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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.




YELLOWTAIL FLOUNDER OFF NEW ENGLAND 173
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

179

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
J