Year 1946: January_ ... ... oo ool .1
Year 1949: January _ ..o miiaoeo.. 1
B 7 U ROIPRPR R RPRROR RSN [RURPRPRPUPRUSY FAUPRRUpUpRRY PURPUPRN) PRPUUVRS SRR PR PRy IRy )3+ 2 U 5 24
Lot Nn. 8 (100 fish releused 2 miles east of Cultivator
Buoy, Georges Bank, Jan. 17-18, 1946, in area XXITI, H):
Year 1946:
January. . emeo. 4
February 1
areh._ . 1
Year 1947: October 1
B N 7Y TPV RPRU RN IPRR SRR PPUOtS [RPUPRIUIPRU) (RUPUUIRR Rt [FPRUpRursy PRSPPI FRUpRny PRPRPIDN PSPPI P [ 3 [ P 2 7
Lot No. 9 (138 fish released 5 to 8 miles south southeast
g)Nauset Beach Light, June 14, 1946, in area XXII,
2 2
2 2
1 5
__________ 1
1
1
1
4
4
1
1
__________ 1
__________ 1
__________ 1
.......... 1
1
1
1
2
"1
1
1
1
B 1171 TR R U PRSI RS UU I (RSpRpRnt (RO R R 1 12 3 b I I PRI FE 19 36
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TABLE 4.—Returns from 2,597 tagged yellowtail flounder, by lot and locality, 1942-52—Continued
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Time of recapture

Number of fish recaptured in area—

XXI1I

XXII

South- | South-

Long Long
Island Island

western | eastern S Q

—i Un-
known

Total

Lot No. 10 (158 fish released 14 miles southeast of No
Mg.'ns Land July 19, 1946, in area XXII, Q):
ear 194

August____
September. _
Qctober____
November
Year 1947:

Lot No. 11 {228 fish released off Nantucket Shoals 5 miles
southeast 14 mile south of No Mans Land, Aug. 21-23,
1946, in area XXII, O):

Year 1048:
August_ . miaos
September. .
Qctober. ...
November..

August._._
September.
December...
Year 1948: March

Lot No. 12 (270 fish released 3 miles southeast of Nauset
Ha‘.rrbor,ml\zlay 26-27, 1948, In area XXITII, G):
ear

Lot No. 13 (159 fish released 5 miles north 10 miles north
northeast of Race Point, June 8, 1048, in area X XII, E):
Year 1948
uly. -
November.

Year 1949:
January..
}VI arch
November.

Year 1950:
January.
Februar
Mareh__ .

Year 1951; Jul

Lot No. 14 (51 fish released 65 miles east and 105 miles
east 34 south o( Nam.ucket Lightship, Aug. 28-31, 1849,
in area XXII, N

Year 1949:
August. ._
Septembe:
October . .
November.

Year 1950;
January
Februar,
March.
April
Juni
July._.
Augus
October.. ..

Year 1952: Decembe;
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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 after
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 tags 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 8 years and 5 months, and 2 years and 8
months. Of course, flounders that had lost their
tags could not be distinguished in the commercial
catch, but if corrosion had been 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 commercial ves-
sels prior to June 1946, and subsequently from the
Fish and Wildlife Service vessels Skimmer and
Albatross IIT (except lot No. 11 released in Au-
gust 1946). Naturally, 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
mortality 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 with 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.

Large differences were found in the recovery
rates of the three groups. Fish from the 0

TABLE 5.—Recaptured yellowtail classified by degree of
injury at time of tagging

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

Recaptured
Degree of | Number
injury tagged

Number| Percent

) . 213 42 1.7

| 320 43 13.1

2l 208 [} 3
Total.._ 745 ol | .

group, not noticeably injured, were recovered at
a rate of 19.7 percent, from the 1 group, 13.1 per-
cent and the 2 group, only 3 percent. The chi-
square value of the smaller difference between
groups 0 and 1 is 4.32, a statistically significant
value. In addition to such direct evidence, 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 mortality due to tag-
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 (table 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 Mans
Land in the summer differs from the winter pop-
ulation of the same place.

A similar pattern of migration is evident from
the recaptures of yellowtail released off Montauk
Point (fig. 4). These tagged fish were taken to
the east of No Mans Land and Nantucket Shoals
during the summer of 1942 and back off Montauk
Point in the winters of 1943 and 1944. If may
be significant that no fish released off Montauk
Point were recaptured off Jones Beach. It appears
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Fieure 4+—Distant recaptures of yellowtail released off Jones Beach (No. 1), Montauk Point (No. 2), Provincetown
(Nos. 3 and 13), and east of Nantucket Lightship (No. 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 sam-
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
eastern Massachusetts area, although one was
caught as far north 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 near Plym-
outh, Mass.

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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Fieure 5.—Distant recaptures of yellowtail flounder 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 the releases south of
Long 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 recaptured from the

514 released in subarea O were found across

Nantucket Shoals, and only 1 of the 15 recaptures
from the 408 fish 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 recaptures 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
ranges far less than do such species as the cod,
striped 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 yellowtail.
A stock is defined here as the population or popu-
lations of yellowtail which occur in a fishing con-
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 subject
of most of the rest of this report.

1. Southern New England Stock—This stock
is found between Nantucket Shoals and Long Is-
land, chiefly in water 15 to 35 fathoms in depth.
It appears to be limited on the southwest by unsuit-
able temperature conditions and on the east by
the less-favorable shoal waters of Nantucket
Shoals and the deep waters of South 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 concentration
that they may find.

2. Georges Bank Stock.—This stock 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 incidentally
throughout the year on the rest of the Bank by
vessels seeking other species of fish. Beginning
in 1947, increasing 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 8 and 6).

TABLE 6.—Annual Uniled States landings of yellowtail by
stocks, 1942-49

[In thousands of pounds]

Southern| Georges Cape | Northern{ Nova
Year oW Bank Cod Gulfof | Seotian | Total!
England Maine Banks
1942 ... 62, 797 2,385 3.330 26 40 68, 578
1948 _______ 39,777 2.784 2,831 74 321 45, 787
1944 _______ 23, 406 3,670 3,335 68 31,087
1945 ______ 22, 861 2,080 2, 554 30 4,734 33, 169
1946 ______ 23, 867 1,913 2,774 30 2,737 31,321
147 . 26, 706 4,976 2,387 49 1,636 35,754
1948 21,872 12,472 1,464 23 3,137 38, 968
1949 _ . 10, 305 16, 097 2,1 46 651 29, 810

1 Slight diserepancies 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 because they had not been previously
found. Distribution of the other trawl fisheries
on Georges Bank appears to answer the question.
The principal fishery here is for haddock, and
according to Schuck (1951) the southeastern 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 haddock 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
discovered. This view is further strengthened by
Schuck’s observation that the southwestern part
of Georges Bank produced 14.7 percent of the
haddock in 1944 and 18.9 percént 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 catches did
not increase until 1947, 1948, and 1949 (table 3),
the increased yellowtail catches did not coincide
with increased trawling for haddock, but followed
it about 2 years later. Clearly the yellowtail be-
came more abundant in the area after the haddock
declined.

Since the increase in catches of yellowtail on
Georges Bank coincided with a decrease in catches
from the southern New England stock 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 O
to the west of Nantucket Shoals in 1946, the year
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 O may
have moved to Georges Bank to be caught mostly
in the summer. (See p. 182).

3. Cape (C'od 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 314 million
pounds, declined to about 114 million pounds in
1948, and rose again to about 284 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. Northern Gulf of Maine Stock.—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
catch is taken by otter trawlers and line trawlers
incidentally to other species. No significance can
be attached to the small fluctuations in catch,
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which may be caused by changes in fishing as well
as by changes in the stock.

5. Nowa Scotian Stock—It is completely dis-
tinet 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, because the large catches
of yellowtail 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 total landings 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 yellowtail from southern New England stock, by month and quarter, 1940-49

[In thousands of pounds]

Month and quarter 1940 1041 1942 1943 1944 1945 1946 1947 1048 1049 | Average

January. .. 4881 | 4905 870 1,328 2128 =2ea1| 2000| 1,162 2,843
February. 3710| 3.85] 3730 L&3) 11ad 37| TLo20| 1,402 2178
March 6756 | 4,02 | 3516 3,401| 329| 2087| 1,704 884 3,318
1st quarter 15,356 | 13,689 | 10,947 | 6,297 | 6,566 | 5,415 4,973 | 3,448 8,336
April_.__ 5610 | =293| 258 652 583 | L401| 1274 406 1,930
May._.... 287 | Tew| 1142 454 511 1058| 1.028 216 1,110
June [T 1508 | 203 77 381 1,538 | L706 | 1,749 424 1.701
2d quarter 13,055 | 6,854 | 4,637 | 1,487 | 2,682 | 4,165 | 4,049 | 1,046 4,741
Iy 5982 | 38.538 | 2641 1827 | 2182) 2903| 3262 477 2,849
August___ 7403 | b570| 2o14| 2386 ] 158 | 1750 1,258 537 2,940
September 538 | 4,97 151 | 2560 1,696| 2e662| 1,677 956 2, 509
adquarter.... ... ... 18,774 | 14,2870 5,706| 6,773| 5367 | 7,315| 6197 | 1,90 8,297
October. . ... e e 7. 886 2, 166 847 3.221 3, 286 3,961 1,808 519 2,937
November. e e e 4,308 1, 920 820 4,073 2,765 2,645 3,025 1, 325 2. 611
December. ... .o oo e L 3.418 861 6840 1,010 3, 251 3, 205 1,820 2, 007 2,026
dthquarter....._......._................\ .. .| se12| 4s9047| 216! 8304 9302 9811 6653| 3,81 7,514
Grand total'._..__._.._....._...... 36,024 | 47,933 | 62,797 | 39.777 | 23,405 | 22,861 | 23,867 | 26,706 | ©21.872 | 10,305 28,949

1 Slight discrepancies occur due to rounding off of the figures.
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Fiaure 6.—Production of yellowtail, 1938 through 1949.

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 a peak of 63 million pounds in 1942, then
an abrupt decline to 23 million pounds in 1944,
fairly steady production from 1944 to 1947, and
another abrupt decline from 27 million pounds
in 1947 to 10 million pounds in 1949.2 Since this
stock has contributed the bulk of the United States
yellowtail production for many years, fluctuation
in its numbers is the principal cause for concern
for the species. .

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

Turning from the average catch 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 1942 and 1943,
there were large summer and winter fisheries with
lower catches made in May and December. In

2This decline continued to 7.2 million pounds in 1950 then
leveled off at 4.0 in 1051,.4.8 in 1932, and about 4.5 million
pounds in 1953. .Total landings in United States ports declined

to 23.5 million pounds in 1950, 18.4 in 1951, 16.8 in 1952, and
about 13.5 in 1953.

1944, the summer fishery lasted only a short time
and the fall 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 suammer 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 obtained 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 are listed in table 8, and detailed
length frequencies are given in appendix tables
C-14 and C-15, pages 244 and 245,

TaBLE 8.—Numbers of yellowtail measured from southern
New England stock, by statistical area, 1941—47

{See fig. 1 for chart of statistical areas)

Statistical area—

Year and quarter Total

New England Banks South-

western
Long
Island

o] QR B

Year 1041;
1st quarter.
2d quarter..
3d quarter..
4th quarter........

Year 1942:
1st quarter.........
2d quarter.... R
3d quarter..-......
4th quarter........

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

Year 1944:
1st quarter...
24 quarter.
3d quarter.
4th quarter........ .

Year 1945: -
st quarter....._... 1,481 2,008 | . . 1) U (R, . 3,780
2d quarter. - E .

3d quarter.

Year 1W46:
1st quarter_..
2d quarter.
3d quarter.
4th quarter
Year 1847:
1st quarter_..
24 quarter__.. R
34 quarter._......_ .
4th quarter_....... 301 |- 1,008 400 ). ...

Total ... 14273 [ 21,196 | - 4.281 568 40. 318

The routine measurements were obtained with
the primary objective of having them representa-
tive of the landings. To ensure that the area of
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origin was known, only the catches from vessels
that fished a single area were sampled. A sample
of about 100 fish was selected for measuring in as
nearly random a manner as working conditions
would permit. The standard practice at the port
of New Bedford was to pack the fish in 125-pound
boxes as they were being unloaded. The boxes
were accessible to the measurers before being iced
and closed, and it was convenient to measure 20 or
25 fish from each box. A sample of 100 fish was
obtained from 4 or 5 boxes taken one at a time
from the unloading line as needed. Usually from
1,000 to 2,000 pounds of fish were unloaded be-
tween the boxes sampled. The fish were taken
from one end of each box from the top to the bot-

tom, with a special effort to avoid any selection..

In view of the difficulties of obtaining an accur-
ately representative sample (Hayne 1951), a
slight bias may have favored the large fish; but
the same technique was followed throughout the
investigations, and the bias, if any, should not
atfect the interpretation of trends in fish lengths.
Measurements were of the total length of the
fish—from the tip of the lower jaw (with the
mouth closed) to the end of the caudal fin.
Almost all measurcments were recorded on a
measuring board slotted to receive an aluminum
strip. The measurement was taken by pricking
a hole in the strip, which was marked off in two
parts to keep separate the records of the lengths
of males and females. This method of measuring
is very satisfactory, provides a rapid field method
suitable for use when fingers are too wet or too
cold to write, and is free of “digit bias,” which
has troubled other investigators who have meas-
ured large numbers of fish (Sette 1941). Later
in the laboratory, the lengths were tallied to the
half centimeter by superimposing a graduated
celluloid strip over the marked aluminum strip.
It became apparent quite early in the study that
the sexes differed in size composition, and com-
mencing in October 1942 most measurements were
kept separate by sex although the total sample
was obtained in as random a manner as possible
so that the number of each sex measured would
be representative of its numbers in the landings.
After opening a few fish to determine the condi-
tion of the sex organs, it was discovered that the
yellowtail could be sexed easily and accurately by
holding the white side to the 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 but 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 gaps also occurred because of the
fishermen’s habit of working in two or more areas
when fish are scarce. This was particularly true
in the yellowtail fishery, and many months when
the landings from an area were low it was not
possible to obtain a sample because the few land-
ings made were always 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,
which are fished mostly by Rhode Island and New
York fishermen, were landed to a large extent 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 catch according to area and time, and
second, by computing the effect of the maldistribu-
tion of the catch on the average length.

A comparison of the distribution of measure-
ments with the distribution of catch shows that
the discrepancies were not serious. When con-
sidered according to area, it is apparent that the
areas off No Mans Land and Nantucket Shoals,
which provided the bulk of the catch, were some-
what oversampled and the areas off Block Island
and Long Island were somewhat undersampled
(table 9). The distribution according to years
showed similar discrepancies, with 1943, 1944, and
1947 being undersampled and 1945 and 1946 being
oversampled. However, the distribution accord-
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ing to the calendar quarter shows excellent agree-
ment, with the maximum discrepancy between
measurements and landings being 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 are 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 average is increased by only 0.14 cm.
Finally, computations according to quarter show
even less change, 0.03 cm. Because of these very
small differences, we present the average length
compositions in the ensuing pages on the basis of
the actual number measured, and we consider
them representative.

TaBLE 9.—Quanlities of yellowtail landed and numbers
measured, by area, quarler, and year, 1943~47

Fish landed Fish measured
Thousand | Percent Number Percent
of pounds !

39, 672 20.0 13,818 37.3
83, 011 46.1 19, 838 53.5
24,110 17.6 3,003 83

9, 825 7.2 328 .9

136. 618 9.9 37.075 100. 0
42,914 28.2 11, 690 30.5
19,775 13.0 4,248 11.1
39, 448 25.9 10, 399 27.1
§0, 092 32.9 11,998 31.3
152,229 100.0 38,335 100.0
39,777 29.1 7,150 19.3
23, 406 17.1 4,303 11.8
22, 861 16.7 10,005 27.0
23, 867 17.5 9,039 24.4
26, 706 19.5 8, 578 17.7
138, 617 99.9 37,075 100.0

t Slight discrepancles oceur beeause of rounding off of the figures.
? Includes data from-4th quarter in 1942,

The samples obtained during 1941 and 1942
were less representative than later samples; they
were taken as opportunity afforded and sex data
are lacking. No attempt was made to sample
more heavily 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
compositions are not fully representative and res-
ervations will be made in using them.

7T . 1. v 1. 1 1t 1 1.1 1 11 T T 1T

3400} i
3200} .
3000 o————+ MALES .
2600} erveeneenee. FEMALES

——— TOTAL

NUMBER MEASURED
T

e

S
TR S T T N} 1 1
22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54

LENGTH - CENTIMETERS

Freure 7.—Length composition, by sex, of the yellowtﬁil
from the southern New England stock, 1943 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., whereas the males
averaged only 33.34 cm. It will be shown that
this difference in size is caused by 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 catch. In table 10 it may
be seen that above 33 cm. the females were more
numerous in the landings; under 33 cm. the
males were more numerous. It may be judged
also from the curves in figure 7 that the fishery is
fully utilizing only male yellowtail more than 33
cm. or females more than about 40 em. in length,
if we assume that this species decreases normally
in numbers as it increases in size. However, if
the total curve is considered, it may be judged
that both sexes are fully available when more than
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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 ratio 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.

TaABLE 10.—Length composition of yellowtail landed from
the southern New England stock, by sex, 1943—47

Number measured
Total length
Male Female | Total

2l5em.. .. ) S P 1
25cm._.__ ... 2 1 3
23.5CM.a e e 5 5 10
Mb5em. ... 17 10 27
25.5¢em. .o ... 44 21 65
26.5¢6m.._ . . ....._... 116 49 165
27.5¢cm. 84 321
28.5em. 460 193 653
29.5 em_ 72 440 1,169
30.5 em_ 1,227 762 1,
3L.5 em. 1,478 1,232 2,710
325em. ... 1,673 1,610 3,283
335em. ... 1,674 1,865 3,5
MbSem. ... 1, 517 1,035 3, 452
35.5CM. e o 1,246 1,951 3,197
86.5em. ... ... 72 , 886 2, 858
37.5em. - 1,973 2,633
38,5 em. - 413 1,774 2,187
30.5 em_ - 195 1,740 1,935
40,5 em_ R 111 1,622 1,733
415 em._ - 44 1,466 1,510
5cm. ... ... 16 1,209 1,225
435em_._________..__.. 14 861 875
45em._____._. 2 579 581
455¢em_ . ______ 1 415 416
85em. | 228 228
47.5 cro. 163 163
48,5 cm. 79 80
49.5 em 40
50.5 em 16 16
5l5em.___________ 8 8
52.5em._____.____ 2 2
S5em .. ... .. | ... 1 1

Total...._....._._. 12, 855 24,220 37.075

Mean length (em.). 33.34 37.21 35.87

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
average length was greatest in the first quarter,
January to March (37.40 cm.), least in the third
quarter, July to September (34.37 cm.), 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 arose
from heterogeneity of the population, since tag-
ging experiments indicated some segregation of

TABLE 11.—Percent length composition, by quarter, of yel-
lowtail landed from the southern New England stock, fourth
quarler, 1948 through 1947

Total length 1st quarter | 2d quarter | 3d quarter | 4th quarter
0.01 |- 0.02
____________ 0.02 0.01 .12
.02 .02 . .03 .21
.07 .12 .02 .45
.31 .8 .07 .51
.68 .99 .30 .38
.75 158 1.32 .44
.97 219 3.53 .90
1.10 3.22 6. 14 2. 62
2.30 5.87 8. 64 5.63
4,32 8.05 9.64 7.94
5.94 10. 86 10.37 9.78
7.82 11.61 10. 11 9.68
8.39 9,88 9.46 9, 68
8. 54 8.94 8.74 8.35
8.23 .27 7.27 7.68
7.98 5.70 6.65 7.09
7.42 4.38 4.89 5.72
6.06 4.33 4.30 5.37
6.07 4.07 3.20 4.62
524 3.70 2.36 4.38
5.18 2.99 1. 52 3.05
4.13 1.88 .81 2.01
2.88 111 .35 1.44
2.29 . . .87
1.34 .48
1.04 .28
.50 .
.2
.10
.06
99. 97
37.40

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

Segregating the length data according to
statistical area 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 85.66 cm., from off Block Is-
land 35.23 cm., and from off Long Island 34.27
em. These figures show statistically what is com-
mon knowledge among the fishermen, but since
the figures are associated with 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 Nantucket Shoals area (O)
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 there was no clear-cut sea-
sonal pattern in the size changes. It should be
noted that in areas from Block Island to Nan-
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Ficure 8.—Percent length composition, by quarter, of yel-
lowtail from the southern New England stock, fourth
quarter 1942 through 1947. (N=number of fish.)

tucket Shoals for which we have adequate sam-
ples, the difference in average size (1.12 cm.
maximum) was markedly less than the difference
among seasons (3.02 cm. maximum).

The length compositions from 1941 to 1947 are
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 subse-
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.®

The yellowtail were smallest in 1942 (34.22 cm.)
and largest in 1945 (36.37 cm.). Even this small
difference (2.22 em.) probably was largely the re-

3Such a trend apparently did develop according to reports.
after 1951, when the very small annual catches were largely com-
prised of ‘peewee” yellowtail.
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Ficure 9.—Percent length composition, by statistical area,
of yellowtail from the southern New England stock,
1043 through 1947, (N=number of fish,)

sult of a change in the habits of the fishermen.
The length-composition curve for 1942 (and to a
lesser degree for 1941) differs appreciably from
the curves for later years by including a mode of
smaller 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-
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TABLE 12.—Percent length composition, by statistical area,
of yellowtail landed from the southern New England stock,
194347

[See fig. 1 for chart of statistical areas]

Total length Subarea Subareas Subarea Area
o) - 8 XXIII

21.5em 0.0 || =
22.5 cm .01 0.01 0.03
23.5cm .03 = N
24.5¢cm .09 .06 .10
25.5em. . .10 .18 .48
26.5em. - .28 .46 123
27.5em .45 1.06 1.52 0.61
285¢m.__ 1,28 2,01 2.17 3.05
205cm.__ 2.69 3.51 2.78 4. 57
30.5¢em._ _ 5. 61 5.12 5. 59 7.62
3l5em__ 7.30 7.16 815 8.54
32.5¢cm- - 8.58 8.79 10.38 10.06
33.5 cm 8.49 9.98 10. 54 18.60
34.5cm 8.55 9.60 10.35 14.03
35,5 cm 7.86 9.15 873 7.93
36.5 cm 7.20 8.25 6.89 5.49
37.5cm 7.32 7.06 6.60 518
38.5 cm 5.86 6.13 478 3.96
3%.5em.. 5.70 5.04 4.49 274
40.5¢em. - 5.43 4.23 424 3.66
41.5cm.__ 494 3.60 3.39 213
42.5cm. . 3.69 3.11 3.10 .61
43.5em.. 2.94 2,02 2,20 femmommceom
dd5em. . 1.99 135 1.13 .8l
45.5em._ _ 1.43 .99 .71
46.5 em. _ .80 .54 3
47.5¢cm._ .68 .32
48.5em._ .40 .12
49.5 em 18
50.5 cm .06
5l.5em.. .04
52.5cm.. 1) N R
54,5 cm Ol foe s

017 99, 99 100. 01

Mean length (em.). 36.35 35.66

TasLE 13.—Percent length composition, by years, of yellow-
tail from the southern New England stock, 1941-47

Length 1941 | 1942 | 1043 | 1044 | 1945 | 1946 | 1047
P X1 W I (1178 [ I,
21,5 cra - .08 [-- (T
22,5 cm. - Y3 P 0.01 | .o1| 0,02
23.5 cm .98 | 001 0.07 04 .02 |eee..
24.5cm- . 2.08| .o4| .21 (10| .03 03
25,5 cm.__ S 20| 12| 2 (19| .14 .18
26.5 em__ 25| 1so| .a9| ® 5| | 52
275¢cm. ... 1.52) 196| .o1] .8 88| .67 1.08
285em. .. 127 220 1,58 1..35{ 1L74{ 178 2.28
205¢em.. ... -l 78| 3.23| 248| 2.401 324 3.35| 302
30.5¢em- ... 7.87| 584 401] 518] 4.60| A.53| 6.52
3l.5cm .. 6.85| 7.5 | 6.35| 8.55| 6.42| 7.56( 856
a2.5cm. .- 6.3410.25| 878 9.32| 728 9.33)10.31
33.5¢em____ 7.11| 9.07| 9.50|10.83! 8.08| 9.82| 10.61
34.5cm._ 863| 0.48| 88| 9.83] 836 9.87| 1011
35.5 cm._ . 1.17) 927} 0.3 892 84| 7.79( 911
36.5 cm 10.66| 7.5 | 8.24| 7.64| 802| 7.30| 7.26
37.5 em 9.6¢4| 617 7.51| 7231 7.87| 6.97| 550
38.5 cm 5.58| 4.90| 6.76| 530 6.61] 572| 4.53
30.5 em 58| 421 610 518 552| 516| 3.92
40.5 cm 5.8 | 3.47| 401| 372] 521| 48| 4.03
41.5em_ - . 3.55| 2045 452| 312] 4.17| 438/ 3.63
425¢em___ .. 3.55| 1.84| 310 321 3.8 3.08| 310
4350m______ 1.52| e8] 260| 1.88| 2.91| 2.08| 1.96
45cm._ .. 51| .es| T.a0| 1.84{ 208] 1.35| 1.17
456em__ ... .51 .23 1.02 1.14 1.69 .78 .82
48.5cm_____. 8| 54| el wo7| 40| .2
47.5 cm 43| . 64 3| L2
485 em_ . 7 ;38 .16) .12
49.5cm__ o8| .13 o6
50.5 cm 07| .03} .03
51.5 em 03| .o1| .03
52,5 01 |
54, -
b 100.03 | 99.97 | 90.98
Mean length (em.)-. 36.37 | 35.67 | 35.22
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Freure 10.—Percent length composition, by year, of yel-

lowtail from the southern New England stock, 194147,
(N=number of fish.)

ermen were catching yellowtail in great quantities
accompanied by few other fish, and in such situa-
tions there is an understandable tendency to ice
down the entire catch and neglect the few fish that
might otherwise be culled. Furthermore, these
small fish were mostly from the 1941 year class,
which we later found was the largest year class to
occur 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-
ponderance of measurements were obtained during
the fall season; however, the size composition by
quarters indicates that the size during the fourth
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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 (1987) 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 Baranoff’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 mature and averaged about 48
cm. 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 cm.). . .

The European plaice and the yellowtail which
it closely resembles belong to the same family,
the Pleuronectidae. The plaice attains almost the
same maximum size as the yellowtail, although
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.

Despite the difference in the length 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 stocks of fish to accumulate far

above their prewar levels. Thursby-Pelham
(1939, p. 53) has shown that 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 data with similar data
from the yellowtail. We have arbitrarily estab-
lished a large yellowtail category as including
fish of more than 40 cm. total length and a small,
as including fish of less than 30 em. These cate-
gories differ somewhat from the 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.
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Ficure 11.—Comparison of the trends in proportions of
large and 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.
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This matter will be discussed further after data
on abundance, age, and rate of growth have been
presented.

LENGTH-WEIGHT RELATION

The regression of weight on length of the 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
to changing ecological conditions. Information
obtained during each quarter of 1943 provided a
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
measured for length (p. 186). Usually a sample
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.

TaBLE 14.—Numbers of yellowtail from the southern New
England stock, by subarea and by sex, weighed and meas-
ured during 1943

Statistical subarea Sex

Date Total
(¢] Q 8 Male | Female
153 223 376
54 204 258
2i 255 276
62 141 203

290 823 1,113

The lengths were obtained on a measuring board
and the weights on balances provided with special

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=alt,
Changing this to logarithms, of course, reduces
it to
Log W=Loga+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 all 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 with 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-
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TaBLE 15— Reduced length-weight data for yellowtail from the southern New England stock, by quarters, 1943

[n=number of specimens; T=summation; z=logarithm of length in decimeters; y=logarithm of weight in tenths of pounds]

1st quarter 2d quarter 3d quarter 4th quarter
Factors
Male Female Male Female Male Female Male Female

B e —mm e 153 223 54 204 21 256 62 141

b S, 82.78 103. 63 27.90 110.15 10. 66 137. 53 32.50 .31
poIF £ LN 44, 9604 77. 0831 14. 4832 59. 7513 5. 4468 74, 7535 17. 1322 47.1623
ZYoeo o 140. 44 241.93 44,03 183. 920 16.69 228,21 53.35 148.04
Z(-n2. ... 130. 9540 269, 0343 36. 4677 179. 7234 13. 5071 209, 5729 46, 7119 153, 5402
S@-Z)(Y-)------ 76. 5202 143. 5529 22. 9311 103. 2014 &, 5628 124, 7938 28,2332 86. 2542

TaBLE 16.—Length-weight regression formulas for yellowtail
from the southern New England stock, by quarter and sezx,
1943

Number
Quarter and sex of specl- Formula !
mens
1st. quarter:
ale._____..____.._ 153 y=3.15582-0.7895
Female . _..__..... 223 7 =3.3838z~ 8972
Both sexes_...__... 376 y=3 4102r- 9187

54 y=2.6730z- 50657
204 y=3.0348z- 7078

Both sexes.._._... 258 y=3.0667z- 7289
3d quarter:
Male ._____..__.... 21 y=2.5440z- 4071

255 y=2.95772z~ .7002
278 y=3.9400r~ .6917

62 y=2.7804z- €017
141 y=3.2340x- .8150

y=3.2377r .8220

Both sexes. _._____ 203

All quarters:

Male ... 290 y=3.0002z- .7188
Female.. .__._.___... 823 ¥=3.2353z- 8249
Both sexes. _._._._ 1,113 y=3.2310z- .8259

lz=logarithm of length in decimeters; y=estimated logarithm of weight
in tenths of pounds.

TABLE 17.—Comparison of the weight of male and female
yellowtail, by quarter, at the mean length of 36.869 c¢m.

[In pounds]
Ratio of dif-
Quarter Male Female | Differ- | ference to
ence . weight of
1 males
Percent .
0.914 0. 955 0.041 4.5
.828 .45 119 14.4
.822 . 872 .50 a.1
. 882 . 953 071 8.0
. 892 . 933 .41 4.8

ence between the sexes at the onset of spawning
in early April is probably even greater.

The differences in the length-weight relation
among quarters also are considerable. Yellow-

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
to the method used by Kendall (1952, p. 239) 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 are highly significant.

Further consideration of the covariance analysis
indicates that the slopes of the regression lines of
the males, which are consistently lower than those
of the females, are significantly so during the third
and fourth quarters. Thus it appears that the
males, in addition to being surpassed in numbers
and dominated in length by the females (p. 188),
become more slender compared with the females
as they grow older.

These differences between the sexes and 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
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TaBLE 18.—Summary of covariance analysis of length-weight data on yellowtail

I. COMPARISON OF SEXES BY QUARTER

1st quarter 24 quarter 3d quarter 4th quarter
Source of variation
Degreesoff] Mean F  |Degreesof| Mean F  |Degreesoff Mean F  |Degreesof] Mean F
freedom | square freedom | square freedom | square freedom | square
Deviations from individual sample
regression. ..o eaaaoa. 372 | 0.00184 |..____.. 254 | 0.00212 |__...--_ 272 ] 0.00105 J.—_.__ 199 [ 0.00154 |..._____
Difference between regression coeffi-
elents. e s 1 . 0069 3.7 1 . 0079 3.73 1 . 0058 15.52 1 .0141 20.16
Difference between adjusted means__ 1 L0245 {213.17 1 . 0867 | 240.51 1 . 0004 .38 1 . 0225 213.98
Difference between samples____....._. 2 . 0157 28,53 2 .0473 [222.31 2 . 0031 2.95 2 . 0183 211.8
II. COMPARISON OF QUARTERS BY SEX
-Male ) Female
Source of variation i
- Degreesof| Mean F  |Degreesof| Mean F
freedom | square freedom | square
Deviations from individual sample regression._ .. ... .. ieemiicieocceeeno—e—ees 282 | 0.00168 [.....__- 815 | 0.00165 |..._....
Ditference between regression coefficlents 3 . 0068 14,05 3 . 0202 212.4
Difference hetween adjusted means.__..____ 3 . 0140 28.04 3 . 0855 2 50. 00
Difference between Sam pPIeS. .. mmmm—emammm e mmmmm e 6 . 0104 26.19 6 . 0528 232.00

L Expected less than once in 20 times by chance.

? Expected less than once in» 100 times by chance.
since the length-weight data were from samples
taken at random and include representative num-
bers of males and females we regard the total
values for each quarter as representative and have
not segregated the data by sex.?

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 27.83 em. (0.38 1b.)
and the “upper limit” was 46.7 ecm. (2.17 1b.).
The average length was 35.87 cm. (0.93 1b.). The
smaller. value reflects selection by the fishermen
as influenced by buyers interested in filleting the
fish. The buyers estimate that an average of 40
percent of the weight is recoverable as fillets. If

4 We have estimated the discrepancy arising from varying pro-
portlons of the sexes by calculating the: average weight of the
yellowtail In the second quarter (when the greatest difference
between the sexes occurs) for each sex by using the aggregate
formula, and we found that the maximum difference between the
sexes In average welght was 8.7 percent. Because of the small
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.

WEIGHT - POUNDS

[ R U TR S NN (SN SN TS WIS NN T U N |
20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54

1

LENGTH- CENTIMETERS

FIGURE 12.——Avérage length-weight relation of yellowtail
landed from the southern New England st({ck during
1943. The dotted lines are plus and minus twice the
standard error of estimate and enclose about 95 per-
cent of the observations.

this was true of the small fish,° the lower limit of
desirable fillet weight would be about 0.076 pound,
or just over 1 ounce. The average-size fillet
weighed (.186 pound, or about 3 ounces, and the
maximum 0.434 pound, or about. 7 ounces.

5 Small fish were disliked by the filleters because of higher cost
and lower yield, but data on fillet recovery were not obtained.
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TaBLE 19.—Estimaled weight, by quarters, of yellowtail of
each length group in the landings from the southern New
England stock, during 1943

[In pounds]

Length 1st quarter | 2d quarter | 3d quarter {4th quarter| Year
20.5em. oo 0.0 || 0.15 0.15
21.5 cm. . .18 - — .18 L18
22.5 cm .19 0.22 0.22 .21 .20
23.5 cm .22 .25 .25 .24 .24
24.5 em .26 .29 .28 L7 .27
25.5 em.. .29 .33 . .31 .31
26.5 em. .33 .37 . .35 .35
27.5 em.. .38 .4 . .40 .39
28.5 em.._ .43 .48 . .45 .44
29.5 em.. .48 .51 . .50 .19
30.6 em... .54 .56 . .56 .56
31.56 cm. .60 .62 . .62 .61
32.5 cm .67 .68 . ; .68 .67
33.5 em .74 .75 . .75 .74
34.5em.. .82 .82 . .83 .82
35.5 em... .91 .90 . .01 .89
36.5 cm._ 1.00 .98 . .99 .98
37.5em._ 1.09 1.06 . 1.08 1.07
38.5cm.. L20 115 1 1.18 118
39.5em.. 1.30 L 1. 128 1.26
40.5 cm 1.42 1.34 L 1.39 1.37
41.5 em 1. 54 1.44 L 151 1.48
42.5 cm. 1.88 1.58 1. 1.63 1. 60
43.5cm.. 1.81 1.68 1 1.78 173
44.5cm.. 1.96 1.79 1 1.89 1.86
45.5 cm:._ 2.11 1.92 1. 2.03 2.00
46.5cm.. 2.28 2.05 1 2,18 2 14
47.5cm.. 2.45 2.19 1. 2.33 2.29
48.5 em 2.63 2,33 2, 2.50 2.45
49.5 cm 2,82 2.48 2, 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 3.3 3.17
53.5 em... 3.68 |- ,3.43 3.37
S4.5em ... VSRR VSRR (S 3.64 3.58

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:

_ 3N L W[,
W_TT
Ny=number in each length group (appendix
tables C-14 and C-15, pp. 244-5), Wo=average
weight of yellowtail of the corresponding length
in that -quarter (table 19), Nr=total number
measured during the quarter. After determining
the average weight of the fish, the landings in
thousands of pounds are converted to number of
fish (table 21).

CATCH PER UNIT OF EFFORT

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

lation or the equivalent as defined by Marr (1951),
the relative apparent abundance.®

TaBLE 20.—Average weight of yellowtail, by quarters, landed
from the southern New England stock, 1942-47

{In pounds]

1943 1944 1945 1946 1947

1.17309 | 1.05247 | 1.26689 | 1.
L90554 | 14412 | 94403 | .87770
.86310 | .80208 | .76025 ( .78118 | 75504

1.04952 | .99991 | 1.00915 | .98079 | .95558

TaBLE 21.—Number of yellowtail, by quarters, landed from
the southern New England stock, 1948-47

[In thousands of fish]

Quarter 1042 1943 1944 1945 1046 1947

11,669 | 10,401 4,970 6,099 5, 136
7. 569 6, 232 1§75 2. 999 4,370
16, 553 7,114 8,909 8, 866 ,
4,714 2,116 8,229 9,484 | 10,267

40,505 | 25,863 25, 448 | 29,461

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 under study.
Finally, since vessels seeking yellowtail fish as a
fleet and freely exchange information by radio
and in port, they naturally concentrate where the
fish are concentrated. Their fishing is far from
randomly distributed. They avoid for months, or
even years, areas where yellowtail are judged to
be scattered and the risk of an unproductive trip
is too great. There appears to be no possibility
of obtaining a measure of abundance from this
fishing activity that wonld be based on fishing
effort distributed over the range of the stock. We,
therefore, considered as an alternative obtaining
a measure representative of the activities of the
entire fleet.

6 We shall use the terms in the sense defined by Marr as
follows : Abundance, the absolute number of individuals in the
population ;: availability, the degree or percentage to which a
population is accessible to the fishery: apparent abundance.
abundance as affected by availability : and catch per unit of
effort. an index number related to the apparent abundance.
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Meeting these three criteria was necessarily a
compromise with the characteristics 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 gross 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 has 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 Iarge rollers, Usually, the doors were
attached on pennants from 1 to 8 fathoms from
the net. Vignernon-Dahl 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 crews 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 catch a mixture of
several species.

After several attempts to select particular ves-
sels from the fleet, which would provide a con-
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 eliminated the very
small ones which 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
of yellowtail and other species; consequently, we
further restricted our data to landings comprised
of more than 75 percent 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 a day
of 24 hours actual fishing on the grounds and to
consider the small amount of entirely daylight
fishing according to the actual time fished. Infor-
mation on fishing effort was obtained almost en-
tirely at the port of New Bedford, where the cap-
tain of each vessel landing was interviewed to
determine where he had fished, what he had
caught, 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 obtained a few days each week
until the éarly part of 1943 after which they were
made daily (except for some interruptions caused
by personnel changes). Prior to October 1942, a
considerable number of cooperating captains had
kept detailed logbook records, which made it
possible for us to estimate the catch per 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 catch 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 substantial proportion of the
landings included and the fact that the New Bed-
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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 experi-
enced by the entire fleet.

TABLE 22.—Percent of yellowtail landings from the southern
é\/’ew England stock tncluded in calch per unit-of-effort
ata

Period Percent Perlod Percent
25. 1
1.4 31.6
16.7 32.7
24.0 36.2
14.1 3.0

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 quarter 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 per 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 becomes
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 an increase
in the catch.

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 mortalities.
It is of interest to note that the catch per day in
terms of numbers of fish landed greatly accentu-

476995 0—50—3

TasLe 23.—Caich per unil of effort of yellowtail from the
southern New England stock, by year and quarter, 1948-49

{Averages not weighted]
Catch per day
Catch
Year and quarter (thou- | Days
sands of | fished! Num-
pounds) ! Pounds| ber of
fish 2
Year 1942:
1st quarter 2.
2d quarter 3__ -
3d quarter 3__
4thquarter. _____.____ . __________
Averaged . |eceeeceo. | 602.9 | 11,004 |...._._.
Year 1943:
18t quarter. . 208. 5,742
2d quarter_ 3 6, 090
3d quarter. , 035. 12,373
4th quarter__ 231. 5,612
Total and average .. _._______._| 9,55L.9 |--cc_.__ 7,205 |—ccceaee
Year 1944: ’
Ist quarter__ . __.________ 1,482.3 | 243.4 | 6,090 5, 786
quarter. 226.9 4.7 5,076 6, 821
3d quarter. 1,433.8 | 178.0 055 | 10,043
4th quarter_ 161.0 38.61 4171 4,171
Total and average. ______________ 3.304.0 |- .- 5848 | .
Year 1945:
Ist quarter_ .. .079. 159.4 | 6,774 5,347
2d quarter 3__ 3 8.8 5750 6,091
3d quarter.__ . 181.1 | 9,580 | 12,613
4th quarter_ ... X 310.7 | 9,217 9,133
Total and average. . ._...________ 5, 730.5 |- 7
Year 1946:
Istquarter o _ X 188.4 | 6,467 6,007
2d quarter___ 370.3 52.3 | 7.080 8§, 066
3d quarter. . . 3 263.5 | 8,100 10,369
4th quarter.._______ . 543.2 1 7,049 7,187
Total and average...._.___.___...| 7.552.2 [.co..__. (20 &2 %) -
Year 1947:
Ist quarter..._ ... __.__ . 482, 259.7 | 5,709 5,415
2d quarter_. . 142.8 | 5,158 5412
3d quarter. .. . 468, 265. 1 9,311 12,332
4th quarter_ _____. .. ______.____ 7. 749.6 | 5.399 5, 650
Total and average......__.____._. 8,734.9 |- . 6,304 |-—corno
Year 1048;
Ist quarter. ..o . 895, 540. 1
2d quarter_.__ . 388, 292.0
3d quarter... , 280, 412, 6
4th quarter. oo . 997, 591.3
Total and average. ... ... 8, 570.8 |--- - 4,720 |--ceme-
Year 1949:
1st quarter. 1, 692, 594.9
2d quarter. 216.3 76.5
34 quarter. - 449.5 73.8
Ath quarter_ . oo ______ 1,555.7 | 379.5
Total and average. . ... 3,013.5 |oceeaen 3,965 [-coee-
Average, 1042-40: ¢
1st quarter. 5, 808
2d quarter.
3d quarter. .
4th quarter._ .
Grand average_ .- - ocomcom |l 6,732 |-cceeee-

1 Catch (in thousands of pounds) and days fished from interviewed vessels
of 26 to 50 gross tons landing more than 75 percent yellowtail on each trip,

? Estimates based on average weights from table 20, p. 195.

3 Includes the catch and days fished times 0.796 of trawlers from § to 25
gross tons. (See text, p. 196.)

1 Unweighted average.

ates the seasonal fluctuation because of the tend-
ency for yellowtail to run larger in the winter
fishery and smaller in the summer.
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FicuRe 13.—Trend in relative apparent abundahce, by
quarters, of yellowtail from the southern New England
stock, 1942 through 1949.
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Ficurg 14.—Trends in relative apparent abundance and
landings of yellowtail from the southern New England
stock, 1942 through 1949.

Fishing Effort

The catch per 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.

TABLE 24.— Number of standard days fished for yellowtail on
southern New England grounds, by quarters, 194249

[Data computed from tables 7 and 23]

Quarter 1942 | 1043 | 1944 | 1945 | 1946 | 1947 | 1048 | 1949

1,798 930 | 1,015 948 | 1,417 { 1,212
914 322 372 37
708 706 662 786 | 1,117 322
507 901 | 1,320 | 1,817 | 1.312 939

Total.._.{ 6,264 | 5 453 | 3,927 | 2,859 | 3,360 | 4,358 | 4,608 | 2,843

It is obvious immediately 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).

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 year and thereby obtain an estimate of
the recruitment and mortality rates; and (2) to
estimate the rate of growth.

Early in the investigation consideration was
given to the best method of determining the age
of the fish. The Petersen method of using modes
in the length-frequency distribution showed little
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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.” 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
were the most satisfactory to use. Careful exami-
nation of 13 different areas on the yellowtail re-
vealed that the largest® 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; 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
same manner 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 nreasured. 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, 214 inches long by
14 inch wide by 0.020 inch thick, were warmed

7 8cott (1954) used otoliths In his studies of the yellowtail
from Cape Cod and the Nova Scotlan Banks. He found otoliths
about as difficult to read as scales from the Cape Cod area but
much easfer than scales from the Nova Scotlan area.

8 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 scales near the
head and along the edges of the fins.

on a metal box heated by a 60-watt bulb to a tem-
perature a little hotter than the hand could
stand. Four or five scales were placed on a strip
with the rough sides in contact. The scales were
selected without aid of a microscope because the
regenerated 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; 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 latter are usually incomplete. The outer edge
of the growth zone is marked by a prominent, com-
plete circulus, which is concentrie 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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Fieure 15.—Scales of yellowtail flounder: A, 8.2 em. specimen, 1 annulus, April 1944 ; B, 16.8 cmn. specimen, 1 annulus,
September 1944 ; C, 27 cm. specimen, 2 annuli, May 1943 : D, 36 cm. specimen, 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 spaced 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 scale samples taken
throughout the year revealed that the new growth
ring begins to form from January to March, and
that it is apparent earliest in fish with two com-
pleted rings and later in the older fish. By the
middle of March, almost all scales show the begin-
ning of the new 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 added 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-
sition 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 each age is very close to the
maximum length observed.

The age determinations 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
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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 ages 7 and older in the other
quarters.

Scales that were not read identically by the two
readers were discarded. Since the scales become
more difficult to read with increasing age of the
fish, discarding them could change 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 determined from
scales are compared with the percentage length
distributions of the fish that were measured.
Only very small differences in composition are
evident, the greatest difference being a greater
percentage of females in the 39- to 43-cm. group
of aged fish which was compensated by a smaller
percentage in the 35- to 38-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,

14 'V‘ﬁ—r T T T T T T T 1 T T T 1 T T T
13+ N
2l /MALES i
Ths e———» AGES DETERMINED -
~—— TOTAL MEASURED
10 |-
9
= 8l
-4
uw
& 7
w
a
6 -
5 -
4 -
3
2+
l -
° l 1

LENGTH -~ CENTIMETERS

Fi1cUure 16.—Comparison of the percent length distribu-
tions of 7,921 yellowtail whose ages were determined
from scales with 387,075 fish that were measured, 1943
through 1947.
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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 from
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 cm. 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
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TaBLE 25.—Number of age delerminations of yellowtail,
I;y se1=4and quarter, from the southern New England stock,
942—47

Undeter-
Year and quarter Male Female | mined Total
sex

Year 1942:

ist quarter. ... ___ 10 15 |oae o 25

2dquarter .. .|| 368 388

3dquarter- .| |amemeae.- 74 74

4th quarter. 48 50 158 256
Year 1943:

1st quarter._. 2 205

2d quarter_ . _ 160 679

3d quarter__.___.._. 30 175

4th quarter....._._.___..__._. 42 402
Year 1944:

1st quarter.__ .. ... ._._. 20 923

2d quarter. 56 124

34 quarter. 46 144

4th quarter. 77 244
Year 1945:

Ist quarter.._....__._. - 298 884

2d quarter...._..._.._ - 39 100

3d quarter...._.___._. - 256 668

4thquarter._........._....._ 264 739
Year 1046:

st quarter._________._.._____ 239 647

2d quarter. 13 25

34 quarter. 326 908

4th quarter. 326 808
Year 1947:

ist quarter. .._.______. - 79 200

2d quarter_ .. ._._._.__ - 146 425

3d quarter._.._....... o 149 499

4thquarter_ ... _________ 144 422

Total. ..o 2,791 9, 204

TABLE 26.—Mean lengths of yellowtail at time of capture, by sex and age, from southern New England stock, 19/2-47

[Computed from 10 or more age determinations]

Mean length (in centimeters) of—

Time of capture Males with— Females with— Undetermined sex with—
ﬁ = = = = .E = = = = E] E :’: = = = = = E
El E] S S El E] E) | B ] £l ] Cl =} El E] =
g B ] B g a8 g g ] g g ] £ a a g
E|E|E| 8|2 |88 |8 8|6 |8 |5|8|5|5|8|5|§]|3
- ™ o« -« w - a ™ -« w © ~ - o~ ) - n o ~
Year 1942:
dquarter——. .. e e e e e e e e e e
ddquarter..._ .| e o e e e e
dthquarter.._.________.___|......|8 358 | .- V. . .t _....13261861 | .} -c-.
Year 1943:
1st quarter.
2d quarter.
3d quarter.
4th quarter_._._.__._.
Year 1944:
1st quarter_._____.__._._.___.
2dquarter...._ . |eeooo e | BL8 e | 8808 e
3dquarter........ ... _ || ... ]8L9 | |eeea|iaei |- 183.8|88.2 [ _.__.
dthquarter.._. .. ______..___|....._|30.6|33.8|37.4 | . .| ...
Year 1945:
1st quarter___ 37.5 1 38.5 |....__ 34.8 | 38.1141.2 |43
2d quarter____ 3.6 [ |l 33.7|37 | .-
3d quarter___ 34.5 ... |- 31.7 | 35.7 | 37.4 | 30.9
4thquarter____._..__.._._.. 35.7 382 |..._. 33.6 | 36.4 | 38.5 | 41.3
Year 1946:
Istquarter_._______________ . . W2 ... 28.1 | 34.8 § 37.6 | 41 43.2
3dquarter.___.______._..___|...... 30.2 | 33.8 | 34.9 |.__._. o.--.| 81.5|35.2137.7|40.1
d4thquarter....__. ... . ___j...... 81.8|34.5 359 |37.3 |-..._. 33.3 136.7 | 39 40.7
Year 1947:
1st quarter__ . 33.8 (37.2 |- ]-..-.. 29.9 | 35.2 | 38.2 | 41.8 | 42. 4
2d quarter. 20.5 ) 32.6 857301 ). 31.11]84.937.9]40.7
3d quarter... .| 30.5{82.81385 }37.5|..... 32.1 | 34.0(37.7]40.3
dthquarter._________.______|...... 32 34.3 (3 || 33.5 | 36.6 | 38.8 | 41.5
Average, 1942-47:
Istquarter________..__.___. 27.9 38 41.1 | 43 48 [ 27.1 | 32 85.4 | 37.5 | 40.2 [ 43.5 ...
2dquarter____.____..__.____|..___. 34.2 1 37.90 | 40.6 (42,2 [ 44.5 | ____. 29 33.2 | 34.7 | 36.6 | 38.8 | 30.8
3dquarter..._. ... _.____|...... 34.8 | 37.7 | 40.1 | 42.4 | 44.3 | ___ 30.1 (33937 |.....- RN
dthquarter.....__..__._____|...... 36.7 | 39 41.1 | 43.2 | 46.4 [ .____ 33.6 | 36.4 | 39.5 | 42 4.9 |..._..
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Ficure 17.—Mean lengths of yellowtail, by ages and quar-
ters, in the landings from the southern New England
stock, fourth quarter 1942 through 1947.

grow faster than the males, as was to be expected
from the observation that females attain a greater
size. They were 4.5 percent 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 groups.

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
succeeding first and second quarters, in both of
which the fish are of about the same average size.
One would expect slow growth in winter and
rapid growth in summer, except perhaps during
the spawning period from April through June.
Although reduction of the mean length of an age
group might occur among the younger groups be-
cause of seasonal changes in gear selectivity, it
would not be expected 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

counted in the fourth quarter of the fish’s year of
life 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
of the cycle in all age groups after the yearling.
Since 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 year and that
these populations were growing at slightly differ-
ent rates.

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 (table 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 example, 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 fourth quarters. In addition, the
heaviest fish were found during the coldest season
when we would expect the rate 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 each
year of life in the fishery. This results, in part,
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Figure 18.—Growth in weight of yellowtail from the
southern New England stock canght 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 third 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 very
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-annuli and older fish in other quarters.
This combination of age groups is probably re-
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TaBLE 27.—Mean weights and growth rates of yellowtail, by
quarter, age, and sex, from the southern New England
stock, 1942-47

Males Females Sexes Instan-
Number of com- | taneous
annuli bined, growth
Mean { Num- | Mean | Num- |weighted| rate
weight | ber | weight| ber mean
1st quarter: Pounds Pounds Pounds
1annulus_._.... 0. 4137 51 | 0. 4543 28 0. 4281 0.619
2 annuli.. | .7229 250 | .8610 268 . 7948 R
3 annuli.. . 9089 238 | 1. 1607 205 1.0483 ' 300
4 annul 1. 0698 97 | 1.5129 285 1. 4003 N 194
5 annuli.. 1.2203 23 | 1.7634 172 1. 7004 -
Gannuli..... | |-.aaas 2,2168 148 2, 2168 *
2d quarter:
lannulus___.___|.____ R RRSSRPRR SRR RSt B
2 annuli . 5724 95 | 5357 340
8 annul . 8181 389 . 7520 T048
4 annul 1. 1172 120 . 9632 N
5 annuli.. 1, 3769 128 1. 2813 176
6 annuli.. 1, 5485 77| 15288 174
7 annuli 1. 8200 41 1, 8200 "
3d quarter:
lannalus_.. .. |....___. 3| ... 8| .
2 annuli.. - 5346 432 | . 6052 578 . 6750 267
3annuli.. 6694 210 | .7974 3 . 75607 214
4 annuli 7661 145 | 1.0010 334 . 9209 246
5 annul 8054 17 (L2124 | 216 1.1803 “185
6annali.. ... .| ... |- 1. 4807 1. 4307 120
03,171 | SUPURRON DN IR, 1, 6280 14 1, 6280
4th quarter:
1 annulus.......| .3792 51 .2300 5 . 3341 732
2 annuli.. . 427 . 6945 {987
3 annuli._ 316 . 9257 192
4annuli.. L1214 232
5 annuli 323 1. 4134 207
6 annuli. 141 1.7386 231
7 annuli. . 53 2, 1903
All quarters__j_.._.._. 2,733 |- .. 5,101 | | ..o
SUMMARY
Mean instan-
taneous growth
Age groups: rate
1-2 apnuli
2-3 annuli.
3-4 annuli_
4-5 annuli.

5-6 annuli-
6-7 annuli.

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 samples at each age from 1943
through 1947. We then computed the instan-
taneous growth rate (&) for each age in the four
quarters from the formula
et=1+b

in which b is the fractional increase in weight
over that at the beginning of the year (after
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Ricker 1945). The values for each quarter were
then combined in a geometric mean for each age.

The resulting growth rates commence at 0.673
between ages 1 and 2, drop abruptly to 0.291 the
next year, and then decrease to 0.173 between ages
6 and 7. The first of these growth rates is prob-
ably much too low—not only because of the gear
selectivity mentioned earlier, but because the year-
ling group was represented only during the last
half of its year of life (fourth and first calendar
quarters) when the fish had already accom-
plished most of their season’s growth. The growth
rate from 2 to 3 years is probably somewhat low
also because of gear selectivity.

The measurements of the fish for which we have
scale readings provide valuable checks on the va-
lidity of the readings. First, the mean lengths
are in close agreement, except in the older age
groups, with those obtained by Scott (1954), who
aged his fish by otoliths. In table 28 we have
compared Scott’s readings from otoliths collected
during July 1946 in the New Bedford fishery with
our determinations from scales collected during
the entire third quarter 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 otoliths 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
otoliths because a slightly greater proportion of
older fish were found; but we also notice that no
fish of greater age were found in either sex by

TABLE 28.—Mean lengths of yellowtail flounder, by age
groups and ser, as determined from ololiths and from
scales, third quarter 1946

[In centimeters; number of specimens in parentheses)

Length of males Length of females
determined from—| determined from—
Age group
Otoliths! | Scales | Otoliths! | Seales
e 17.5
(1)
S, 20,1 30.2 30,2 3L.&
(23) (212) (23) (281)
[ S 34, 33.8 35.0 35.2
(14) (35) (20) (88)
[ T 3.4 34,9 37.3 37.
(23) (73) (138) (109
| 35.3 36.8 8.3 40,
(12) (6) (40) (126)
[ JR AR I 38.7 42,
) (22)
(R S R 42,0 43.7
(5) (5)

! Collected In July (Scott 1954),

means of the otoliths. Moreover, the possibility
remains that the scales and otoliths were obtained
from somewhat different populations because of
an abrupt. change in the principal fishing grounds
between July and August 1946 (table 3). There-
fore we do not consider that these discrepancies
indicate faults in the scale-reading technigue.

The differences among populations within the
southern New England stock, as suggested by com-
parison of the otolith and scale samples and by
the discrepancies in attained size in different
quarters, are much smaller than those between the
southern New England and Nova Scotian yellow-
tail. Scott (1954) found that the yellowtail on
Middle Ground and Western Bank areas of the
Nova Scotian Banks grew much more rapidly than
the Cape Cod yellowtail, except during the second
and third years of life. However, in the second
year the growth of the southern New England
yellowtail so far exceeded the growth of the Nova
Scotian fish that the attained length of the south-
ern New England fish was the greater until about
the seventh year. At this age, when the southern
New England yellowtail had nearly all died, the
female Nova Scotian yellowtail were just matur-
ing. They continued to grow until the modal ages
in the catch were 9 and 10 years at lengths of 44
to 47 em. Contrast this with maturity and a
modal age of 3 years at about 34 cm. in the southern
New England stock.

Additional evidence of the reliability of the scale
readings is available in a comparison of the at-
tained sizes (table 26) with modes in the length
frequencies of the females. We have plotted the
percentages at each length as deviations from the
grand mean for the years 1942 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 commiences at
25.5 em. in 1942, is missing in 1943, but continues
to 34.5, 37.5, 41.0, and 42.5 em. in the succeeding
years. This is in good agreement with the mean
attained lengths of the 1941 year class from scale
readings which averaged 33.8, 37.4, 40.1, and 42.8
em.’in the third quarter (the season of heaviest
landings) of the corresponding years. The shorter
series of modes commences at 28.5 em. in 1945 and
continues at about 31.5 and 34 cm. in the following
years. This also is in good agreement with the
mean attained length of the females from the 1944



206 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

+4I""\|‘F||||*1||T||||||

v2l 1942 ]

0
\
\ v WW
\

s2} \ 1943 ]
\ N=5342

DEVIATIONS FROM AVERAGE PERCENT

R VRS SN T NN W T WS N [ i
20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
LENGTH - CENTIMETERS

Ficure 19.—Deviations fromr the mean percentage length
distribution of female yellowtail from the southern New
England stock, 1942-47. (N=number of fish.)

year class which were 81.5 and 34.9 em. during the
third quarters 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 unusual. 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 em.
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 appreciable numbers of juvenile
yellowtail to determine the relation between scale
size and fish size, we have 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 the 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 194243 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.
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Fi6URE 20.—Age composition of yellowtail from the
southern New' England stock during each guarter, 1942
47. (N=number 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 clearly 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

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, 194247, 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 year 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 year 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-annuli stage during these
quarters, nor was it more available during other
quarters in 1943.

"Other features of these curves are significant.
The proportion of 2-annuli fish increased abruptly
in 1945 in both the third and fourth quarters, and
since no decrease occurred in the cull size (see
length frequency data, p. 245) they must have be-
come more available to the fishery. Significant,
too, is the fact that they either did not remain
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Fieure 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 small 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 (table 21) to obtain an estimate of
the landings of each age group in each quarter
from the fourth quarter of 1942 through 1947
(table 80). 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 season), 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 were 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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TaBLE 29.—Age composilion, by quarters, of yellowtail
landed from the southern New England stock, 1942-47

Percent of fish having—
Num-
Year and quarter jber of|
fish (1 an-{2an-|(3an-|4an-!5an-|6an-| 74
nulus| nuli { nuli | nuli | nuli | nuli | an-
nuli
Year 1942:
1st, quarter_.______ 24.00] 28.00! 12.00] 4.00]...--.
2d quarter..__ 27.17| 36.68( 13.86( 9.78] 8.42
3d quarter._.. 45.94) 33.78) 4.05[-—-o._[-----.
4th quarter ... 35.55 0.38) 7.421 4.30| L 56
Year 1943:
1st quarter. 27.80| 17.56 8.78 8.29|---..-
2d quarter.. 50.37( 19.59( 9.28| 6.04] 2.21
3d quarter.. 50.86/ 26.86| 3.43| 2.86 .57
4th quarter... 39.30] 20.90| 8.46/ 1.99 1.00
Year 1044:
1st quarter. ___.... 37.63| 20.50; 5.38 7.83|------
2d quarter.._._ 84 68| 5.64] 4.03( 1.61)----_.
3d quarter.... 68.06( 16.67 4.86(---... .
4th quarter. .. 43.03) 17.62) 7.79] 8.20) 2.46
Year 1945:
1st quarter. 29,641 24.77| 11.65 9.84|-__-_-
24 quarter.. 33.00] 34.00| 10.00| 4.00| 12.00
3d quarter.. 19.91] 26.80( 5.99 2.24 .45
4th quarter..._____ 17.18| 29.09| 13.40| 4.60 2.57
Year 1946:
1st quarter___.__.. 27.82| 16.85| 9.43| 4.17[-—-—--
2d quarter...- 25 24. 00( 36.00f 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{--_._.
24 quarter__.. [ I - I 15.29| 37. 41| 12.24| 20.70| 11.08] 3.29
3d quarter.. - 409 .20| 37.68| 37.68| 0.82( 9.2 4.21} .80
4th quarter..___._. 422 . 36.26| 28.67| 13.74| 10.90 8.53| 1.90

TaBLE 30.—Estimated number of yellowtail of each age,
landed from the southern New England stock, fourth
quarter of 1942 through 1947

[In thousands of fish. Based on tables 21 and 29)

Number of fish having—
Year and quarter To-
1 2 3 4 5 6 7+ | talt
annu-| an- an- an- an- an- an-
lus | nuli | nuli | nuli | nuli | nuli | nuli
Year 1942: 4th quar-
ter e 587 7,270] 6,684 1,764 1,305 808; 203)18,801
Year 1943:
ist quarter. 1,025 967f...-_- 11, 669
2d quarter.. 702{ 457f 167 7,
3d quarter.. 568 473 94/186, 553
4th quarter.._.__.. 853 399 94 47| 4,714
Year 1944:
1st quarter_ _..__._ 2, 560| 783f.----- 10, 401
2d quarter..... 25 2511 100f----.. 6, 232
3d quarter.... 3461 ___ 491 7,114
4th quarter... 165 174 62| 2,116
Year 1945:
1st quarter___ 579 480|-- .. 4,970
2d quarter...--.... 110] 520} 536 158 63| 189 1,575
3d quarter..__ 534 199 40| 8,909
4th quarter___.____ 1,103| 378 211] 8,229
Year 1946:
ist quarter________ 575 254|--____ 6,009
24 quarter._ 840| 729 360} . oo |- 2,999
3d quarter.. 998| 166 38| 6, 866
4th quarter. 2,155 580 200] 9,484
Year 1947:
1st quarter_. . 539 385|..--.- 5,136
2d quarter..._ 005 483 144| 4,
3d quarter____ 3 932| 408 78( 9,
4th quarter____._.. 1,119 876( 195(i0, 267
Average, 1043-47:
1st quarter. 6851 576(----_- 7,655
2d quarter. 475 221 100] 4, 549
3d quarte 676 249 60| 9,826
4th quarter 420 141 6,962
All years.__ .| 385 50 2,790| 1,466 301)28, 992
Percent. ... __...._ . 3 . 9.6 51] LO|--..__

1 8light discrepanéies occur due to rounding off of the figures.

Good agreemént appears between maximum
lengths observed and Walford’s (1946) ultimate
length Zco for the yellowtail. This characteristic
represents the length at which growth becomes
zero and is computed from

in which 7, is the y intercept of a line fitting the
points (In, In + 1), In is the length at age n years
and % 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 /, and %, and estimated lco, 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 have.) 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 that
the samples from different quarters represent dif-
ferent populations and the estimates of Jco 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 cm. lower and for females
2.0 cm. higher than the observed measurements.
Moreover, the estimates of loo from these data,
particularly for males, are probably low because
the fishery undoubtedly oversamples the larger
fish in the younger age groups. This results in a
high value for Z,, and perhaps for Z,, and corre-
spondingly lower values for % and 0. Neverthe-
less, the close agreement gives us further confi-
dence in our age readings and length samplings.

TABLE 31.—Ultimate length (1») and maximum length
found in samples of the catch (Im), from the southern New
England stock, by quarter and sex

[In centimeters]

Males Females
Quarter
imt (13 Im1 lo
48.5 410 52.5 51.7
45.5 4.2 51.5 490.4
42.5 47.8 48.5 61.8
43.5 42.7 54.5 52.2
45.0 43.9 51.8 53.8

1 From appendix C, pp. 244-5, recorded in centlmeter groups.
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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-
turns 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 the ratios of -

the apparent abundance of certain age groups to
comparable groups in successive years.

Immediate Fishing Mortality

The recaptures of tagged yellowtail during the
first 10 days after release on the principal fishing
areas usually show a high mortality rate (table
32). The recapture rate may be converted to the
annual fishing rate, m,? if we assume that the 10-
day mortality is equal to the instantaneous fishing
mortality rate p, where m=1—¢>.

The calculations (table 32) yield estimates of
m ranging from 0.43 to 0.97 and averaging 0.86
from the sum of returns and releases. These values
can be considered minimal estimates of the annual
total mortality rate « of the group tagged because
natural mortality 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.

TABLE 32.—Early recaptures of tagged yellowtail released on
%L{e princt;{)gl fishing grounds off Nantucket Shoals and No
ans

. Number | Annual
Number | recap- rate of
Lot Date released. released | tured fishing
in first (m)
10 days
June 10, 1943__...._. 131 2 0.43
Oct. 22-24, 1943...__. . 286 14 .83
-{July 19,1046 __._____ 158 7 .80
.| Aug. 21-23, 1946_____ 228 21 .97
______________________ 803 4 .86

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,

° This and other symbols for mortality rates are used as defined
by Ricker (1948) and Widrig (1954).

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 yellowtail
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.®* 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 area.

Mortality from Tag Returns in Successive Years

Estimates of the rate of fishing, m, derived from
the early recaptures are not greatly different from
estimates of the total annual mortality rate, @, de-
rived from the tag returns in successive years.!
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
rate, s=1—a, simply by taking % ’ %, et cet-

o

era. If we do this, we find 8=ﬁj§=0'11’

a=0.89. Between the second and third years,
a=1— —1—11- =0.91, but this estimate, of courss, is
much less reliable because of the small numbers.
Similar computations for the total returns in
successive years from all the lots released in the

southern New England stock show s= 23—1% , a=0.88
between the first year and the second after tagging.

 The half life was computed by substituting the observed
recapture rate p and 0.5 for m in the ‘‘compound interest”
formula m=1— (1-“p”)» and solving for n. Then, n times the
period in days gives the half life.

1 These years start with each release date and are different
for each lot released.
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Between the second year and third after tagging
563, 2=0.76. The value of a calculated in this

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

8§=

TaABLE 33.—Numbers of tagged yellowtail returned in
successive years after release

Nblgn- Number returned in—
r
Stock and lot | re- Date released
leased 1st | 2d | 3d | 4th | 5th | 6th
year| year| year| year| year| year
Southern New
England
No. 1. 227 | Feb. 24,1942 _____ 60
Neo. 2 240 1 Mar. 2, 1942_______ 47
No.4......| 131 | June 10, 1943 ____. 9
No. 6......| 286 | Oect. 22-24, 1943.__.] 19
No.6...._ 15| Feb. 2820, 1944___| 2 | ____|..__ || -
No. 10...__ 188 | July 19, 1946______| 27 2 D I RO ORI
No, 11..... 228 | Aug. 21-23,1046___| 48 [ 10 RN FRPRPRS NRIN RS,
Sum .| 212 | 25 6 2 ) O PR
Georges Bank:
No.7.....{ 189 | Jan. 28-31,1945 . | 23 0 0 S PO F
No.8 .._.| 100 | Jan. 17-18,1946.... 6 b I SO PRI RN SR
No. 14..... 51 | Aug. 28-31,1949...| 19 1 0 I [ N
Sum. o et 43 2 [ 2 .-
Cape Cod.
No.3......| 405 | Mar, 18,1942 ____ b7 Y R E I A
No.9......| 138 | June 14, 1946______ 2 8| 4| 0] 1 1
No, 12..... 270 (| May 26-27,1948___.! 7 0 ) N RO R IR
No.13._.. 150 | June 8, 1948._ ____ 4 5| o |l |-
Bum || C 57 i3 5 1 1 1

These estimates of mortality are subject to sev-
eral tagging difficulties, as well as to changes 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 mortality; but we
judge that our losses from this cause were small
(see p. 180), although we cannot accurately evalu-
ate them. Lastly, changes in fishing pressure 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

stock (table 24) declined from 6,264 days in 1942
t0 2,859 in 1945, increased to 4,698 days in 1948 and
dropped to 2,843 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

4_28-’ 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 production was seriously de-
clining. We have no explanation for this, but it
is clear that a high mortality rate from such com-
putations is not evidence per se of a dangerous
fishing rate.
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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
(table 85).

TaBLE 34.—Catch per day in numbers of yellowtail, of each
age from the sout;:em New England stock, 4th quarter of
1948 through 1947

[Based on tables 23 and 20}
Number of fish having— Al
Year and quarter fish !
lan-|2an-|3an-{4an-|5an-{6an-| 74+
nulus| nuli | nuli | null | nuli | nuli jannuli

3871 4,800} 4,413} 1,164, 021] 534] 104]12,413

1,506 1,008| 504 476 _.... 5,742
______ 3068| 1,193 565 368| 134| 6,000
______ 1,009 6,203{ 3,328\ 424 354| 70[12,373
2,208 1,178] 475 112| 66| 5,612

2,171] 1,244} 3n| 438l .. . 5,788
...... s 76| ‘38| 25| 110.-.--7) 6,891
______ 6,835 1,674| 88| _____[" 60|10, 043
sag| 1,705 ‘735 825|  342] 103f 4171
1,685 1,324| 23| &26|....__ 5,347

...... 20100 3071 609 244 731| 6,
2,511 8,380 7yse| 282  57[12,613

1,560 2,667 1,224] 420} 235

1,671 1,012) 566 250].. ... 6,007

1,936 2,00¢| 988 .____(-- - 8,
34| 2,078| 1,508| 251 5710, 360
1,007 1,082] 1,638 40| 152{ 7,187

1,435| 650 568 406 ...__ 5,4
2,025| 662] 1,120 590 178| 5,412
4,648) 1,211 1,186 519 %112 332
1,620 ‘776 618 482 107) 5,650
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TaBLe 35.—Caich per day in numbers of yellowtail, by year
;l;;; ?&d quarter, from the southern New England stock,

Number of fish caught having—
Quarter and
Year class

1 2 3 4 13 6 +
|annulus| annuli | annuli { annuli | annuli { annuli | annul

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

8_203“,+. .. 08

T 3020+ .. 024

in which 03, 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.

TaBLE 36.—Mean appareni survival between age groups of
yellowtail in the southern New England stock

[Computed from abundance indexes for fourth quarter of 1842 through 1947]

1 8light diserepancies occur due to rounding off of the figures,

We have computed the apparent survival, s}
between age groups as an average of the several
years during which we observed the fishery by
summing the catch per day for each year class
‘that appears in each age group, and then deter-
mining the ratio between successive age groups
(table 36). For example, in the first quarter we

12 We computed the apparent survival to avold dificulties with
apparent minus mortalities resulting from changing avallability.

Ratio between age groups—
Quarter
2and3|3and4|4and 5{5and 6| 6and
+

1,024 | 0.745 | 0.451 0.807 |-
3.1587 .47 454 .304 2. 568
1.054 . 506 . 376 .331 .385
. 637 . 875 .632 . 362 . 876
Geomefricmesn. . .__.._._..._ 1.214 . 565 . 470 . 451 .9

Mean instantaneous mortality 1.
rate, f. oo .194 . 671 754 . 796 . 330

Several anomalies occur in the apparent survival
data. The ratios greater than 1 between age-
groups 2 and 3 are doubtless'due to increasing
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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
194344 in the first quarter was made from the
following formula:

— 0440 + 0539 + 0638

0340+ Cdgy+Obys+ 06y,
(3, are the 3-annuli fish of the 1940 year class;
(645 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. :

TABLE 37.—Mean apparent survival between years of yellow-
tail in the southern New England stock

{Computed from abundance indexes of age groups 3 and older)

Ratlo between—
Quarter

1042 1043 1944 1045 1046

and and and and and

1948 1944 145 1048 1047
1) PR 0.556 | 0.583 | 0.4% 0. 464
b1 NN A 144 . 558 . 683 . 441
ad R PR, .213 . 404 . 857 . 638
ah. s 0. 251 .3714 | 1.375 . 533 . 455
Geometriemean.._...__.._.__ . 251 . 283 . 688 . 550 . 494

Mesn instantaneous mortality

rate, f.. .. eoiaoieeoo. 1.382 | 1.262 .374 . 596 . 705

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

476995 0—59— 4

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.

We sought an estimate of natural mortality, ¢,
by modifying the method proposed by Silliman
(1943), who in effect considered the relation be-
tween the total instantaneous mortality rate, <,
and fishing effort, f, and then extrapolated to zero
fishing to find the natural mortality. We have
estimated the total instantaneous mortality rate, 7,
for yellowtail 8 years and older (table 37), and
related it to the appropriate amount of fishing, £,
(table 24). For example, ¢ 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 ahnual
averages, the corresponding fishing effort was con-

TasLE 38.—Relation of total mortality rale, i, to amount of
fishing effort, X

[The total mortality rate, i, has been computed from the relative apparent
abundance of 3-year old and older fish in quarter N and the 4-year old
and older fish in quarter N+4. The fishing effort X has been computed
for various periods as follows: Xi=effort in quarter N, X; in quarters N

d N+1, X3 ln quarters N, N+1, and N+2, Xiin quarters N, N+1,
N+2 and N3]

Year and quarter i Xi X X X
1042-43: 4th quarter________._____ 1.38 | 1,516 3,547 | 4,79 6,128
1043-44:

1st quarter 2,032 | 3,275 | 4,613 4

2d quarter. 1,243 | 2,581 | 3,421 5,219

3d quarter 1,338 | 2,178 | 3,976 4

4th quarter 840 | 2,838 | 3,562 4,260
1944-45:

1st quarter 1,708 [ 2,712 | 3,420 3,027

2d quarter... 014 | 1,622 ) 2,120 3,059

3d quarter. 708 | 1,215 | 2,145 2,467

4th quarter... 507 | 1,437 | 1,759 2,465
1945-46:

1st quarter.. 930 | 1,252 | 1.958 2,859

2d quarter. 322 | 1,028 1,020 2,044

3d quarter.__ 706 | 1,607 | 2622 2,994

4th quarter..__ 901 | 1,016 ( 2,288 2,950
194

1st quarl.er .................. 77 1,015 | 1,387 | 2,049 3,369

2d quarter........_....__._.. .82 372 | 1,034 2354 3,302

3dquarter ._._..__...___._.. .45 6621 1,982 2,930 3,737

4thquarter___..___._____._.. .79 1,320 | 2,268 | 3.075 3,861

CORRELATION COEFFICIENTS

r
i X,=0.37

Regression:
i=—0.3074-0.000312 X,
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Fieure 22.—Relation of total instantaneous mortality
rate, i, and fishing effort, f, 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.®

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

i=—0.3024+0.288
when f is the amount of fishing in thousands of
days.

By definition i=p+¢ and, of course, when
p=0, i=g¢, but ¢ must be positive. Therefore, an
estimate of ¢= —0.802 with no fishing cannot be
interpreted as g=—0.302. Since our estimate of ¢
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 +g¢, if we
are to accept the relation of 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) and others have
considered that the ascending laft limb and dome

13 We also attempted to relate the annual mortality rate for each
quarter to the fishing effort. The mortality, i, was computed
from the relative apparent abundance of 3-year-old and older
fish in quarter ¥ and of the 4-year-old and older fish in quarter
N+44. Varlous combinations of fishing effort (table 38) were
tried to find the best correlation with mortality. and the most
satisfactory combination was found to be quarters N through
N+4 (r=0.68). The correlation between mortality and effort
in quarter ¥ was only 0.37, which is not statistically significant.
The best regression was i= —0.379-+0.312f, with f expressed in
thousands of days.
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of age-frequency curves represent groups of fish
not fully available to the fishery. This applies
equally well to 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, then 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
were below the 39-cm. size, as well 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-year-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 avail-
ability with age, but also of erratic changes in
availability due to other causes. Such is indicated
by the increases in catch per day of certain year
classes at advanced ages (table 35). The 1940 year
class (age 5, fourth quarter) 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 COMIMON occurrences.

There is also evidence of increasing availability
with time, because 2-year-old yellowtail appar-
ently became more available to the 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 the most abundant among the fish with 3 or
nmore annuli, from the second quarter through the
fourth. We notice, however, that it was not es-
pecially available as 2-year-olds, for in none
of the quarters did it make any particularly
large contribution. On the other hand, the 1943
and 1944 year classes were especially abundant as
2-year-olds during the third and fourth quarters
(table 35), but the 1943 year class was scarce
among the older age classes in subsequent years.
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The 1944 year class was abundant as 3-year-olds
but probably not later, because the total yield of
the fishery continued to decline.

With this problem of changing availability, we
cannot fix the total annual mortality rate or even
estimate the proportions due to fishing and
natural causes. We can state that among fish on
the grounds completely available to the fishery the
total annual fishing rate is very high as indicated
by the average s of 0.86, which was computed
from early tag returns. Also it is certain that the
total annual 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 yellowtail investigation we col-
lected material from the commercial fishery at
New Bedford, Mass., to provide information on
the breeding habits of the yellowtail. Data were
obtained on the age and length at maturity and on
the spawning season of the yellowtail landed from
the southern New England stock. Attempts to
collect information on the juveniles were unsuc-
cessful ;** however, we are 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 samples obtained. At this time it was simple

to classify the individuals according to stage of.

maturity and, in mature females, whether ripe or
spent (table 39).

Determination of the age of these fish revealed
that most individuals of both sexes mature dur-
ing their second and third years, although a larger
percentage of the males mature at a younger age
and smaller size. Of the females 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-

1 Fifty-six tows with a 1l4-inch mesh sarimp trawl. at times
lined with 3% -inch mesh in the cod en<, were made Inside the
20-fathom contour between Nantucket and Long Island at various
times from July to October in 1943, 1945, and 19468. No juvenile
or larval yellowtail were taken. (Data on file at the Woods Hole
laboratory of the U. 8. Fish and Wild'!fe Service.)

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

If we extend the results of this sample to obtain
an estimate of the proportion of immature in-
dividuals in the catch during the spawning sea-
sons in the period during which we have studied
this 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 that during the second
quarters 94 percent of the males and 84 percent
of the females in the landings would be mature.
The same percentages 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 same data provide us with an estimate of
length of the yellowtail at maturity, but since the
majority of the males mature hefore they appear
in the commerecial catch, it is not possible to relate
maturity to length with any precision. For our
purpose it is adequate to know that the males do
mature before entering the commercial catch and
mostly before they attain the length of 26 cm.
Females, however, mature after reaching com-
merial size and our sample appears adequate for
determining the size at which they mature. The
most reliable estimates can be obtained by assum-
ing that the data form a sigmoid curve and by
transforming the data to the probability integral
or “probit.” 1

A line fitted to the transformed data resulted
in the formula y=—0.2176+0.16312 in which ¥
equals the estimated probit and = equals the
length in centimeters. The estimated probit was
then transformed back to a percentage to find the
points for the sigmoid curve in figure 23, and to
provide the estimates that 50 percent of the female
yellowtail in the landings were mature at a length
of 31.98 em. and 90 percent were mature at 40.17
em. We may further compute the variance of the

8 A discussion of the uge of probits for this purpose will be
found in appendix F, p. 266.
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TABLE 39— Number of mature and immature yellowtail, by length, sex, and age, from the southern New England stock,
May 1943

[I = immature; M = mature]

Stage of maturity of females with—

Stage of maturity of males with—

Length of fish 1 2 3 44
annull annuli

Total 1 2 3 44
annuli annuli annuli

Total ... 1
Percent mature.__._|-__...

50-percent. point as 5*=0.946. From this it fol-
lows that the standard error =0.973 and the 95-
percent fiducial limits are 30.03 and 33.93 cm.

Spawning Season

Only scattered information on the spawning
season of yellowtail has been available. Bigelow
and Welsh (1925: p. 499) observed that spawning
commences near Gloucester, Mass., by the middle
of March and seemingly lasts all summer. They
also found young larvae off Sandy Hook, N, J.,
on August 1, 1913. Perlmutter (1989) found
pelagic larvae off Long Island, N. Y., in the vicin-
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 mear 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 centered off No Mans Land
and Block Island during our study.

During the spring of 1943 the catch from these
areas, which was being landed at New Bedford,
was sampled periodically and the number of each
sex and the stage of maturity of the females re-

corded (table 40). All females were dissected
and the ovaries were easily classified into the
three categories 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 have a granular appearance several
months before spawning. After the fish spawns,
the ovarian contents are watery for several weeks,
usually 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 pressure 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+0.043482, in which y equals the esti-
mated probit and 2 equals the day of the year less
100. From this formula the following points were
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Fieure 23.~—Relation of length to percent mature of
female yellowtail.

TABLE 40.— Percentage of spent female yellowtail sampled
from the southern New England stock during the 1943
spawning season

Number Spent Number Spent
Date vessel |of mature|____ Date vessel |of mature
landed females landed females
examined|Num- Per- examined(Num-| Per-
ber | cent ber | cent

60 6] 10.0 )| June23_____ 46 41 1 89.1
62 3 4.8 || June 28_.___ 50 49 | 98.0
72 7 9.7 || June29_.._. 63 62,] 98.4
50 9| 18.0 | July4_._._. 50 50 [ 100.0
57 11 19.3 || July22____. 41 41 | 100.0
86 14 21,2 1 July23.__.. 25 25 | 100.0
43 7| 16.8 ([ July26..__. 33 33 | 100.0
54 13| 24.1 || July27..._. 69 69 | 100.0
27 12 44.4 || July29___.. &3 53 | 100.0
41 23| 56.1( July29..... 50 50 | 100.0
21 15| 71.4 | July 30..... 45 45 | 100.0
34 23| 67.6
45 41| 9L1 Total_.__ 1,157 | 702 |......

100

PERCENT SPENT

0 - 1 1 L L 1 1 1

20 30 10 20 30 9 19 29
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FicUure 24.—Relation of date to percent spent in female
yvellowtail from the southern New England stock in
1943.

developed: (1) Ninety percent of the yellowtail
spawned between April 12 and June 26; (2) the
peak of spawning (the point of greater slope on a
sigmoid curve) and the day on which half of the
vellowtail spawned was May 20; (3) the period of
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heaviest spawning was from May 4 to June 4 dur-
ing which 50 percent of the females became spent.

Distribution of Eggs and Larvae

Because the yellowtail shares with the mackerel
the habit of spring spawning in the area between
Cape Cod and Chesapeake Bay as well as the
feature of pelagic eggs and larvae, we benefited
from the mackerel investigations conducted by
O. E. Sette (1943). The field work, from 1925
through 1932, included quantitative surveys of the
distribution of mackerel eggs and larvae, and on
these cruises large quantities of yellowtail eggs
and larvae were taken in the plankton nets. Sette
recalls that year after year the yellowtail seemed
to be one of the most abundant spring spawners
in the area. Quantitative data on yellowtail eggs
and larvae from two cruises in April and May
1929 and on larvae only from a series of cruises in
1932 are available for analysis. In both years, a
series of stations was established along section
lines across the Continental Shelf. The lines were
named after the nearest land feature and the sta-
tions were consecutively numbered seaward on
each line from I (fig. 25).

Our task was eased by several reports that have
appeared. The 1932 survey, the only one to cover
adequateély the range and spawning period of the
mackerel (Sette 1943), included estimates of the
mortality rates of the mackerel eggs and larvae
and of the total number of eggs spawned. Other
findings have been included in reports on the cycle
of temperature by Bigelow (1933), the salinity by
Bigelow and Sears (1935),and a volumetric study
of the zooplankton by Bigelow and Sears (1939).
A detailed account of methods used in the 1932
survey is given in Sette (1943) and the complete
temperature and salinity observations for all
years are reported by Bigelow (1933).

From our knowledge of the yellowtail spawn-
ing season, it appears that the period of the
mackerel surveys, May 2 to July 24, 1932, covered
the major part of the yellowtail spawning season
(p. 217). Ninety percent of the yellowtail spawn-
ing off New Bedford in 1943 occurred between
April 12 and June 26, but eggs have heen taken
from mid-March to September in various places
(see p. 216). We would expect spawning to occur
a little earlier in the warmer waters off New Jer-
sey and a little later in the colder waters of the
Gulf of Maine, north of Cape Cod.
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Interpretation of the survey data would be
easier if 'we had more information on the dura-
tion of the egg and larval stages. Bigelow and
Welsh (1925) report that hatching takes place in
5 days at a temperature of 10° to 11° C. They
judge further, from the stage of development,
that the larvae descend to the ocean bottom when
14 mm. long, although Perlmutter (1939) re-
ported that postlarvae caught in the bottom trawl
ranged up to 12.6 mm, in length. This does not
agree with Bigelow and Welsh's observation of 88
pelagic larvae 6.5 to 19 mm. long caught in a tow
net off Sandy Hook on August 1, 1913. We con-
clude from these facts that the yellowtail may go
to the bottom at lengths less than 12 mm., or even
more than 19 mm., depending on conditions, but
we remain ignorant of the duration of the Iarval
period.

Horizontdl distribution of eggs and larvae in
1929.—The plankton hauls during 1929 were made
with nets, either 1 meter or % meter in diameter,
towed horizontally at various levels at an average
speed of 1.2 knots. The forepart of the nets had
29 to 38 meshes per linear inch, the rear part 48
to 54 meshes. For purposes of this paper, the

hauls have been reduced to a standard basis of
20-minute tows with 1-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 and 42). The number of eggs taken ranged up
to 37,000 at one station in April and to 79,000
in a tow in May. The eggs were taken on the
April 12 to 24 cruise from the offing of Currituck,
Va., to the northeasternmost. stations off Block
Island (fig. 26), but there was an impressive cen-
ter of distribution oft the coasts of northern New
Jersey and 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 principal center of ‘the distri-
bution, although a secondary center remained off
Atlantic City. Distribution of the larvae corre-
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 and offshore limits of the distri-
bution of eggs in the April cruise agree well with
the position of the 7°-C. isotherm at both surface

TaBLE 41.—Numbers of yellowlail eggs and larvae laken on the April 18-24 cruise in 1929

[Weighted to basls of 20-minute tow with 1-meter net]

Station I

Station 1T

Station III Station IV Station V

Locality and depth of tow
Eggs Larvae Eggs

Larvae Eggs

Larvae Eggs Larvae Eggs Larvae
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FIGURE 26.—Horizontal distribution of eggs and larvae, and surface and bottom temperatures during the 1929 cruises of
April 12 to 24 and May 10 to 18. The egg and larval contour lines represent the numbers caught per standard tow

of 20 minutes by a 1-meter net.
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TABLE 42.—Numbers of yellowtail eggs and larvae laken on the May 10~18 cruise in 1929

[Weighted to basis of 20-minute tow with 1-meter net}

Locality and depth of tow

Station I Station TA Stuation II Station IIA Station ILI . | Station ITIA Station IV

Eggs | Larvae| Eggs |Larvee| Eggs

Larvie| Eggs | Larvac| Eggs | Larvae| Eggs | Larvae| Eggs | Larvac

Martha's Vineyard:

3, 500 [ R 7,000
1, 600 [V PN R 900
4,000 1, 000
2, 400 20
2,000

350

Barnegat: Surf:
Seagirt: Surface.
Atlantie City:

Surface.
Deep._.
Winterquarter:

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

Recalling Bigelow’s observation that hatching
oceurred 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 area in early April at the latest.
Size of the larvae during the April and May
cruises (tables 43 and 44) provides a clue, how-
ever, that hatching had not long preceded the
April cruise. During this cruise, the larvae
ranged from 2 to 6 mm. in length, the bulk of them
being about 3.5 mm. These larvae were smaller
than those encountered during the May cruise,
when the larvae ranged from 3 to 11 mm. in
length, and were mostly 4 to 6 mm.

The close agreement in distribution of eggs and
larvae suggests that hatching was completed and
that the larvae had assumed their bottom-dwelling
existénce before much of the horizontal drift oc-
curred. If this were not so we would expect a dis-

placement in the centers and boundaries of the
egg and larval distributions. Assuming that
hatching was completed and the larvae had de-
scended to the bottom, we may then note that the
southernmost. contingent of eggs and larvae off
Virginia and Delaware disappeared from the sur-
face waters by the time the temperature had risen
above 11° C. Presumably, the eggs found in this
area on April 17 to 19 had hatched and the larvae
had descended to the bottom by May 14 to 16,
when these southern stations were revisited.

At a station off Fire Island where yellowtail
larvae were particularly abundant on May 17 and
18, 1929, a special series of tows was made to de-
termine vertical distribution of the larvae (table
45). It may readily be seen that at all times the
greatest number was located near the 10-meter
level, but considerable numbers were taken during
the night at the surface and at the 5-meter level.
Relatively few were taken at any time at the 20-
and 35-meter levels. This suggests some diurnal
dispersion upward from the 10-meter level. Con-
siderable differences are also apparent in the num-
ber of larvae taken during the night hauls—nearly
twice as many larvae 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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TaBLE 43.— Yellowlail larvae taken April 12-24, 1929

{Roman numerals indicate the localities (see fig. 25); numbers in parentheses
isndicall:g.4 3st.]at.ions established during the mackerel studles, 1925-32 (sce
ette )

Station and depth of tow Number | Length
of larvae { (mm.)
Montauk Point:
Station I (20456):
Surface . . 1 3.5
Deep. .o aan 1 5.0
Station ITI (20454): Deep 1 6.0
Shinnecock:
Station I (20448):
U RO o o et o m e 39 3.5
Dl - o o oo e e 8 3.5
New York:
Station I (20447):
Surface.. 60 3.5
Deep.._. 13 2.5-4.0
Station II (20446)
Surface....._.. 11 4.0
Deep. - e 19 3.5
Atlantie Clty:
Station I (20439):
3 3.0
14 2-3
1 4.0
Hog Island:
Station I (20424): Surface . ... 1 4.0
Station IT (20432): Deep._.. 1 4.0
Currltuck: Station IT (20428): Surface 1 4.0

TaBLE 44— Yellowtail larvae taken May 10-18, 1829

Roman numerals indicate the localities (see fig. 25); numbers in parentheses
!Endicate st?tions established during the mackerel studies 1925-32 (sce
ette 1943)

Station and depth of tow Number | Length

of larvae [ (mm.)
No Mans Land:
Station I (20457): Deep.... 1160
Station II (20458): Deep. 5and 8
Station III (20459): Deep 1|60
Montauk Point:
Station I (20463): Deep.... - 16 6
Station IT (20462): DeeP oo rmiamae- 2(5and 11
Shinnecock:
Station I (20464):
Surface. .. e 15 | 4-7,
mostly
DO oo 71 | 4-6
mostly
Station II (20465):
Surface
Deep._.
Fire Island Stat|
New York:
Station I (20470):
SUrfaCe - e ceean 140
Deep--ooo oo 32|34
Station 1A (20460): Surface 31|50
Station I (2046R):
Surface . mem e 9 | 4-8,
émost.ly
DeeD. 13 | 3-8,
:inostly
Seagirt: Station I (20471): Surface. .. ... _.....o____. 65 0,
mostly
Barnegat: Station I (20472): Surface _..___......_.____. 1140
Atlantic City: Station IT (20474):
Surf 6] 56
7|47
1]80

that some of the larvae were escaping the net dur-
ing the daylight hours. This is borne out in that
the Jarvae averaged slightly larger (4.3 mm.) dur-
ing the midnight tows than during the morning
(3.6 mm.), noon (3.9), or evening (3.8) tows.
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TaBLE 45.—Vertical distribution of yellowiail larvae (off
Fire Island) at station A 20498, May 17-18, 1929

Estimated number of larvae taken in
tows made— Esti-
Depth of tow mated
total
Morning| Noon | Evening| Mid-
night
Surface_.._.__.......__ 130 0 1 430 561
5 meters.. 58 0 521 677
10 meters... . 914 764 876 700 3, 254
20 meters._.. 81 34 34 153
35 meters.___ Y R [, 12 49
Total.....___.... 1,220 798 979 1,697 4,604

Horizontal distribution of larvae in 1932.—Sev-
eral factors prevented obtaining as complete in-
formation on the yellowtail during the cruises of
the mackerel investigations in 1932 as in 1929. Be-
tween the 1929 and 1932 cruises, much was learned
about the distribution of the mackerel eggs and
larvae and better methods of quantitatively sam-
pling them 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 effectively. The method of towing was
changed from horizontal to oblique, and the use
of two nets, one at a lower level and the other at
the upper level, was introduced. Compensation
was made for variations in the amount of water
strained by the addition of flowmeters to the nets
which made it possible to convert the catch to the
standard basis of numbers of larvae 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 counted; consequently, we have
available counts only of the larvae taken on the
1982 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 yellowtail
larvae are given in appendix E, page 256.

The small larvae 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 2 (May 9 to 16) two principal centers of
distribution were found—oft southern Massachu-
setts and off northern New Jersey. These centers
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FIcURe 27.—Horizontal distribution of small yellowtail larvae during cruises in 1932. Contour lines represent the
numbers taken in 17.07 cubic meters of water.



224 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

o SR aze Sy e

{40° 40°

" CRUISE 2
MAY 9-16

" CRUISE |
MAY 2-6

38°

36° - 360k

y, 420 LTy ez

4°° ) T -. ‘\‘._. . '__", eem e 400

”-‘"'/CRU|SE 6

38Ry ik J 2T 3g} T/
N JUNE 5-8

44°

42°

"%+ CRUISE 7
"%  JUNE 15-2|

J

. 7 ;
of N N\ 4 ,-_“___,.__‘.&.‘ [
A ‘5"/2101" CRUISE" S ]

o #L7 %S ULy 16-24
1 1 | 1.2 : J 1

i Ll 1 1 1

Freure 28.—Horizontal distribution of large yellowtail larvae during cruises in 1932. Contour lines represent the
numbers taken in 17.07 cubic meters of water.



YELLOWTAIL FLOUNDER OFF NEW ENGLAND 225

appear to have been augmented and spread out on
cruise 3 (May 19 to 23), a pattern that continued
to cruises 5 (June 1 to 5) and 6 (June 5 to 8).
Beginning on cruise 6 and more noticeable on
cruise 7 (June 15 to 19) is the reduction in the
numbers of larvae found off New Jersey and Long
Island as compared with those found off southern
Massachusetts.

The distribution of the large larvae (fig. 28)
was in most respects similar to that of the small,
the principal differences being smaller numbers
and the lesser variation in the catches of the large
larvae. It is as though the peaks occurring in
the distribution of the smaller larvae had had the
opportunity to disperse somewhat.

The movement of one of the centers of distribu-
tion of the yellowtail is consistent with previous
estimates of drift and, incidentally, provides an
estimate of the duration of the small larval stage,
In his study of the mackerel, Sette (1943) was
able to identify and follow for a considerable
period certain peaks in the frequency distributions
of mackerel Jarvae, which he judged were pro-
duced by homologous groups that resulted from
fluetuations in spawning. The movement during
its passive phase of one of the most prominent of
these groups, which he called the S group, was
consistent. with the wind movement. First found
oft Delaware Bay, this group moved about. 60
miles south between cruises 1 and 2. The change
in distribution of the small yellowtail larvae from
that noted on cruise 1 and the northward move-
ment of the southern center of large larvae ob-
served on cruise 2 are in agreement with Sette’s
observations of the mackerel: This drift, coupled
with the absence of small larvae at most of the sta-
tions where the southern center of Iarge larvae
was found on cruise 2, suggests further that the
small yellowtail larvae progressed to the “large”
stage in the 5 or 6 days intervening between the
visits to the pertinent stations on cruises 1 and 2.
If this were so, probably the groups of small
larvae found on the later eruises had hatched from
successive spawnings.
~ Further evidence of drift is suggested by the
fact that the center of small larvae that persisted
off Martha's Vineyard and/or Block Island from
eruise 2 through cruise 7 was not followed by any
special concentration of large larvae at these loca-
tions. We would expect a westerly or southwest-
erly drift to result from the prevailing coastal

current—a conclusion strengthened also by Sette’s
discovery of a southwesterly drift of the northern
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-
tance to the westward on cruise 3, these small
larvae must have drifted north or east beyond the
limits of the survey.

Further analysis of the drift of these groups of
larvae appears fruitless because the yellowtail
larvae were obviously more widely distributed
than the mackerel which the cruises were designed
to cover. In none of the cruises was the eastern
limit of the yellowtail larvae included, and cruises
4, 6, and 9 (fig. 28) obviously did not cover the
southwestern limits of their distribution. Fur-
thermore, there was a considerable seaward spread
of the large larvae, for on cruises 4 and 6 large
larvae were found at every station that went to
the edge of the Continental Shelf.

The depth distribution of yellowtail larvae
found on the station off Fire Island in 1929 (table
45) was evidently not always typical of the dis-
tributions in 1932, No data from a similar spe-
cial station are available for 1932, but at all of
the deeper stations two levels were sampled by

~ oblique tows. These were designed to sample the

zone above the thermocline separately. from the
zone below. At this time the thermocline was
usually about 20 meters down. On the average,
more larvae were taken above the thermocline
(appendix table E-3, p. 265), but at some stations
all of the larvae were found below it (e. g., sta-
tions IT and IIT off Atlantic City), and there
were numerous instances of wide vertical dis-
tribution. No apparent relation existed between
this distribution of the larvae and any factors of
location, temperature, or time.

Temperature relationships found on these
cruises (figs. 29 and 30) show the expected vernal
warming with variations due to weather. The sur-
face temperatures give evidence of a gradual sea-
sonal increase interrupted by an invasion of cold
water from the northeast at the time of cruise 2.
This was compensated for by a spurt in the warm-
ing between cruises 4 and 5 followed by a gradual
increase in water temperature through cruise 7.
We note that the larvae weére found in numbers
when surface temperatures were as low as §° C.

on cruise 2 and as high as 20° C. on cruise 7.
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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° C. off
Martha’s Vineyard on cruise 1 to about 12.3° C.
on cruise 4 at the southern center of distribution
of small larvae. Doubtless, spawning preceded
these observations of temperature by some days,
and therefore, at both ends of this range should
perhaps be somewhat lower.

These temperatures give some evidence 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 temperatures to 10.9° C. at the
edge of the shelf while the surface temperature
was only 6.8°. The warming was immediately
countered by cold water which persisted until
after cruise 6 when at Martha’s Vineyard station
III the bottom temperature increased from 6.1° to
8° C. between cruises 6 and 7.

Such fluctuating temperature conditions prob-
ably occur most frequently along the edge of the
Continental Shelf with the alternating invasion
and retreat of the warm slope waters. The areas
of gross temperature changes are not known to in-
clude the 15- to 35-fathom depth zone, which is
probably inhabited by the spawning yellowtail,
but Ketchum et al. (1951) found that the distri-
bution of sea water diluted with river water in
the New York bight varied greatly and could be
altered suddenly by a storm. Such fluctuations in
temperature must be a hazard to the larvae be-
cause of the accompanying movement of the
water. The surveys show clearly that the larvae
are distributed widely over the shelf and that
when they descend to the bottom of the ocean they
may encounter radically different bottom condi-
tions and water temperatures. If yellowtail fry
are as delicate as most fish fry, rather small differ-
ences in their environment may be fatal. Changes
in temperature might even be catastrophic, 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 have been
caused by an invasion of cold water in an area
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 area, we have found two examples of signifi-
cant production of other species on yellowtail
grounds. The first of these occurred when the
landings of haddock from Nantucket 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 in the annual volumes of Fishery Indus-
tries in the United States, published by the Bu-
reau of Fisheries and subsequently the Fish and
Wildlife Service. Most of the haddock appar-
ently came from almost exactly the depth range
and location subsequently to become a major yel-
lowtail 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 catches credited to the
Nantucket Shoals arean were centered at about
latitude 40°40” N., longitude 69°40” W., in o depth
of about 25 fathoms, although the spread of the
fishing was from approximately 15 to 35
fathoms, with some tendency toward 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 producing ground
(fig. 2), with production ranging from 22 million
pounds in 1942 to a little over 5 million pounds in
1949.

TaBLE 46.—Landings of haddock and flounders at principal
New England ports from the Nanlucket Shoals, Lightship
Grounds, and No Mans Land areas, 1925—49

{In thousands of pounds]

Ports and year Had- All Ports and year Had- All
of landing ! dock | floun- of landing ! doek | floun-
ders ders
Boston, Glouces- 72
ter, and Port- 2,245
mllgfis 6488 | N ) gi’
28 o oeo- 3 0 5
data. 3,160
Do. Boston, Glouces-
Do. ter, Portland,
2,060 and New Bed-
1,000 rd:
495
609
203
114
21
19
225
1,000

1 For source see appendix A, p. 237.
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We 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, large quantities of both haddock
and yellowtail 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 nearly 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 areas. 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 mich sought-after species on
the New England Banks, and when vessels began
to fish the grounds for yellowtail after 1940 it is
certain that any significant haddock concentra-
tions would have been discovered and fished, had
they existed.

Coincident with the fishery for haddock on the
grounds near Nantucket 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 Sette (1943) and 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. Furthermore, 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” larval stage
lasts only about 10 days, the spawning adults evi-
dently were not far from the places where the
eggs and larvae were found.

During the course of his mackerel investiga-
tions, 19256-32, Sette gained the impression that
the yellowtail was consistently one of the principal
spring spawners in the area. In 1932, the only

476995 0—59——5

year for which comparative data are available,
the mackerel larvae were 1.97 times as numerous
as yellowtail larvae in the tows of the first six
cruises (Sette 1943, table 19; our appendix table
E-1, p. 256). The yellowtail was the second most
abundant species in the tows; consequently, the
number of adults must have been large. The pop-
ulation of mackerel in 1932 was estimated at be-
tween 45,000,000 and 400,000,000 by Sette. We
may surmise that 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 population, not a coastwise migrant like
the mackerel.

Why such an abundant fish was not well known
before 1935 is not. clear, but we have mentioned
that yellowtail were not marketed in those earlier
years, they rarely occur within 10 miles of shore,
and they are not easily caught by hooks; so it
seems entirvely possible that they were present but
were not. fished. On the other hand, any such con-
centration of yellowtail as was found after 1942
would have been fished, for enough small otter
trawlers 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 occurred after the decline in the
southern New England stock. With yellowtail
especially scarce in 1949 and with an expanding
market for fish meal, the fishermen turned to
“trash™ fish, which they sold to the reduction
plants. They saved everything they caught in
their nets, but the principal species taken were red
hake (Urophycis chuss), eelpout, (Zoarces angail-
laris), and several species of skates of the genus
Raja (Sayles 1951). The principal fishing ground
at the start of this fishery in 1949 was in from 10
to 20 fathoms of water south of the eastern end of
Martha's Vineyard, and a secondary center was
located about 15 miles southeast of this point.
Both of these grounds had previously produced
substantial quantities of yellowtail (fig. 2), and
yet very few yellowtail were included in the catch
of the trash fishery. After 1949, this fishery
spread over more of the yellowtail grounds, fish-
ermen reported.
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Such changes in the habitat of a few species of
fish must be evidence of fundamental environ-
mental changes. In seeking an explanation for
the change in habitat, we note that the known
geographical range of both the haddock and the
yellowtail extends only a little south 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 the west coast of Green-
land and the yellowtail from Chesapeake Bay to
the Labrador side of the Straits of Belle Isle. We
note, too, a retreat of the haddock from the
grounds west of Nantucket Shoals northeasterly to
Georges Bank in the early thirties, and a subse-
quent retreat of the yellowtail from off the New
Jersey coast in the twenties to off southern New
England in the early forties, and then to Georges
Bank about 1949 (table 6). Perhaps these re-
treats have occurred because of the warming of
the area (Conover 1951).

Some additional evidence from our study of the
yellowtail flounder populations supports the con-
cept of a retreat toward the northeast. We have
already noted that the summer fishery weakened
after 1944 and by 1949 was the smallest of all the
fisheries, whereas it had been the largest in 1942.
and 1943 (p. 172). Our tagging operations in 1942
and 1943 off Long Island showed that the sum-
mer fishery off No Mans Land included fish that
moved west in winter and east in summer (p. 180).
Perhaps it is significant that the fishery on this
population was the first to fail. Perhaps, too, it
is significant that old fish (5 years and older)
were 4 smaller fraction of the landings (table 29)
during the third quarter than during most other
quarters even just after the peak years. Were
these fish migrating from the west subject to
greater environmental pressure than other
groups?

We also ask why the southern New England yel-
lowtail grew so much more slowly than Nova
Scotian yellowtail (Scott 1954) except during
their second and third years of life. Is this evi-
dence of greater environmental pressure on the
very young fish and those 4 years and older?
Why was the life span of the southern New Eng-
land yellowtail so much shorter than that of Nova
Scotian fish, and why did they attain a smaller
maximum size? Obviously, living conditions for
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the older fish from the southern New Emngland
stock must have been less favorable, but why?
Perhaps the answers to these questions may be
learned from a study of changing climatic condi-
tions. Certainly here are problems deserving of
more study.

EFFECTS OF THE FISHERY ON
YELLOWTAIL STOCKS, 1942—49

How has the fishery affected the yellowtail
flounder stocks? Although the exact effect is not
known, as a result of our studies from 1942 to 1949
we can provide a working hypothesis.

Unquestionably, the fishery on the southern
New England stock suffered a disastrous decline
in landings and catch per unit of effort from 1942
to 1949. This decline was accompanied by the
near disappearance of fishable schools of yellow-
tail from the usual fishing grounds on the Conti-
nental Shelf between New Jersey and Nantucket
Shoals. Furthermore, extensive trawling to a
depth of 200 fathoms by the Albatross 111 in 1949
revealed no concentrations of -yellowtail outside
the regular fishing grounds. These declining
landings were accompanied by a high total mortal-
ity rate. On the other hand, there were none of

---the symptoms of heavy fishing, such as a declining

average size, an increasing proportion of young
fish in the catch, or an increasing growth rate due
to the thinning of the stock.

This contradictory evidence cannot be fully ex-
plained with the limited data from so short a
period of study. To it may be addéd the evidence
of a heterogeneous stock composed of an unknown
number of semi-independent populations; a mys-
terious absence of fish less than a year old and of
yearlings from the fishing grounds; and an ap-
parent northeasterly shift of the principal yellow-
tail population from off the New Jersey coast to
off southern New England, where the big fishery
occurred from 1941 to 1948, and then to Georges
Bank.

The most striking finding from our study of the
yellowtail fishery has been the changing availa-
bility, which appears, directly, in fluctnations in
abundance of the fish during the year and in the
abundance of year classes at different ages, and,
indirectly, in the minus value of the average ap-
parent natural mortality. It is evidence either
that fishing pressure was not uniform on the south-
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ern New England stock or that the populations of
yellowtail were not uniformly distributed. That
both conditions exist is indicated by the irregular
tag returns from certain releases and by the differ-
ences in size, age, and sex composition at different
times in different statistical subareas (figs. 9 and
20, and appendix C).** These phenomena prevent
the conventional determination of the effect of
fishing on the stock because we cannot satisfy the
assumption that the fishing is uniform on all parts
of the stock. .

The changes in availability also prevent any
clear determination of the recruitment resulting
from spawning. The assumption that larger re-
cruitment results from larger spawning stocks is
being challenged for many species as data become
available. Likewise, we doubt that large popu-
lations of spawning yellowtail produce more
young, because we have evidence that only one
slightly dominant year class (1941) was produced
during the years of large spawning populations
(1939 to 1942, and perhaps earlier). Probably,
natural conditions greatly affect the survival of
the young, because the collections 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-
cially winds that may blow them far from suitable
bottom.

Obviously, 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 bottom 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
an instantaneous rate of +0.30) over and above
any natural mortality. This process continued

18 Note especially In appendix C, p, 239, the usually, but not
always. greater sige in subarea O compared with Q and §. the
great preponderance of 36 percent females (of small size) during
the third quarter 1943 in subarea Q, and the reversal of the size
of females in the large samples from subareas O and Q in the
fourth quarter of 1945 and the first quarter of 1948, The females
averaged 38.81 cm. In length in Q and 37.07 in O 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, that the major changes in the yellow-
tail flounder fishery were not caused by overfishing
although that may have hastened its decline.
Many of the documented facts about the yellow-
tail populations are not in accord with theoretical
changes caused by heavy fishing nor, with the
limited data available, can we develop a theory
that will, with a reasonable probability, associate
fishing with the decline. Therefore, we have no
answers to the 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 from 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
probably will increase the catch or, as Graham
(1951) has suggested, fix the fishing level,
methods, or seasons, and give the fishermen peace.
Restriction for either of these reasons must be
considered in conjunction with 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 southern New England Banks. We
have little knowledge of these other fisheries, but
with what is available on them and the yellow-
tail we can eliminate most of the measures usually
employed from further consideration.

A closed season on yellowtail appears to offer
no help except that which might accrue from re-
duction of the total catch (to be discussed later).
The period usually considered for closure is the
spawning season and with the yellowtail 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
catch after the period of restraint.

A minimum size limit may offer some small
theoretical advantages, but we suspect that the
practical difficulties in its application will over-
balance any advantages. We cannot calculate the
effect of a minimum size limit on yellowtail stocks
because we do not know the natural mortality and
therefore, cannot use the method developed by
Ricker (1945). In principle, however, if natural
mortality is low and growth rate high, it is de-
sirable to save the fish to a larger size before cap-
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 be harvested as early as practicable.
By the time the yellowtail enter the fishery, they
have passed through the period of maximum
growth in their second summer (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 whether even with a
very moderate natural mortality, there would be
a significant advantage from setting a size limit.

A second consideration that frequently enters
into the establishment of a size limit is protection
of the fish until they have had an opportunity
to spawn. The southern New England yellowtail
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 advocate a size limit cn this basis.

A serious limitation on the effectiveness of a
size limit would ensue from the use of the otter
trawl in the fishery combined with the certainty
that virtually all small 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 accompanied by a
minimum mesh size, which would be most difficult
to apply in a fishing fleet that seeks 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 acceptable for
filleting. Such a need arises from the develop-
ment of the trash fishery on and near 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 yellowtail
being included in the catch, but evidently the pro-
portion was small, for in the samples from trash-
fish catches (Snow 1950) no significant quantities
of yellowtail were included. If, however, an un-
usually successful spawning of yellowtail occurs,
large quantities of young below filleting size may
be attractive to the trash-fish boats. Such yellow-
tail would be in their most rapid period of growth
and it might be more economical to allow them
to remain in the sea to become available as food
fish later. A prohibition against landing small
fish should be effective, because the trawlers usu-
ally can avoid concentrations of such fish.

The closure of certain fishing areas has some-
times been recommended to protect spawning fish,
young fish, or fish especially vulnerable to an effi-
cient gear. 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 have
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 caught 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 mortality that might or
might not have been compensated by growth.
Even a loss might have been desirable if it evened
out the landings over a longer period. Advocacy
of the measure for this reason requires studies be-
yond the scope of this report.

CONCLUSIONS

If, as appears probable, the abundance of the
yellowtail is determined largely by natural causes
beyond our control, no definite size or kind of
catch can be expected from a given fishing effort.
No action is necessary to prevent extinction of the
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species; the high cost of fishing them will ease the
pressure in time to save a spawning nucleus. The
greatest catch from the yellowtail stocks may be
obtained by fishing them when available without
restriction other than the inevitable economic ones,
which are necessarily greater in a highly fluctuat-
ing fishery.

Such erratic catches as characterize the yellow-
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 earnings of the fishermen would
be better maintained 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 and
the factors influencing the size of the stocks. One
* of the most troublesome features of our study has
been the lack of knowledge of the yellowtail pop-
ulations not being taken by the fishery. The study
of these apparently numerous populations and
subpopulations which do not fully intermingle
can be accomplished only by thorough sampling
of the commercial landings 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 larvae and juveniles, or of other factors
which may limit the size of the stock.

Adequate answers to these questions will re-
quire considerable effort; however, a satisfactory
guardianship of the stocks can probably be main-
tained with a limited study to 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-
surate with the value of the fishery and will pro-
vide invaluable data for any futuve, more elab-
orate investigation that may become desirable.

SUMMARY

An intensive study of the yellowtail flounder
(Limanda ferruginea) 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
substitute. The total United States landings of
this flounder rose from 23 million pounds in 1938
to 70 million in 1942, then declined to about 30
million 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. Through Decem-
ber 1952, a total of 377 tags, or 14.5 percent, had
been recovered. The recoveries indicated that the
yellowtail occur 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
recapture was 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-
tween Nantucket Shoals and Long Island, part of
which may have begun to move to Georges Bank
in the summer of 1947.

2. Georges Bank stock on the shoal paris 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 numbers 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 and fol-
lowing comments apply to it.

1. Landings from the southern New England
stock declined from 63 million pounds in 1942 to
10 million pounds 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 selected 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., with
males averaging 33.34 em. and females 37.21 cm.
There was no trend toward smaller fish in the
landings between 1942 and 1947; however, later
reports show that 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 estimate the weight 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 spawning in early April. Dif-
ferences in the length-weight relation among the
quarters also were considerable, and yellowtail of
average length 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 revealed that the catch per day was
greatest during the third quarter of the year. De-
spite this seasonal fluctuation, the change in ap-
parent relative abundance as reflected in the catch
per unit of effort approximately paralleled the
downward trend in the catch during the years
1942 through 1949.

5. Growth data were developed from the at-
tained length at time of capture of 9,204 yellow-
tail for which the ages were determined from
scales. The females attained a 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 indicated an unusual rate 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 attains a length of
nearly 30 cm.

6. There was no trend toward a greater propor-
tion of young fish in the catch between 1942 and
1947. The average age composition of yellowtail
in the landings, in numbers of fish, was 1.3 per-
cent l-year-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 estimated total mortality rate among
yellowtail completely available to the fishery was
86 percent 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 revealed
that most yellowtail of both sexes mature during
their second or third year of life. Of the females
aged, 52 percent were mature at 2 years and 100
percent at 4 years or more; of the males, 84 per-
cent were mature at 2 years and 100 percent at 4
years or older. Most males mature before enter-
ing the fishery and mostly before they attain 26
cm., while 50 percent of the females in the land-
ings were mature at 31.98 cm. and 90 percent at
40.17 em.  The catch during the spawning season
in 1943 included only 6 percent immature males
and 16 percent immature females.

9. Examination of the ovaries of 1,157 females
sampled periodically from the landings in the
spring of 1943 revealed that 90 percent of the fish
spawned between 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
lIarvae of the yellowtail during our investigations,
hut Sette (1943) recorded considerable data rela-
tive to these stages during his mackerel investiga-
tions in 1929 and 1982. 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 Jersey, 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
the yellowtail grounds. The area southeast of No
Mans Land at one time produced large quantities
of haddock, later yellowtail, and still later “trash”
fish. These changes in fish populations may be
associated with fundamental ecologic changes,
possibly a warming of the climate,

12, The exact effect of the fishery on yellowtail
stocks is not known, but our studies indicate that
as the fishery removed the yellowtail from their
favored bottom new populations moved in, becom-
ing available to the fishery at an estimated 35
percent a year, in addition to any natural mortal-
ity. Unreplenished by young, the accumulated
stocks were used up by the fishery until there were
no other 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 populations from 1938
to 19042,

13. We do not believe that the great decline in
the catch of the southern New England stock was
caused by catching too many yellowtail, too small
yellowtail, or spawning yellowtail. There was no
evidence of a significant waste of small fish dur-
ing the period of this study. Therefore, no re-

“strictive legislation appears needed unless there 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* supplied the infor-
mation on the production of yellowtail flounder
by ports.

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.

1989. Fishery Statistics of the United States, 1939.
Statistical Digest No. 1: total production for the
year, 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 statistical subarea.

1946-1949. New England Landings, in Current Fish-
ery Statistics series: all data by statistical sub-
area.

New Bedford, Mass.

1940. Monthly landings copied from dealers' records.

1941. Monthly landings compiled from daily reports
telephoned to Boston Fishery Market Néws Serv-
ice by the port agent of the Atlantic Fisher-
men’s Union.

1942. Landings of Fishery Products at New Bedford,
Mass.,, in Current Fishery Statistics No. 108:
landings by months.

1943 (Jan.—June). Monthly landings by statistical
subarea compiled from dealers' records and daily
interviews.

1943 (July)-1945. Landings by Fishing Craft at New
Bedford, Mass., in Current Fishery Statistics
geries : all data by month and statistical subarea.

1946-1949. New England Landings, in Current Fish-
ery Statistics series: monthly landings by sta-
tistical subarea.

Provincetown, Mass.

1940-1943 (July). Monthly landings compiled from

daily reports to Boston Fishery Market News
Service.

1Unless otherwise specified, all publications are those of the
United States Department of the Interior, Fish and Wildlife Serv-
ice, Washington 23, D, C.

2 Although certain data on the landings of yellowtail ﬂounder\
are available for the years before 1940, they are compiled by the
home port of the vessel instead of the port in which the trips
were landed. Thus, the data are not comparable with those of
the later years. Furthermore, before 1938 all species of flounders
were consvlidated in the statistics,

Provincetown, Mass.—Continued

1943 (Aug.)-1949. Monthly landings from records
of the Massachusetts Department of Conserva-
tion, Division of Marine Fisheries.

Woods Hole, Mass.

1940-1943 (July). Monthly landings compiled from
daily reports to Boston Fishery Market News
Service.

1943 (Aug.)-1949. Monthly landings copied from
records of the Massachusetts Department of
Conservation, Division of Marine Fisheries.

Chatham, Mass.

1943 (Aug.)-1949. Monthly landings copied from
records of the Massachusetts Department of Con-
servation, Division of Marine Fisheries: land-
ings before 1942 wunavailable and yellowtail
landings considered negligible.®

Plymouth, Mass.

1944 (Oct.)-1949. Monthly landings compiled from
dealers’ records: landings before this date con-
sidered negligible.?

Nantucket, Mass.

1944-1949. Monthly landings compiled from dealers’
records: landings before 1944 considered neg-
ligible.?

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 reported by the
New York Fishery Market News Service. -

1942, Current Fishery Statistics No. 164. Total
production for the year. Proportion by month
estimated from daily reports of New York Fish-
ery Market News Service.

1943-1949. Monthly landings compiled from daily
reports of the New York Fishery Market News
Service. The total production reported for 1942
was 3.505 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 facilities
were not built until 1943.

3 Diversion of landings to smaller ports commenced after price
controls were applied in 1943,
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Connecticut.

1940-1941. Twenty-fourth Biennial Report of the
Connecticut 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 Service.
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—49. Earlier years 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 Current Fishery Statistics No. 193.
Landings by months.
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New York City, N. Y.—Continued

1945. Landings by Fishing Craft at New York City,
in Current Fishery Statistics No. 269. Landings
by 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, as 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 the 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 same 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 hard, rocky bottoms shunned by
otter trawlers. All species 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 yellowtail. During the winter
months of November to March, the fleet fished
Cape Cod Bay and Massachusetts Bay, statistical
subarea E, and during the rest of the year they
fished east of Cape Cod on the western side of
South Channel in statistical subarea G. On the
basis of this information, which was gathered
through interviews with captains of vessels oper-
ating out of Provincetown, the landings of yellow-
tail flounder have been assigned to these two
subareas 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,
statistical subarea E, and all landings of yellow-
tail flounders have been assigned to this subarea.

Wood§ Hole, Mass.

The regular fleet consisted of 15 or more small
otter trawlers and 2 medium-sized otter trawlers
that fished the same grounds fished by the New
Bedford fleet of small otter trawlers. Trips were
also landed there occasionally by New Bedford
vessels. The landings of yellowtail flounder at
Woods Hole have been assigned to statistical sub-
areas in proportion to the landings at New Bed-
ford by small otter trawlers.
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Nantucket, Mass.

Most of the vessels landing in this port were
small and medium-sized draggers that commonly
fished the same grounds fished by the New Bed-
ford fleet, and they land there or at Woods Hole
occasionally. The landings at Nantucket have
been assigned to statistical subareas in proportion
to the landings by all otter trawlers at New Bed-
ford.

Rhode Island, Conn., and Long Island, N. Y.

Landings at ports in these places were variously
assigned to statistical subareas according to in-
formation gathered from interviews with fisher-
men from these ports during October and
November 1946. This varied slightly from port
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to port and season to season, but virtually all of
the fishing was west of Nantucket Shoals.

New York City, N. Y.

Landings of yellowtail 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 captains of both
small and medium-sized 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 Island.

C. LENGTH FREQUENCIES OF YELLOWTAIL BY STATISTICAL SUBAREA, QUARTER
AND SEX, 1941-47

TaBLE C-1.—Lenglh frequencies of yellowlail: By area,
quarler, and ser, southern Nova Scotic (XXI-0) and
eastern Massachuselts grounds (XXI1I-E)

Southern
Nova
Scotia

Eastern Massachusetts grounds

Length of fish 1945
2d quarter |quar-

1944
3d quarter

1947

1946
24 quarter | 2d quarter

Male| Fe- | Both

Male| Fe- |Male| Fe- |Male| Fe-
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TaBLE C-2.—Length frequencies of yellowtail: By area,
quarter, and sex, western side of South Channel (XXI1I-@)

Length of fish

1945 1946
1st quarter 2d quarter
Male Female Male Female

Total
Mean length (cm.)

90
36. 51

TaBLE C-3.—Length frequencies of yellowtail: By area,
quarter, and sex, eastern side of South Channel (XXII-H)

1042 1944 1645 1946
4th _.__| 1st quarter | 1st quarter
quar-
Length of fish | ter | 1st quarter | 4th quarter
Male| Fe- | Male| Fe- | Male| Fe- | Male| Fe-

{(em).___.._

40.97| 38.07( 42.93| 37.77

42.22( 37.68| 41.86

TaBLe C—4.—Length frequencies of yellowtail: By area,
quarter, and sexr, ceniral and southeast Georges Bank

(XXII-M)

Length of fish

1942
4th
quarter

1944
4th quarter

1945
3d quarter

1046
3d quarter

Both
sexes

Male Male

Male

t

—

Mean length (em.) ..

TaBLE C-5.—Length frequencies of
quarler, and sex, southwest Georges

%ellowta-il: By area,
Bank (XXTI-N)

Length of fish

1942 1947
Ist
quarter
{ 3d quarter 4th quarter
Both | Male [ Female| Male | Female
sexes

1
Mean length (em.). ...
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TaBLE C—6.—Length frequencies of yellowlail: By area, q}mrter. and sex, Nantucket Shoals and Lighiship grounds
0

Length of fish

1943 1944
1942
4th quarter
1st quarter 3d quarter 13t quarter 3d quarter 4th quarter
Male Female Male Female Male Female Male Female Male Female Male Female

t
EEgELEERREIREY
S iv i in v tn v e

1
7

TaBLE C-7.—Length frequencies of yellowtail: By area, quorter, and sex, Nanlucket Shoals and Lightship grounds
XX7]-

1045

1946

1947

Length of fish

1st quarter

34 quarter

4th quarter

1st quarter

3d quarter

4th quarter

3d quarter

4th quarter

Male |Female

Male (Female

Male

Female

Male {Female

Male [Female

Male |Female

Male

Female

Male |Female

cnnhntrrr v tn
Ir R K] (1]
BEBBERE

BRENBERERRR
[+]
g
;

Bg
trinen
on
28

s
o
[r]
8

X

3]
S on
aan
288

Total________.
Mean length
em,) __....
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TaBLE C-8.—Length frequencies of yellowtail: By areaj,( ula}rtg, ;l;)ld ser, off No Mans Land and southern Massachusetts
(2 W, Lt

1941 1642 1943

24 quar- | 4th quar- | 24 quar- 4th quarter 1st quarter 2d quarter 3d quarter 4th quarter
Length of fish ter ter ter

Both Both Both Male Female Male Female Male Female Male Female Male Female

28em. oo

TaBLE C-9.—Length frequencies of yellowtail: By area, q_t;artg, gnd sex, off No Mans Land and southern Massachusetts
(XXI1I-0,

1944 1945

Length of fish 1st quarter 2d quarter 3d quarter 4th quarter 1st quarter 3d quarter 4th quarter

Male | Female | Male | Femsle| Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
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arter, and sex, off No Mans Land and southern Massachusetts

Length of fish

1948

1947

1st quarter

2d quarter

3d quarter

4th quarter

1st quarter

2d quarter

3d quarter

4th quarter

Female

Male

Female

Male | Female

Male | Female

Male | Female,

Male

Female| Male

Female

Male | Female

Y T e T T T F
ot i e D I e S S in S O En e A I T

dlbem. . ...

Total...._....
Mean length
(em.)y_ . .

BESSERRNBRBBovanmaw

—
oo

87.76

38. 44

TABLE C-11.—Length frequencies of yellowlail: By area, quarter, and sex, Rhode Island shore (XXII-S)

Length of ish

1042

15t quar-

ter ter

2d quar-

1943
24 quarter

1944

1945

1st quarter

4th quarter

1st quarter

24 quarter

4th quarter

Both
sexes

Both
sexes

Male

Female | Male

Female | Male

Female | Male

Female | Male

Female

Male | Female

BRERRERIER
o
8

cm.

cm.-_.

Total.___.___.

Mean length
(e

m.)..__ ...

1 s 1t R D €0 R 00 I =]

—
—
=}

...
=
2N E8EvcwaBEnw

b b et et

&Hﬂ&HWUﬂhB#NHNWN“N

8

36.16




244 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

TaBLE C-12.—Length frequencies of yellowlail: By area, TaBLE C-13.—Length frequencies of .ye.llo-wmil: By area,

quarler, and sex, Rhode Island shore (XXII-S) quarter, and sex, off Southeastern Long Island (XXII-I
147 1942 1944 1947
1st quarter 4th quarter 24 quarter
Length of fish
Length of fish | 1st quarter 2d quarter 3d quarter | 4th quarter Both
sexes Male Female Male Female
Male | Fe- | Male| Fe- | Male | Fe- | Malc | Fe-
male male male male 3
3
225 em e 1 1
23.5cm__ 1 1 1
U8 em || 4 1 1
25.5 em_. 2 10 2 §
26.5 em__ [ 18 2 7
27.5em__ 2 27 8 1 5
28.5 em__ 1 40 28 15 3 15
20.5 em._ 2 32 18 13 | oo 15
30.5 cm._ 1 21 2 7 4 6
3l.5em__ 5 10 1 12 5
32.5 em.._ "8 | LK T 12 5
. 14 )L 1 P 9 4
8 M 4 4
7 N I 4 8
7 Y () P 5 2
11 2 VO 3
4 |: 3 I .
3 b2 (. 2
14
7 Total ... 240 134 94 16 84
g Mean length (em.) 35.03 32.28 386. 51 32,76 35.24
1
2
1
1
120
36. 52

TaBLE C-14.—Length frequencies of yellowtail: By area, guarier, and sexr, from the southern New England stock

1843 1944

1942
4th quarter
Length of fish 1st quarter 2d quarter 3d quarter 4th quarter 1st quarter 24 quarter 34 quarter 4th quarter

Male | Fe- | Male| Fe- | Male| Fe- | Male| Fe- ) Male| Fe- | Male| Fe- | Male | Fe- | Male | Fe- | Male | Fe-
male male male male male male male male male

cm
cm
cm.
cm. .
9 CM.
cm. .
cm
[
cm

BREBEEER

Total




69—O0 S669.L%

9

TaBLE C-15.—Length frequencies of yellowtail: By area, quarler, and ser, from the southern New England stock

Length of fish

1945 1946 1047
1st quarter 2d quarter 3d quarter 4th quarter st quarter 2d quarter 3d quarter 4th quarter 1st quarter 2d quarter 3d quarter | 4th quarter
Male | Fe- | Male| Fe- | Male| Fe- | Male| Fe- | Male| Fe- | Male | Fe- | Male| Fe- | Male| Fe- | Male| Fe- | Male| Fe- | Male| Fe- | Male | Fe-
= | male’| - male male | - male | * ‘| male male male -male - | male male ‘male .| .male

49.5 em.__
50.5 em..
51.5em__
525em. ...

-

RERRBE e

8

RERBUIBIE

ANVIONTE MAN J40 YIANAOTA TIVIMOTIAX

44 24
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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-1.—Length and age frequencies of yellowtail: Southern 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 Bex undetermined
Length of fish
lan-|2an-{3an-{4an-|5an-{ 64 |[lan-|2an-{3an-|(4an-|5an-{6an-| 74 [(lan-|2an-|3an-|4an-|5an-|6an-| 74
nulus| nuli { nuli | nuli | nuli | an- [nulus| nuli | null | nuli | nuli | null | an- [nulus{ nuli [ null | nuli | nuli | nult | an-
nuli nuli nuli
1942

Tota
Mean

Second quarter:
26.

Total .........._
Mean length (cm.).j...

Third quarter:

=g

) I,
Jength (cm.).

2 1

5 1

4 2

7 3

6 3

2 4

2 2

6 2

2 4

3

4

1

1

.................................................................................... 15 ( 100 | 135 51 36 31
RPN ROSVRPRNEY (RPROUUIN PASROIS (RRIVEVEY (RFPIUR FNRuupe (EPRPRRS PR S VR (R 20.4 ( 33.4 | 34.5(35.9 | 37.3 | 39.8

t .
ean length (cm.).

29.6

25
87.1
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TaBLE D-1.—Length and age frequencies of yell_owta-il: Southern New England stock, by year, quarter, and ser—Continued

First quarter:

Male Female Sex undetermined
Length of fish
lan-(2an-|3an-(4an-(5an-| 6K |[lan-|2an-|3an-|4an-|5an-|{6an-| 7K |lan-|2an-(3an-|4an-|5an-|6an-| 7K
nulus| nuli | null | nuli | nuli } an- |nulus| null | nuli | nuli { nuli | nuli | an- [nulus| nuli | null | nuli | nuli | puli | an-
null nuli nuli
1942—Con.

Fourth quarter:

21.5 cm. ..
22.5 ecm.
23.5 cm.
245 cm.
25.56 em.

18

19.5em.__.
20.5 cm.

T

5838

Y 3y > i (%] [ X% IO I N NI DI ORI D
SRASS RN RS ERYRNNEBRSBRNIRRREE!
crrinGr i atOTCREA TN AT I N S Ot OO e O
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TABLE D-1.—Length and age frequencies of yellowtail: Southern New England stock, by year, quarter, and sez—Continued

Male Female Sex undetermined
Length of fish
lan-|2an-i3an-|4an-|5an-| 64+ [lan-!2an-|(3an-[{4an-|5an-{6an-| 74 |1an-|2an-|3an-|4an-|5an-;6an-| 74
nulus| nuli | null | nuli | nuli | an- {pulus| nuli | null } nulf | nuli { nuli | an- |nulus| nuli | nuli | puli | nul | nuli | an-
nuli null nuli
1948—Con.

Second quarter—Con.
30.5

Third quarter:
21.6
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TABLE D-1.—Length and age frequencies of yellowtail: Southern New England stock, by year, quarter, and sex—Continued

Male Female ’ Sex undetermined

Length of fish
lan-(2an-|{3an-|4an-|5an-| 64+ [lan-|2an-|3an-|(4an-{5an-|6an-| 7+ |lan-}2an-|3an-|4an-|5an-|6an-| 7+
nulus| nuli | nuli | nuli | nuii anl-l npulus| nuli | nuli | nuli | puli | puli a.n]-l nulus| nuli | nuli | nuli | nuli | null anl-l
nu nu nu.

1254—Con.
First quarter—Con.
33.5 em

2
1
1

Total. ... . 5 36 | % [N R 3
Mean length (em.)_|..___. 30.3 3.9 [ 37.1 [ focoofeeas 31.5

Fourth quarter:
20.5

»
o
E
o
B

cm._

5535885888888

BUSERBELEBRRI
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TABLE D-1—Length and age frequencies of yellowtail: Southern New England stock, by year, quarter, and sex—Continued

Male Female Sex undetermined

Length of fish .

lan-|2an-|3an-|4an-|5an-| A+ |lan-|2an-|3an-|4an-l15an-}{6an-| 74 |lan-|2an-|3an-|4an-;han-16an-| 74

nulus| nuli { nuli | nuli | nuli anl- nulus| null | nul | puli | nuli | nuli | an- [nulus| nuli { nuli | nuli | nuli | nuli aul-l
. nuli nuli nu|

1944—Con,
Fourth quarter—Cont.
39.5 em

~N
.
o
[t KcE<K<]
8888

o
BHA

Srintntrtninininintntrrinbatntninnen
H

/OO0
1

EEEEEEEEEEEEEREE

o0
Croa

Sremendn

QOO0 00

BB ASEERnA BRI nRRERESIRNREY

Total _.._____.....
Mean length (em.).

R A S T T

EpEsgngaarag=ss

BEESBBEABRBEEE

'S
o

Mean length {cm.)
Third quarter:
23.5 em
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TaBLE D-1.—Length and age frequencies of yellowtail: Southern New England stock, by year, quarter, and sex—Continued

Male Female Sex undetermined
Length of fish
lan-|2an-(3an-|{4an-|(5an-| 64+ |lan-|2an-|3an-|4an-{5an-(6an-{ 74 |lan-|2an-|3an-{4an-|5an- Gan-| 7+
nulus| nuli | null | nuli | nuli | an- |nulus| nuli | nuli { nuli | nuli | null | an- |nulus| nuli | nuli | null | nuli | nuli | an-
nuli nuli nuli
1946—Con.

5 p
Mean length (em.).| 28.5 | 32.0 | 34.2 | 35.7 | 38.2 | 40.5 |.._.. 33.6 | 36.4 | 38.56 | 41.3 | 43.2 | 46. 4 || coooofommao | e e[|

1946
First quarter:

=4
28

R G R 3 i

Total _............ 14| 110 87 19 [/ — 1] 135 93 90 52 7 (AR JRRVSRIN AU (R PRI (R R S,
Mean length (em.).| 28.0 | 33.5 | 35.8 | 38.2 | 41.3 | ... 28.1 {134.8 | 37.6 | 41.0 | 43.2 | 46.1 | leeoooo|ommaoc]mane e e e e e
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TaBLE D-1.—Length and age frequencies of yellowtail: Southern New England stock, by year, quarter, and sez—Continued

Male Sex undetermined
Length of fish
lan-|2an-|3an-|4an-|5an- 2an- 5an-| 6 an- lan-|2an-|3an-|4an-{5an-(6an-| 7+
nulus| nuli | nuli | nuli | nuli nuli nuli | nuli nulus| nuli | null | null | nali | nuli anl-.
. . nuli
1946—Con.
Second quarter:
26.5

cm._.

S35883898888383

SHRSSEEERNRRRBBEBEN N

o

otal .. ... ...
Mean length (em.).

Fourth quarter:
28.6¢em. ...

S3885558EE5858




'YELLOWTAIL FLOUNDER OFF NEW ENGLAND 253

TABLE D-1.—Length and age frequencies of yellowtail: Southern New England stock, by year, quarter, and sex—Continued

Male Female Sex undetermined

Length of fish
lan-{2an-(3an- 4an-|5an-| 64+ |lan-|2an-|3an-|4an-|5an-|6an-| 74 {lan-|2an-|3an-|4an-|{5an-|6an-| 74+
nulus| nuli | nuli | null | nuli anl- nulus| nuli | null { nuli | nuli | nuli an]- nulus| null | nuli | nuli | nuli | nuli unl-
nuli nuli nuli

Total ... ... _feo 31 59 31 23 b2 I 34| 100 21 65 45 | 70 SRR PRV ORI NPRUVIINRY NUUPRUPIY SR S

Mean length (cm.).{...... 20.5132.6 | 35.7{37.11389.0(...___ 31.1 | 34.9(37.9 (40.7 | 42.3 | 44.9 |. oo o|-ccnoo|oomco e e e o
Third quarter:
27.5¢cm.__

Total._...__..____ 1 57 61 20 [ 10 [cooo|oooo. 131 127] 20| 38 21 7 USSR VOSSN AU SNSRI SIS AU I,
Mean length (cm.).| 20.5 | 30.5 | 32.8 | 35.0 | 87.58 |- |----__ 32.1)|34.9(37.7 | 40.3 | 42.8 | 45.0 ||} |ioo e[ eaen
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TABLE D-1.—Length and age frequencies of yellowtail: Southern New England stock, by year, quarter, and sex—Continued

Male Female Sex undetermined
Length of fish
lgn-[2en-|3an-|4an-|5an-| 64 [1an-|2an-|{3an-|4an-|(5an-|6an-| 74 |lan-|2an-|3an-|(4an-|5an-|6an-| 74
nulus{ nuli | nuli | nuli | nuli | an- |[nulus| nul | puli | nuli | nuli | nuli | an- |nulus| nuli | nuli | nuli | nuli | nuli | an-
nuli nuli nuli
1947—Con.

Mean length (em.).

TaBLE D-2.—Length and age freque

neies of yellowtail: Summary, by quarter and sex, 1942—47

Length of fish

Male Female Sex undetermined
lan-|(2an-|3an-|4an-(5an-{ 64 |lan-|2an-|3an-|4an- 5an-|6an-| 74 |(lan-|2an-|3an-|4an-{5an-|6an-{ 74
nulus| nuli | nuli | pull | nuli tml-l nulus| nuli | null | nuli | nuli | nuli anl-_ nulus| nuli | null | nuli | puli | null anl-l

nu null nu

First quarter: 1
19.5

1 Age determinations

during first quarter were not made for yellowtail with more than 6 annulf.
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" TaBLE D-2.—Length and age frequencies of yellowtail: Summary, by quarter and sez, 1942—47—Continued

Male Female Sex undetermined

Length of fish
lan-12ap-|3an-f4an-(5an- 6+ |1an-|2an-|3gn-(4an-(5an-{6an-| 74 |lan-|2an-|3an-(4an-|5an-(6an-| 74+
nulus| nuli | nuli | nuli | nult a.nl-1 nulus| nuli | nuli | noli | nuli | nuli s.nl-l nulus/ nuli | nuli | buli | nuli | nuli e\nl-l
nu nu nu

B = GO = & 63 00 GO =J 00
et ek bt DD D = G0 €O G2 N =T ST O
et bt i G2 i DD DD B G0 GO DN

b
v Cn o On,
[] Q
BE8

o
no
g8

27.
28,
29.
30.
31.
32

33.
34,
35,
36.
37.
38.
39.
40.
41,
42,
43.
44,
45,
46.
47.
48.

L P T P S R S SR S Y

Total
Mean length (cm.).
Fourth quarter:
20.5

R EEEEEEEEEEEEEEEEEYE:

- 2
.8
. .8
8
4
- 4
. 9
- 2
em_ 2
e 1
Total. ..o 6| 421 247 168 53 6 7| 438 | 336 | 316} 328 ] 145| 45 5| 147 156 69| 40 13 7
Mean length
[(C/ T T 26.5(31.9|34.4| 359 (37.6 | 38.5]24.8|33.3[36.7]39.041.1|43.2|46.4 1253 33.6(36.4|30.5|42.6) 449 | 47.1
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E. YELLOWTAIL LARVAE TAKEN IN 1932

TaBLE E-1.—Yellowtail larvae caught during cruises 1 to 7
of the Albatross II, in 1932

[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. adjusted totals represent number of larvae per
17.07 square meters of sea surface; see Sette (1943, pp. 211-215) for method

of computing]
Count of larvae | Total larvae
8tation and haul
Small | Large | Small | Large
Crulse 1
Martha's Vineyard
Station I ('21}82’;) May 2:
........ 54 ...
b2 2
Adjusted total_ _.________._..____ [RUPRRR P 38 1
Station II (21328), May 2:
Upper haul:
112/1500. - o coee e, [ 80 [-ooe--..
1388/1500.__ .. ... (2N P 8
Lower haul: -
112/1500. .. ... ... : 2 IO 40 | ...
188R/1600. - .. eoee] e ) N [ 1
Adjusted total . ___...__._..___._.| .. __|........ 76 7
Station IIT (21329) May 8:
pper hau
112/1500 ...................... [ P {1 3 PR
1388/1500. . ... [ 0 ... 0
Lower haul
B6/1500. .. ceioiaooo [ D 0.
14441500 - ..ol (1 1 [ 0
Adjusted total . ____._ .. . __{ ____._.| ... 0 0

Statfon 1V lgzlalao), May 3:

Adjusted total . ... ... ... _|......_. 0 0
New York:
Station II (21335), May 4:
Upper haul:
4011600 ... [V P [ PR
Remeinder ... ... |......_. 1. 1
Lower haul:
60/2400. . ... [/ P 0l ______.
Remainder .. ... . |......_. [ DR L1}
Adjusted total . ____. ... _ . |eo. 0 1
Station III (21334), May 3:
1) pper haul:
100/2000 . - e [/ 1 DU 0|
Remainder____.___.__.______.| ... L P 0
Lower haul:
80/1600._ . .. [ PR [ I P
Remainder. ... __._...___[..._.__. ) N PR 1
Adjusted total ... _____.......___|._.____| ___.... 0 1
Station IV (21333) May 3:
Upper haul:
160/1600 _ . _ 0o 0 f._ ..
Remalnder—_.._.__...._.___ | ... [/ P 0
Lower haul:
240/1200____. 0 ... [+ I PR
Remainder......_____ ... |- {128 D 0
Adjusted total __________________ | |........ 0 0
Station V (21332), May 8:
Upper haul:
200/2000. __ oo [ [P 0l
Remainder. ... [ [ E—— 0
usted tot@l. ..o oao s [1} 0
Statlon VI (21331), May 3:
pper haul;
112/1000. o e oo e VRN s [ R 0l ..
880/1000. oo N {11 (R [}
Lower haul
112/1500, — 0 {120 [
1888/1500 - - - oo | e [ PR 0
Adjusted total. - ] 0

TaBLE E-1—VYellowtail larvae caught during cruises 1 to 7
of the Albatross I, in 1932—Continued

Count of larvae | Total larvae
Station and haul
Small | Large | Small | Large
CRUISE 1—Continued
Barnegat:
Station I (21336) May 4:
Upper haul:
240/2400__________________..._ 0| - [ 1 T
Remalnder. ..o el [ P 0
Adjusted total.__._._ . 0 0
Atlantic Cit.f':
Station (21337) May 4:
Upper haul:
120/1200. .. 130 [ooooo.-.
Remainder- 7
Adjusted total 91 5
Station I (21338), May 4:
Upper haul:
60/1000

Adjusf
Station III (21339), May 4:
Upper haul:

Adjusted total._.

Btat%m v (213140), May 4
pper bhau
80/1600

Remainder. ... . oael_.

80/1600
Remainder.
Adjusted total ____._____________

Cape May:
Btation II (21345), May 5:
Up per haul:

________________ 260 3
(20 PR [ -
________ b2 —— 2
[ ) P [ [S—
_________ [V —— 0
- 0 1

[ 2N " [ [——"
........ [ (]

Adjusted total. .
Station I1Y (21344), May 5:
Upper haul:
160/1500
Remainder.._...........____.
Lower haul:
200,

Adjusted total ... ____..._____
Station IV (213l43) May 5:

Adjusted total ... __.._______
Station V 21342). May 5:
Upper ha
80/1

Adjusted total ... ...
Station VI (21311), May 5:
Uppeoro aul:

Remainder.
Lower haul: All

Adjusted total _________.__________
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TABLE E—-1.—Yellowtail larvae caught during cruises 1 to 7
of the Albatross I1, in 1982—Continued

Count of larvae| Total larvae Count of larvae| Total larvae
Station and haul Station and haul
Small | Large | Small | Large Small | Large | Small | Large
CRrUISE 1—Continued CRUISE 2—Continued
Fenwick: Montauk Point:
Station I (21346), May 5: Station I (21375), May 15:
Upper haul: Upper haul:
180/1800. . oo 24 oo 240 (oo ___ 561000 oo L 2 I 161 | ___
Remainder...._.__________ . _[-__...__. 46 |- 46 944/1000__. ______ . |eceee.o [ SR 7
Adjusted total ... .. o |eooofeeames 188 32 Adjusted total_ . |eeeio]|eeamans 113 5
Winterquarter: Statlon 11 (21376), May 15:
Station I (2134") May 5: Upper haul:
Upper haul: 56/1000. . ... ) S [ 18 |-
500 e 19 |eeo o 356 |- - 944/1000.__. .. |eooao. 16 |- 19
Remainder ... ... . |..._._ .- 2 78 Lowerl haul: 0 0
Adjusted total______.______ | ]|aemeas 249 55 9441000 s b2 IR 2
smtlon IT (21348), May 5:

Upper haul: Adjusted total . _ .| |eeeeoos 11 12
2680/3000.. .. ({1 P (1 Station ITI (21377), May 15:

Remainder___..____.__ ... ___|-..___ ) 17 Upper haul:

Lower haul: SB1600. - - eae [ P [ R
200/1500. ... ... [ 73 — 45 oo 1444/1500 o [} P 0
Remainder__.._..._ .| 26 |.ooaeeo- 26 Lower haul:

SA/1500. . ..o 0 - .. (V8 I

Adjusted total _______.____________|._______{--__... 28 26 1144/1500 _____________________ R [+ 25 [ 0

Station IIT (21149). May 5:
Upper hanl: . Ad]usted [ X211 (P R R, 0 0
160/3000. - ... [ F—— [ PR Shinnecock:
Remainder___..._._.....__ R PR 2N 2 Station I (21374), May 15:
Lower haul: Upper haul:
260/2000. ... [+ N P [) I P 112/1000_ ... ) U R [
Remainder_______ ... |ccoooo | 2 888/1000. .. e ) SN - 1
Lower haul:
Ad]usted total ..o e 0 2 1000 _____ ... .| Of..___| O |__
Chesapeake Bay 5
Station I ("135") May 6:

Upper haul: Adjusted total____._.__._________|. . |e.i.o___ 5 4
300/1000. ... ... L 7 10 |- Station I (21373), May 15
Remainder. ... |emrenam e el Upper haul:

§6/1000__ ... ... [} (R 0 ..

Adjusted total_ ... | oL [ 2 I 944/1000_ .| 0. - 0

Station I (°l'§51) May 6: Lower haul

Upper haul: 561000 - . 2 . - 2
1000/3000.. ... 13 fommaeenn 39 |- 844/1000 o ]emienes 7 2
Remainder_ ... ||l

. Adjusl;ed total o |eooo]ios 2 2
“Adjusted total_ _ .| ). b7 New York
Station III (21350), May 6: Statlon I (21369), May 14:
Upper haul: haul:
500/2000___________.._.__.._. [/ ) [+ 1) PO
Remainder .|l |eaeees

Lo“;cr haul:

Adjusted total_ _______..__..____.
CRUISE 2

Martha'’s Vineyard:
Station I (21381) May 16:
Upper haul:
B6/1500. . e
14441500 . ..o
Lower haul:
56/1250

Adjusted total _______.___________

Station II (213%0), Moy 16:
Upper haul:
56/1500.

14441500 ...
Lower haul:
56/1000.

Adjusted total __._________.______
Station III (21379), May 18:
Uppg‘r haul:

56/16
1444/1500_ -
Adjusted total .. ._.____._______}\_

................. 0 0
F N PO 1,580 |-ooooo..
________ T A 15
L% 3 PO &1 PO
________ R 12
................ 1,426 16
[\ )] [\ )
_______ il 1
2| 4|
________ () 0
________ 3 1
(1] O 1)

Adjus
Station II (21370) May 14:
Upper haul:
562250 ... ...

/22
21042250 .
Lower ha.sgl

Adjusted total ... ...
Statlon T1I (21371), May 14:
Upper haul:

Adjusted total ... _______..___..

Station 1V (21372), May 15:
Upper haul:
2/2000 ______________________

Lower haul:
112/1500_ ...
1388/1500. . oo ovaemanas

Adjusted total. ...
Barnega

Statlon 1 (21368), May 14:
Upper 1(!:.)151

16| e | ..
........ (- . i
E ) — 786 |-oeeee.
________ £ P 0
T . 854 72
3. L7
........ 0. 3l
Y 5%
........ L) 10
................ 78 2
0lo.. [
________ ) . 0
[ () I
________ ) 0
________________ 0 0
38 | 1,180 ..
........ @l i
________________ 836 . 34
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TaBLE E-1.—Yellowlail larvae caught during cruises 1 to 7
of the Albatross I1, in 1932—Continued

Count of larvae| Total larvae . Count of larvae | Total larvae
Station and haul Station and hauil
Small | Large | 8mall | Large Small | Large | Small | Large
CRUISE 2—Continued CRrUISE 2—Continued
Atlantic Ci ‘Winterquarter—Continued
Station (21361) May 14: Station ITI (21356), May 10:
pper h Upper haul:
5611500 L I P 241 |_____... 56/1000. . . ... 0| ..___ 0 ..
1444[1500_ ....... 11 oo 11 944100, e ) I 1
Lower haul.
Adjusted total__.____.______.___ |l .. 169 8 56/1000_ ... ...
Station IT (21366) May 14; 944/1000____
Upper haul:
/1000 - ... [ 2N (R 54 |........ Adjusted total
044/1000. ... 1 J) 19 Chesapeake Bay: M
Adjusted total . _.___ ... .|.______}--_.__. 30 13 s*’“{‘}},‘pﬂ”gﬁ’{) 8y 9:
Station IIT (21365), May 14: /1000

Upper haul
56/1500. ... . ... L1 1 (—— [ I P
1444/1500 ............................. ) N RO, 1

Lower haul

............................. {1} PR, 0.
7T 1| 1 4l wr
justed total __. ... ... [ ... 0 2 i Skl e kot
Btntlon IV (21"564) May 14: Adjustedtotal _ - oo e 75 27
D e ol ol Station ITI (21355), May 8:
14441500 TN 1. 1 Upper haul: .

Lower haul 56/1500 Ll RS [N PR
BB/100_ . _._..__........o... L) N F— e R A e R °
1444/1500. ... |oaloo ) i (" 1 SO/1500_ . oo i Y ol

o MAd]usted (77 I IR R 0 2 1444/15"0 ----------------------------- Ll 0
ape
Station T (21359), May 13: Adjusted total. ... 0 o
Upl?m}llb%l} ______________________ ol .. LY CRUISE 3
P4/1000- oo kil s 3 Martha's Vineyard:
Adjusted total _. ..o oo, .9 2 Stat{?n L (21382) May 19:
pper haul:
sm{‘;’gpﬂ. (2;3'150 . M 561000 . _....__.______.___ L P 1,857 |
B6/1000_ oo, 40 | . 714 | . Q441000 .- | L% R 15
04411000 LTI . ni......I—— 12 Lower haul:
561000 ... .. ... 19 ... 330 ...
g Adjusted I e 500 8 41000, oo fadl E 30
taon UL 181, May 13: Adjusted total. . .ooo oo ooooo || 1,131 »
561000, . el 2 {aminan 36 (... Station IT (2!383) May 19:
944/1000__ . . fecaaeaan I 7 Upper haul:
561000 . ____ 2 36 |
Adjusted tota) .. ... [ _f._____. 25 5 944/1000. . .| [ I (R 0
Station IV (21362) May 13: Lower haul:

Upper hau 56/1000__ ... .. 2. 36 |-
56/1000_ .. ... [ I (R [0 PR 944/1000. ... o : ) 3
044/1000__ .. l|eeoiool [ 2 P I . 0

LOW%I'I lho?)gl 1 8 Adjusted total __._______ . .___|..__. .| ... 45 2
B [ N O P R |- I
44/1000 o 51 35 Stat%?gplgrr (3‘11384) May 19:

Adjus 16 56 1500566 """"""""""" 0l------ [} Ofwmmo- )

Statlon v O19Rsy - May 13 Lo“}e‘;“h/,}ul """""""""""""""""""

Upper hanl: 56/1250_ . .. [\ ol
;12/2000 ---------------------- 0 - o 0 ... 5 1194/1050 _____________________________ ol......_. 0

Lower haul: 0 0 Adusted total. ... ..o |oeoeeec|oo 0 )

A A V|77 1 Montauk Point:
o Sl.at_l[?n I (12381), May 20:

Adjusted total ... ... o |eeooodeeo.. 0 1 pper haul:

Winterquarter: S6/1500. .. ... ... LU FE o (U EREEE r
Station I (21358), May 10: Lowl::ﬂ:ﬁ?o -------------------------------------

Upperhaul: ol ol SH1500_ . e 3 184 |
14441500 0TI 2 7 144415000 ..o 30 |- 31

Adjusted total_ ... __..__.__{ | _ ... 0 5 Adjusted total ... [ 84 20

Station IT ("1357) May 10: Station TT (21386), May 20:

Upper haul: Upper hanl:

S6/1500__ ... [} P 0 oo, 561000, ... e [ P 0.
1444/1800 ... . )oo..... 0]....oo.- 0 O44/1000. . |- e 13 |oaaeees 14

Lower haul: Lower haul:

56/1500. oo ... 0| ....... 0| ... 56/1250_ .o, (| P [/ I
1444/1500_ .| 6l |........ 63 1194/1250 .o ]e e 10 |oaennas 10
Adjusted total ... __________t______f______ 0 40 Adjusted total.__.._ . ...l .. 0 15

1 Part of this haul may have been lost.



YELLOWTAIL FLOUNDER OFF NEW ENGLAND

TaBLE E~-1—Yellowtail larvae caught during cruises 1 to 7
of the Albatross 11, in 1932—Continued

259

TaBLe E-1.—Yellowtail larvae caught during cruises 1 to 7
of the Albatross II, in 1982—Continued

Count of larvae | Total larvae Count of larvae | Total larvae
Station and haul Station and bhaui
Small | Large | Small | Large Small | Large | Small | Large
Cruise 3—Contiuued CRUISE 3—Continued
Montauk Point—Continged Atlantiec City—Continued
Stat%m 1[1;21:«}85), May 20: Stat{t]m 11X éﬂ:}ﬁ'l), May 21:
pper hau pper haul:
56/1000_ ___ . [0 2 I {1 3 (R 561500 e eeee e 2 | L2 N
M44/1000. . ... |-o- [+ 1 I 0 1444/1500. —e e I 7
Lower haul: Lower haul
1260 . [V 1 - {1 1 (R 5611250 e e ) ) [ 22 | ..
11941250 et [ IR 0 1194/1250. - e [ 35 PR 4
Adjusted total ... |oafeaaaios 0 0 Adjusted total_ .l feeeeooo e 47 7
Shiﬂsnteat;";gn . (21388) May 20: Station LV (21308), May 22
pper haul: P 87200 0§ 0
T - e —— NN CY [N R 3
1194/1250. - Low;g/ haul: ° 0
Adjusted total ___.__.______.____|....__.f__.__.| s00|] 24  las4ns00. .. e T T
Station II (21389), May HH/1500. oo oo il e 0
Upps?/moo 0 0 Ad,lust.ed T I N R 0 1
944/1000_ T LTI T 3 P 9 Ca
Lower haul: Stal.lon II (21402) , May 22
B6/1000 . - oo L3 T8 Upper haul:
044/1000. . oo 12 |- 13 69[47/220 """""""""""""""""" 2 [---e- il L i
O e e 3 4 Adjusted total. .. oooerceeeeee] oo e 19 8
Stat,lon I (21393) May 21: Station IIT (21401), May 22:
Upper haul: Upper haul:
56/1250_ . . _eoeeeaoe.. 46 |, 1,127 | A500. - o e e ememcan L3 . 402 ...
1194/1250 . .| . 66 (... 69 1444/1500 . - - - oo {2 — 79
Lower haul Lower haul
....................... 23 |- 616 [....... 56/1250__ . ... 17 |omeeann 380 [
1444/1500 ............................. 88 ... 89 11941250, - oo 20 | 30
Adjusted total. .|| 1,072 08 Adjusted total. ..o 570 66
Stamgplgr (213‘}2)' May 21: Station IV (21400), May 22
e TN 7§ Uppe o ol 0
[TTTC N R— TL & 1388800, oo T Y A 9
Lowen} lhaul 804 mvvg/ ]h;)gl: s %
1444/1500. L (] Ma100. I ) I I i
Adjusted total. . o ooooooeeon oo 940 % Adjusted total : 50 2
fon III (21301), May 21: Justed LOLal- .- —oooonooo e oo n oo
Statl?;;perl (Zul ), May Station V (21399), May 22:
56/1500 . - e me < ammecmmmem e meee -3 P 134 |oeee . Upper haul:
1444/1500 _____________________________ 78 |- b H2/1500_ - oo (L) CEEEEEe S (L) SRR
Lower haul: £2-73 1 | NI P LU PR ¢
56/1250_ o oo i 0. (11 P Lower haul:
1194/1250. . oo ool | . 30 (RS 19 95%}15)6 ______________________ L —. i L1 18 IR i
Adjusted total ... |ooooi ol 81 8 0 s
Station IV (21390), May 20 Adjusfed total e l|emmeeao]e e 0 1
Uppstg; };00] 0 0 Fenwick:
o —— T R Cy I o Station I (21408), May 22:
Lower haul: p L T Upp&_:‘nl'lau 1 125
5611000, - oo (e L EERREE e4a/1000. . T T 5 i 5
B44/1000_ - e[ (1 7 P 0 el Fbiniieteiie) MY it
Ad]usted total. o] 87 4
Adjusted total . ... | [l
Rarnegat: s 0 0 Winterquarte!
Station I (21394), May 21: Station 1 (21404) May 22:
Upper haul: Upper haul:
56/2000._ .- 180/1800- _ - e [ ) P 40 | __
1944/2000. Remainder-..._.._cceoeeins.|smmmenes 30 30
Adjusted total___ .. Adjusted total . [eeeeefeeoees 28 21
Atlantie City: Station II (21405), May 22:
Station I (21395), May 21: Upper haul:
Upper hanl: 74 710
56/1250 . - e e 2] |oeeon 469 |. ...
194/1250. | 81 |...__.. 64
Adjusted total___ . e |eemeaaa 518 179
Adjusted total___________________ | .| __. 328 45 .
Station II (21306), May 21: S poer ke Y
Upper haul: m’f@/lm'
m?(l)omﬁ ---------------- L EEEERR s 161 |..... 5 Remaind
Lowerl haul: T TTTTTTTTITTTLL YT Low 512‘/ haul: 5 134
561250 .. ... . 1 P e7 |\ ...  oylab .o Bl 1% oo
1104/1280. oo oo eena 56 [oceenn- 59 1104/1250 ----------------------------- 26 feeaans 30
Adjusted total ...l .l 140 41 Adjusted total ..l l____.__ 176 96
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TasLE E-1— Yellowtail laroae caught during cruises 1 to 7
of the Albatross II, in 1932—Continued

Count of Jarvae | Totsal larvae Count of larvae | Total larvae
Station and haul Station and haul
Small | Large | Small | Large Small | Large | Small | Large
Cruise 3—Continued CRUISE 4—Continued
Chesapeake Bay: Shinnecock—Continued
Statlon I (21409) May 28: Station II (21424), May 27:
Upper haul; pper haul:
40/1600____ .. ___ [ 5 R 0| ... 28/1250__ .. .. 48 | 2,143 | .
Remainder ... |oaooooo- 0].-——_. 0 122211250 . e 72 . T4

Lower haul:
Adjusted total___..___..__. JREISRIN PRSI F 0 0 61000 ... O ) P2
Station I (21408), May 23: Q441000 ... |eeeeos 16| 17

Upper haul:

300/3000_ . .. 1) .. 10 ... Adjusted total. ... fooeoioi]eiaaios 1,381 56
Remainder......... ... ]o..ooo.. kN R 3 New York:
Station I (21420), May 26:
Adjusted total_ ... ... ... 7 2 Upper haul:
Stat{?n 11111(21107) May 23: 56/1500 . 55 | 1,473
pper hau L R T M BT
paoo /3000 ol . ol 4401500, . ..o 82 | ... 85
e ] Ll R 1 Adjusted total__...___._.____.__| .| 1,032 60
wer haul; Station TI (21421), May 26:
- 561260, . oo [ I L7 P Tpper haut:
1104/1250 . — [ [ P 9 2801000 oo, 8| 107 |

Adusted 081 ..o~ eceoe| oo | 12 7 Lomn 1000 - -ceoccie e oo e 2

S6/1500_ . .- 45 (o 1,205 (...

Cruisk 4 Ma4/1500_ - TITIIIIIITT 7 I 38

Martha's Vlne ard: usted total . ..o ol e 761 37
Station 1 (1481), May 38 Station 111 142%). Way 2

Uppor baul: pper haul:

S6/IB00. oo 50 |--oono- 1340 ... 561300 . ooeeeeee o 3 PO 241 |
M44/1500_ oo 63 f.-ooemo- 65 1444/1500_ LTI a5 | T 26

Lower haul: Lower haul
BB/LTR0. .o oo L Ll REREERPS S6/1250_ . ..o ... 20 |- 46 |
DL e el 2 194/1256_ LTI 2 27

Adjusted total . .._._.f 873 57 Adjusted total. ... ...\l 478 32

Station 11 (214301, May 27: Statlon 1V (21423, My 26

Upper haul: Upper haul:

BA1B00. ... 25 |- 660 ... 56/1250 ... ooe o eeeonee 4. 89 [ ...
1444/1500_ ... | ... 48 ... 50 119471250 Iy . 33 | . 35
Lower haul: Lower haul:
56/1000 . oo 30 [-ennense 5636 |.--.-. 561000, ... O 18 ...
044/1000. oo L 7 944/1000__ I O — 1
Adjusted total___.______.________ |} 4 3 aAdjustedtotal. ..o a1
Station Y @Lase) May o7: Adjusted total. ...l oo 85
Upper haul: Barneeat:
4500, ... 31 .. 536 | ___ Stat{?n I (2}:41‘.;) May 26:
1500 T - : pper hau

Love 4150 - 8 u 50/1800. ..o rC 3 F— 1,06 |.ooee.
56/1000_ . — ol ... ol 144411500 . - oo e 53 ... &5
/1000 - oo il ot 0 Adjusted total — oo | o 1,369 19

Adjusted total___.________. . .|| 325 21 Atlantic Cltf'

Montauk Point: Station (21418) May 26:
Statinn I (21426), May 27: Upper haul:

Upper haui: BAIS00_ .o eeeeeeeee [ 3 — 214 ...
58/1000_ _. ____________-______ 52 1. 928 [_._.___ 14441500 . . |emeeeee- ) ¥ I 18
044/2000. .. . |eeeeoee 22 |ocoena- 23

Adjusted total . _________ . | |eeeoo..- 150 13

Adjusted total __________._ .. .\ .. 650 16 Station II (2141') May 265:

Upper haul:
Station IT (21427), May 27: 56/1500. . oo 18 |-ooee. - 482 (...

Upper haul: 1444/1500 .| 18 | 14
281250 ... ... 8 |- 3,481 (.. ... Lower haul:
l222ll"50 _____________________________ 16 | ... 16 56/1000, . ... o . 21 |- £ I F——

04471000 . . |eeeeea- 17 |ceaoaae 18
Adjusted total______._____._____)._______ ... 530 120
Station III (21416) May 25:
Upper haul:
112/1500 .. [ I [
1388/1500__. .. oo ]ememeees 14 ... 15
Lower haul:
K6/1000_ ... 0 [-oooo.. (12 PR
84411000 _ . e feeen- : 3 U 3
Adjusted total. .. o .oooooo[eeoeo o fceaneen 41 12
Station IV (21415), May 25:
Ad]usf.ed total. .o et 22 7 Upner haul:
8hinnecock: 168/1500 . o ceeoean | I I [ 2N P
Station T (2'4..5) May 27: 13821500, o ooeeeeeec oo - 2 (R 6

Upper haul: Lower haul:

281500 . e 25 | iceaaan 1,340 |. ... EOMI250 . eeooo- (120 I [ ) T
147201500, ..l 36| . 37 1194/1250 L |eemane | Y [ 1
Adjusted total. ... ____l.._.__|l_..__... 038 26 Adjusted total. ...l 6 4
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TasLe E-1.—Yellowtail larvae caught during cruises 1 to 7
of the Albatross I1, in 1932—Continued

Station and haul

Count of larvae

Total

larvae

Small

Large

Small

Large.

CRUISE 4—Continued

Cape May:
Station II (21411), May 25;
Upper haul:
SAM1250_ . ...
1194/1250__ .

Adjusted total . ... ...
Statlon III ("1412) May 25:

Adjusted total.
Btation IV (21413),
Upper haul:
112/1250_
1138/1250._ -
Lower haul:
56

1500. .
1444/1500._ .

Adjusted total___._.
Station V (21414), May 25:
Upper haul:
112/1000-
888/1000.
Lower haul:
56,

Station II (21410) May 24:
Upper haul:
112/1250___ ...
1138/1250. _
Lower haul:
112/750
[T )

Adjusted total .. ____._...._____.
CRUISE 5

Montauk Point:
Station I (21432), June l
Upper haul:
56/1500.. _
1444/1500
Lower hanl:
230/2

2370/2650. -

Adjusted total ... _.___.._._
Station IT (21433), June 1:
Upps%r hau):

104472000 . __
Lower haul:

Shinnecock:
Statlon 1II (21434), June 2:
Upper haul:
B6/1250. . ..
1104/1250_ e
Low]er haul:

Adjusted total. ... _....___
New York:
Station I ("1438),
Upper haul:
56/1500

une 2:

Adjusted total._

476995 0—59——7

(LI P (U A
________ ) N PR 1
[+ [— L1 I
........ N P 1
................ 0 2
[ ——— L2056
________ 18 (. 19
L P 87 |
________ [ ]
________________ 767 55
19 .. 658 | ...
________ 39 | 10
40 | ... 46 | ...
________ | 3 (R ]
________________ - 681 30
b U 2|
________ 2 (- 2
L1 [ {11 P
________ (L3 PR 7
________________ 13 5
L1 2 (R—— 1,478 | ...
______ 62 ..o 64
________________ 1,082 45

Station and haul

Count of larvae

Total larvae

Small

Large

Small

Large

CRUISE 5—Continued

New York—Continued
Station II (21437), June 2;
Upperlhaul:

Adjusted total .__________________
Station III (21438), June 2:
Upper haul:
84/1250
1166/[2-50.
Lower haul:
12,

Adjusted total . oo
Station IV (21435), June 2:
Upper haul:
112/1000- _
88841000
Loxser haul:
112/1250
113%/1250

Ad]usted total .. eomooo
Barnegat:
Station I (21439), June 3:
Upper haul:
112/1500

Ad]uStEd total_________ ...
Atlantic City:
Station I (21440), June 3:

Adjusted total___________________
Station I (21441), June 3:
Upper haul:

Adjusted total_ . _____________
Station IIT ("1442) June 3

Adfjusted total____.____________._
Station TV (21443), June 3:

Ad]usted total ... ...
Cape May
Stat.lon II "1447) June 4:

Adjusted total
Station 1111{21446) June 4:

b2 F——— b7 (-
________ b £ 2N [ 15
........ 17 10

_________________ 6 1

51 683
________________ 478 27
14 [ 156 f. oo
________ N PR 40
........ 109 28

................ 232 23
........ 0 oo

...... bl Y FY e
10 |oeeneoos 201 | oo
........ 99 R (R 17
........ 127 75
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TaBLE E-1.—Yellowtail larvae caught during cruises 1 o 7
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TasLE E-1.—Yellowtail larvae caught during cruises 1 to 7
of the Albatross 11, in 1932—Continued

Count of larvae | Total larvae Count of larvae | Total larvae
Station and haul 8tation and haul
Small | Large | Small | Large Small | Large | Small | Large
CRUISE 5—Continued CrUISE 6—Continued
Cape May—Continued Martha’s Vineyard—Continued
Station IV (21445), June 3: Station 1II (21466), June 8:
pper haul: Upper haul:
112/1500. ... 19 ... 254 |- 281250 e e e IR 89 |

Lowleaﬁllég‘;ﬂ ----------------------------- L 25 122911280 - - oollieeiofeceeeee 44 45
168/1750, -« oo ocemcceeemeeen T 125 |ooeooe. Low;ir/ haul:

A — Rt el s 12 L —

Adjusted total____._____________| . . .. 233 92

Station V (21444), June 3: Adjusted total
Upper haul: Montauk Point:
2%2 : .| [1 75 PR [ Station I (21464), June 7:
88/2750. - e fas [/ 2 P 0 T -

Lower haul: h pprgllhs%ﬂ' 1 L. 3
168/1500 - - - oo meo oo ey T A mat I R
1332/1500 1444/1500. - oo 1 1

A500. - - -- Lov(seirl haul: 18 268
Adjusted total__.__________| .. |[-—.....] o 0o B oeecenncicncael 08 om0 oo
Winterquarter: ! 4 1166/1250 ----------------------------- [ F—— 3
Staton L (lais). June 4: Adjusted total. ..o | 180 3
28/1250. - oo oo ieeeae | I S 45 1. Station II (21465) June 7:
1222/1250. o[ 3 A ) U] haul:
Adjusted total_ . ... | .| 45 6
Station II (21449), June 4:
Upper haul:
112/1500_ . __ . . __.__ [1 3N PR {1 N P
1388/1500_ - - oe e o] [V PR 0
Lowerz;mul:
112/1250. - o oo ) U P 12 ...
9 Shinnecock:
JIBB120. - - mmvmmnoc) oo 2 |- 2 Station II (21463), June 7:
Adjusted total .. |aeo.. 8 1 Upper haul:
St.atlon IIT (21450), June 4: 56/1000_ 32 571
pxitslrzli%- 0 Q41000 - o[ [ [R— 6
.............................. {1 3 PR, -
T — (" g Lomer haa: » @ ...,

LW&%- L FYE T N [ F—

2664/3000. - - --- Adjusted total. . 741
New York:
Ghesape%ggus"eyd total Station IX (2!460), June 6:
Station I (21458), June 5: Upper haul:
Upper haul: 66/1250. oo .. N (R—— [ I E——.
56/1500- . oo, (| |3 I Lowaf1280. oo ooc e 10 foeeeen- 115
44411500 - - oo ol 0 1121260 oo 26 290
Adjusted total_ .. _ooooeee oL 0 0 1138/1250. e oo e e b 1 ) 27
S ek " e & , T R N N N 08| 219
112/2000. - - oo [N (1 P Station III (21461), June 7:
1888/2000.. - -« oo oemcmen e (| Upper haul:
5B/1500.- - - e e oo emmamae 2 N [ i) (—
Adjusted total. .. ... | _______|...._. 0 0 1444/1500 - - oo oo o ceeema e 118 |-aeeeee 17
Station III (21451), June 4: Lower haul: .

Upper haul: 112/1500. -.....- 27 362
112/1500. - e [\ 70 P 80 [-ceonees 1388/1500. - oo oo femceee p-*J IR 31
1388/1500 - < e oo ceoemceeo o 4| 48 -

Lowlelt2 lhggé 2 Adjusted total. ..o | femmeas 569 01

.............................. 18 {.ooo..
$88/1000_ .- -- - _-oor oo |eeme e i) i8 SO Ty Ko, une T:
11201260 o o) 4 e [ L7 F———

Adjusted total - .oeooooooee.| | 60 4l 5 113{};‘1,’1‘%0_ o 2 | 3

ower hau
CRUISE 6 112/2250 - - oo [ — ) —
Mortrs VIoOPed unes o ' = .

on I (21 une 8:

Upper hal:' Adjusted total_. 27 52
8/1500. . - e e 27| 1,446 ... Atlantic City:

147201500 - T L Il o 3 Station I (21459) June 6:
Lower haul: Upper haul: )
86/1500_ . oo 65 | ceenno. 1,474 | 56/1000.. - - e e e oo 2| 36
14441500 - - - - oo a8 | . 15 944/1000. - -3 [— 40
Adjusted total_ ..o ___|ooooooi ). 1,807 34 Adjusted total. ..o | femee. 25 28
Station II (21467) June 8: Station II (21458) June 6:

Upper haul: Upper haul:
2B/1500_ _ oo oo caaminnnnas [} U PR 2,197 | 112/1000. - oot 0 0
1472/1500. [ I 92  888/1000-. e eeeaen [V} P 0

Lower haul: Lower haul

B6/1500_ - - oo eccmaee e 15 [aeme 268 |.._o..- 112/1500. .. . Y (R 321 [comaan
1444/1500_ [ [ 2 P—— 44 1388/1500. «cme e emenm 151 - 163
Adjusted total________ 1,508 84 Adjusted total....._. - . 202 103
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TaBLE E-1.—VYellowtail larve caught during cruises 1 to 7
of the Albatross II, n 1932—Continued

Count of larvae | Total larvae Couat of larvae | Total larvae
8tation and haul Station and haul
Large | Small | Large Small | Large | Small | Large
CRrUISE 6—Continued CRUISE 7—Continued
Atlantic City—Continued Montauk Point:
Station ITI (21457), June 6: Station I (21489), June 19:
Upper haul: Upper haul:
168/1500. . oo cmeeoeeeeee] 0 [l [ P 20/1000. - - ) N (R [ {20 P
1332/1600. - - oo {1 I I 0 980/1000. - .o femas b2 I 2
Lower haul: Lower haul:
112/2000. cce oo B . 143 | 20/1200..... | S S 660 ...
1888/2000. 106 |- --.s 111 1180/1200.. ....... [ 7 — 5
G Adjusted total.. SNSRI (NSRRI 91 70 Adjusted total. ... RN (SRR SO, 446 4
ape May: . i :
Station II (21454), June 5: Station 11 (Lt June 19
Upper haul: 1121250 - oo (| [\ —
56/1000. oo} 4| L4 ) (R 1138/1250 LTI (1 I 0
044/1000_ . oo L PR 60 Lower }mul 6 54
1681500 ... __...___.| 6 |.______1 4 |..__....
Adjusted total .. .. | feeiooos 50 42
Station 111 (1455 Tiine 3 18821500 - oo | oo el et u
pper hau
st 3 . Adjusted total ... || 34 15
94471000 .- TTTTTTTTTTT 1537 ... 162 Station IIX (21487), June 19:-
Lower haul: u haul:
LT ) R I B PR 36 |-
1044/2000 - . ___ I 17 [ameeee 73
Adjusted total .o |emamaas 121 144
Stat%)n v }:21456), June 6:
Lt B RS N sl Adjusted total. ..o oo || a 18
94441000 ...................... [ 17 [—— 48 Shinnecock:
Lower haul Station I (21485), June 18;
56/, Upper haul:

Ad,\usted total... ..
Cape May:?
Stat{?n II (2145]4) June 5:
pper haul: Al __.._____.
Station III (21455), June 5:
Upper haul: 163/ 3500.. . __._..__
Station IV (21456), June 6:
Upper haul: 84/1000 ..............

CRruise 7

Martha's Vineyard:
Statlon I (2}%490) June 19:

250
1222/1250 . e
Lower haul:
561000, .. ..o
944/1000 _ e

Adjusted total. .. .. ______
Statlon I1 (21491) June 19:
Upper haul:
11202000, _ - oo
1888/2000.

Upper haul:
500

Adjusted total____.______._..____
Station IV (21493), June 20:
Upper h%

339
3, 332
655

Adjusted total ... ________.t ___

2 Oblique upper haunl with 2-meter net.

1460/1500.- -

Adjusted total

Sta'.lon 11 ﬁuss) June 18:
Upper
112/1000- . ...
888/1000. -
T.ower haul:
112/1500.
1388/1500. _

Adjusted total...____.

New York:
Station I (21484) June 18:
Upper hau

Adjusted total
Stat{tTm II 214?3), June 18:

16 |........ 143 (...
________ 18 |-cceeeo. 20
b1 2 (R 335 |
........ b 2 (R 25
................ 208 28

Adjusted total .. _...____________.

Station 11X (21482), June 17:
a0

Lower haul:
250/1000_
750/1000..

Adfusted total._
Station IV (21481) June 17
U haul:

________________ 56 &7
LN [ | L. 70 PR
________ - ) (S— 10
. 2 F—— [V F—
________ ) £ 20 S—— 15
47 10
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TasrLE E-1.—Ycllowtail larvae caught during cruises 1 to 7
of the Albatross IT, wn 1932—Contintinued

Station and haul

Count of larvae

Total larvac

Small | Large

Small

Large

Cruise 7—Continued

Atlantic City:
. Station I (21469), June 15;

Cape M

Upper haul:
100/1500. ...

Adjusted total . ________ . ___
Station II (21477, June 17:

Upper haul:

168/1600______ ... ____

133211500 - - e

Adjusted total. ___..__.___._.____
Station IIT (21478), June 17:
Upper haul:

Adjusted total
Station IV (21479), June 17:
Upper haul:
112/1000
888/1000
Lower haul
250/1500__
1250/1500_

Adjusted total . __________________
ay:
Station II (21470):
Upper haul:
56/1

1444/1500.

Adjusted total_
Station ITI (21476). June 16;
Upper haul:
300/1500__
1200/1500.
Lower haul:
300/1

Adjusted total
Station IV (21475), June 16:3
Upper haul:
112/1500
1388/1500

Lower haul'

Adjusted total ... ...
Statlon V (21474), June 16; 4
Lower hau

Adjusted total ... ________.____.

Winterquarter:

Station I (21471), June 16;
Upper haul:
28/1500

Adjusted t~tal. ...
Station II (21472), June 16:
Upper haul:
28/1250
1222/1250 .
Lower haul:
Y2250 _ ..
Remainder.... ... .._....__..

Adjusted total. _.__.____________.

- [V} PR

- 0l 0
................ 0 1
) O R 1 2 P

51

19 36

[V} (R [ R
........ 21 (... 22
................ 0 16
........ | S P 1
........................ 1

LI PR (L1 [—
........ L3 P 4
---------------- 0 3

0l .- [ PR
________ [0 20 PR 0

[ R [ PSR
________ 0. 0
---------------- 0 0

3 An estimated three-quarters of the upper haul was lost, therefore the
counts are multiplied by 4.
4 No fish larvaein 15 llters of the upper haul; only one L. ferruginea larva in
8liters of the lower haul.
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TasLe E-2.—Yellowlail larvae caught during cruises 8 and
9 of the Atlantis, in 1932
[Numbers in parentheses indicate statlons for which complete data are in

Sette (1943, pp.
and large larvae]

216-219); fractions indicate parts of haul sorted for small

Count | Esil- Ad-
Station and haul Date of mated | justed
larvace | total [ total!
larvae
Cruise 8
Murtha's Vineyard: 2
Station:
T (1283): 51 51 7
11 (1282): 3 3 ]
v (12sm 0 0 in
Montuuk Point:
Station:
1 (1276) 42 42 2
IL (1 16 16 22
IIT (1278 AlL 3 3 10
IV (1259): Al 1] 0 0
VT (1279): Al 1 1 0
Shinnecock:
Stution:
I (l""i"f) ll”ll_l.)(l ___________ June 29.__.._ 106 046 133
IR Al e doo__.__. 63 63 16
New York:
Station:
Tevo: Al . .| June 28 _____ 521 521 7l
T1 (1271): 196/2000. Ilmo 29 - 3n1 3071 270
IIT (1272): AN do__..... 430 430 32
IV (1293): AlLL 2ldel - 7 7 31
V(12600 Al__ June 26 - 12 12 1
VI (1261): All e oo - 0 1] 4
Barnegat: Station I (1269): AllL_.C Tune 25....__ 197 197 26
Atlantie City:
Station:
TO262: Al 195 195 26
II (12633: 168/1500. 241 2581 661
IV (1265): All.______. _.____ 1 1 [\
Cape May:
Station:
1T (1266): Al __._..._ ... |...._ do___.___ 107 107 13
IIT (1267): 2.)0/1"50 130 650 127
TV (1268): 1/10- ... ... 31 310 25
CRUISE 9
Cape Elizabeth
Station I (1323) All_. ... July 23._____ t 1 40
Boon Island:
Station:
T(322): Al_._.._.__ _. [([ — 3 3 i1
II (1325) Al .. Ju]y 4 0 0 40
Newhburyp
Qtat,lon I (1321) Al ... July 23._____ 4 4 41
Cape Ann:
Station:
1(1320): All......_......._. 8 6 i1
II (1319): All. 0 0 0
TIT (1326): AN......______. 0 0 40
Boston:
Station:
TQ317): Al __.____.______. July 22._____ 12 12 2
1L (1318\ Al el do_____._ 52 52 15
Cape Cod B
Station I (1316) Al ... R s [ O, 9 9 1
Race Point:
Station:
1(1315): Al ... 2 2 0
II (1327): All.. 0 0 0
Nauset: Station I (1314): All 4 4 11
Chatham: Station IT (1328): Al - 1 1 0
South Channel;
Station: .
TQ312): All....._.__._. 0 0 ‘0
II (1311): All. 0 0 0
IV (1307): All.. 110 110 75
Western Georges Bank:
Station:
101310 Al _.__._. 2 2 LX)
1T (1309): All.. 0 0 ‘]
IIT (1308): ANl . ______ 25 25 b
Nantucket Shoals:
Station:
TQ308): AN _..___._. 8 8 42
T1 (1305): All . 11 11 2
TII (1306): AN _____. 22 22 ‘4

See footnotes at end of table.
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TaBLE E-2.—Yellowtail larvae caught during cruises 8 and
9 of the Atlantis, 7n 1932—Continued

Station and haul

Date

Count
f

0!
larvae

Martha's Vineyard:
Station:

T(1303): All. ...

11 (1302); All..
III (1301): All
IV (1300): All
Montauk Point:
Statlon:

1 (1288): 40/1000. ... ..

TI (1289): AN ..

III (1290): Al

IV (1291): Al
Shinnecock:
Station:

I (1204); 60/1000 ........

II (12

1 (1205): 100/1000--——.__
II (1296): All. . . ..
11T (1297): 100/1000_____

IV (1298): All.__._.___
Vo(1209): ANl ...

Esti- Ad-
mated | justed
total | total!
larvae
37 4
4 1
0 10
0 i0
625 63
10 12
3 0
0 i0
1183 59
25 i5
2 0
1130 4229
10 1
160 132
3 i1
0 i0

! Represents the number’ of larvae per 17.07 square meters of sea surface.
See Sette (1943, pp. 211-215) for method of computing.
* Ohligue hauls to surface with 3-meter net.
¥ Adjustment data are not available from Sette (1943) and these tows have
been adjusted by the average of the other values, 1,136,
+ Adjustment data are not avail=ble from Sette (1%48) and these tows have
been adjusted by the average of the other values, 0.203.
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TasLE E-3.—Summary of slandard caiches of small larvac in vpper and lower hauls al cerlain stations on cruises 1 through 7
in 1932

Cruise 1 Crnise 2 Cruise 3 Cruise 4 Cruise 5 Cruise § Crulse 7
Station
Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower
Martha's Vineyard:
tation: :
I PSR 1, 106 320 950 181 a38 ~65 1,03 794 1, 406 190
I L 20 a 3 25 20 463 276, 538 —35 356 522
10 ) 0 0 0 0 0 0 375 —50 62 ~8 0 34
IV o e eeem 0 [ (SPSSURRURY DRVSVRVSPRRI FRPUPUPUROS PRUUpUPRORUIURvt) FVSRRPIVUO FVRVRPRIRRUEY SSUVURRyR NSRS PRRRUPREY RN 0 7
Montauk Point:
Station:
0 |- T (R 843 Rt 13 167 35 411
0 01 2437 168 461 220 875 32 Q0 34
111 0 0 13 0 R S RN I 38 3
Shinnecock:
St,ation

VI
Atlantlc City:
Station:

Cape May:
Station:
I

Station:

140 120) 39 e
0 0 0 0
] 0 ] 0
6 56 25 |oeeme.
14 10 0 11
0 0 0 0

LV P P,

o000

232 0 202

127 [ 01

362 113 &

85 13 32
[V} RSN (R

Station:
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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 determine (1) length
of the fish at maturity and (2) the date of spawn-
ing. Since the technique of probit analysis is not
commonly employed in fishery research, yet it has
been thoroughly tested, an explanation of its use
in this study is in order.

Probit analysis has been used almost exclu-
sively in analyzing the results of hiological assay
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 occurs 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-
mining length of the fish at maturity, the state of
maturity or immaturity is the quantal 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 stimulated by
the vernal change in environment.

The probit of a proportion P is defined as the
abscissa which corresponds to o probability P in
a normal distribution with mean 5 and variance
1; in symbols the probit of P is ¥ where

1 ¥-5
P= —_— f f’-_'l"""’(l’ll-

27

-

The transformation from percentage to probit
changes the usual sigmoid curve of percentage
response against stimulus to a straight line of the
type '

Y=qa+bX

in which ¥ is the probit and X is the stimulus,

In the analysis of bioassay results, the typical
distribution curve of dosage .Y is decidely skewed
with a long tail on the right caused by the high
tolerance of a few animals (usually insécts). Such
a curve can usually be normalized by transforma-"
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tion to common logarithms, and this has become
standard practice in bioassay. In our spawning
data, however, we have no evidence that such a
transformation is necessary. A satisfactory fit is
obtained by using the measures of time and length
directly.

Probit regression lines may be fitted by eye
if there is little scatter of the points and an ac-
curate meagure of the precision of the estimates
isnot needed. 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 ¥ must be weighted according to the ex-
pected ¥ and also according to the number of
observations used in obtaining the proportion P.
The expected ¥ is obtained from the eye-fitted
line and the weighting coefficients have been tabu-
lated by Fisher and Yates (1948, table 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 indicated in table F-1,

TaABLE F-1.—Probit analysis of the spawning period
of yellowtail, in 1943

Provi- Work-
Percent| sional ing
Date x n |spent?| probit | nw | probit
P b3 u

10 60 10.0 3.7 2015 3.719
10 62 4.8 3.7 20.82 | 3.415
10 72 9.7 3.7 24.18 { 3.701
10 5 18.0 3.7 16.79 | 4.186
17 57 19.3 4,0 | 25.00 | 4.142
17 66 21.2 40| 2805 | 4.22
25 43 16.3 4,3 | 22.80 | 4.047
27 54 241 4.4 30.12 | 4.300
37 27 44.4 4.9 17.13 | 4.859
38 41 56..1 49| 26,01} 5154
57 21 71.4 5.8 10,56 | 5.544
60 34 67.6 5.9 16.03 | 5.374
67 45 91,1 6.2 16.66 | 6.334
74 44 89,1 6.6 | 10.93| 6111
79 50 98.0 6.8 9.00 | 7.002
80 63 98,4 6.8 1 11.34 | 7.052
85 50 | 100.0 7.0 6.56 | 7.421

SUMMARY OF REGRESSION COMPUTATIONS

= nui= 313.08
I nwx= 10,407.47
I= 33.242

= pw(r-T)?=177, 838.04
= puwy= 1,470, 3402
= 4.726
2 pwly-1i= 355. 9088
= nw(-Hy-P= 7, 731.7603

1 r=day of the year minus 100.
2 From table 40, p. 217.
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which follows Finney (1952, p. 52).
‘putations lead to

These com-

¥—3.2814.04348Y

in which 1" is the estimated probit and .Y the day
of the year minus 100.

The goodness of fit was estimated by x* from

[Znw(x—7)(y—7) P
Snw(r—I)?

X=Znw(y—7y)®

X*=19.76

With 16 degrees of freedom this value for x*
will be exceeded by chance about once in five times.
We judge, therefore, that our curve (fig. 24) is a
satisfactory fit and our assumption that no trans-
formation of .Y was needed is justified.

The variance of 2 about the 50-percent point
was estimated from

1] 1 (m—7)2
Vim)= b? E-n.w+ Tnw(r—I)?
V(m)=1.808 T (m)=1.345

in which m is the 50-percent point, £ mean ob-
served @, and & the slope of the regression line.
The 95-percent fiducial limits are 50-percent point
of

2+1.96y T (m)
or

34.77 12.64

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 occurred between May
16 and 21.

Using similar computations (appendix table
F-2) for the data on length at maturity of the
female yellowtail, we find

Y=-0.2176+0.1631x

in which I~ is the estimated probit and « is the
total length in centimeters.

X=13.15, df=10, P=0.2

again indicating satisfactory fit. The standard
error of the 50-percent point,

V¥V (m)=0.9727

and 95-percent fiducial limits of the 50-percent
point (31.98 cm.) are 30.07 and 33.89 cm.

TaBLE F-2.—Probit analysis of the length at maturity
of female yellowtail, in 1943

Provi- Work-
. Percent| sional ln%

Length X 7 |mature!| probit nw probit
P Y ¥

3 0 4.28 1.58 3.51

8 25 4. 49 4,83 4.33

7 57 4.70 4.31 5.19

21 62 4.9 13.32 5.30

23 70 5.11 14. 57 5. 51

13 77 5.32 7.97 5.70

13 54 5. 53 7.46 5.08

17 85 5.73 8. 19 5.34

10 €0 5. 94 4. 58 6.23

15 73 6,15 5. 81 5. 44

12 92 .36 3.79 6. 40

14 100 6, 57 3,46 7.07

SUMMARY OF REGRESSION COMPUTATIONS

T aw= 80.37
T nwr=2, 794, 267
F= 3477
3 (r-B):=  610.9173
S nwy= 438 3684
=  5.454
T nw(y-gr=
2 nw(x-Z) (y-H=  99.6630

! From table 39, p. 216.
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