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ABSTRACT

Indications from previous tagging experiments since
1897 result from tagging 2,794 cod by the author from
1955 to 1959. and evidence from other sources indicate
four groups of cod in the New England area: (1) The
cod of the offshore banks, (2) the cod of the Gulf of
Maine, (3) the" cod of southern New England and the

Although cod, Gadu.8 morhua L., nre widely
distributed on both sides of-the North Atlant,ic,
no cod marked on the Europen,n coast has ever
been recovered on the coast of North An)erica, .
nor vice versa. Many cod tngged at Iceland
(fig. 1) have been recnpt,ured oJ, 'West Greenlnnd,
but there are only one' or two records of fish
tagged at Icelnnd recaptured fiS fnr west ns Ne\v
foundlnnd waters. l\1any yenrs of marking
experiments by Europenns nnd North Americnns,
supported by studies of meristic chnracters
(Schmidt, 19:30), have conclusively demonstrated
the lack of in terchange between European cod
and those of the North American const.

Concentrating, then, on the cod "Of the western
Atlantic, there have been a considerable number
of important studies which serve to point, out t,he

. separation of vnrious groups found here.
Templeman (I95:3) considers the cod of Lllbrtl

dol' separate from those of "Vest Greenll1nd, basing
his condusions chiefly on vertebral counts. In
fi consideration' of growth mt,es, age nt sexl\ill
mntmity, nnd parasite infestation, he concludes
further thnt the Labrlldor cod nre distinct from
the Newfoundland 11l1d Grli,nd Blll1k fish. He
points out (p. 64) that, "Apnrt from fish tltgged
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South Channel, and (4) the New Jersey coastal cod
which spend the summer in southern New England.

It is suggested that the first three groups are stocks
not genetically separate, while the New Jersey fish are
a genetic subpopulation. Within all of these groups,
except the last. there is a tendency for the larger fish to
move permanently .to the north and east.

on St. Pierre Bnnk it is very unusuitl for llny fis!'l
tagged in Newfoundland to cross t,he Llll1l'entinn
Channel to the Nova Scot.in. Banks or to the
southern side of the Gulf of St,. Lnwrence."

Mnrtin (195:3), in discussing the mnjor gl'olmd
fish stocks of'Subdivision 4 or the Convent,ion
Area of the Internllt.iOlllll Commission 1'01' the
Nort.hwest At.l,nnt.ic Fisheries (l'oughly the Novu
Scotian nnd Gulf of St. Lawrence regions), st,ates
(p. 57), "The deep-wut,C!· Fundian Channel
between Georges nnd Browns Bnnks nnd t,he still
deeper Laurentinn Chnnnel between St,. Pierre
Bnuk und Bnnquerenu are bn.l'riers to the move
ment, of cod. Except, for occllsionnl movements
qf individual cod across these channels we il11ty
consider that the cod populations along the Nova
Scotian coast, in the western Gulf of St. LiL\VrenCe,
ll,nd on the Nova Scotian offshore bunks nre
resident in Sllbareu 4." As' to w~stern Novn
Scotia, he repoi.'t,s t,1ll1.t,. "Resident, populations
sllOw rest,ricted movement, lmel do not mix with
eastern or offshore COll."

The da.t,a published by ~-IcKenzie (1956) show
-- thut fl'OIll llbout ::W,OOO cod t,ngged 1l10lig t,he Nova

Scot,ia awl Gulf of St.. Lawrence coasts iLlld off
shore banks from 1926 to 1940, there were IlIim)'
hundreds of ret,urns east of longitude 65 0 W.
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FIGURE I.-The western North Atlantic area.

However, only about a dozen came from west of
65°, thll.t is from New England waters as con
sidered here.

For purposes of this study, New England waters
have been rather liberally defined as those parts of
the Atlantic Ocean north of latitude 40° N. and
west of longitude 65° W. With this and the re
sults above in mind, it is evident .that the New
Enghl.'Q.d cod are generally distinct from American
cod living to the north and east and may be treated
as one or more diserete ecological units. The only
exception is the southern stock of cod which in
filtrates the New England area in summer (Wise,
1958).

This report presents the results of recent (since
1955) marking experiments in New England
waters, taking into consideration, however, the
results of previous experiments and other evidence
where applicable, to provide the best description
possible. of the relations of the cocl groups in the
New England area. (The words "group" and
"stock" are used here as defined by Marr (1957).)

PREVIOUS TAGGING EXPERIMENTS

AIt.hough cod had been tagged 'in the north
eastern Atlantic as early as .1888, it was not until
1897 that any were marked on the American side.

Durin,g the 1920's and early 1930's, under the
stimulus of the newly formed North American
Council on Fishery Investigations, considerable
numbers were marked in New England waters by
Canadian and United States biologists. A few
publications were issued as a result of this work,
but unfortunately many of the experiments were
never reported in detail in any permanent form,
and,the original records are either lost or des
troyed. Many of the summary reports are am
biguous and contradictory, particularly as regards
the numbe.r of fish tagged and recaptured, and the
exact ~ocations of tagging and recapture. I have
consulted some of the men who engaged in these
operations, but after nearly 40 years their m,em
ories of dates, places, and nWllbers are under
standably imprecise. Insofar as possible, the
following summary, based, unless otherwise stated,
on Higgins (1929, 1930, 1931.a, 1931b, 1932, 1933,
1934, 1936), Rich (.1925, 1926), Schroeder (1928,
1930), and the reports of the North American
Council (1932, 1935), presents the most complete
recoilstruction of all experiments previous to
December 1955 .in New England wate.rs. The re
sults and conclusions drawn from them, the devel
opment and evolution of tags and methods, were
also reconstructed from the same sources, and the
latter is presented as a separate section.

190 FISH AND WILDLIFE SERVICE



TAGGING EXPERIMENTS AND RESULTS
FROM 1897 TO 1955

Table 1 shows in summary form all tagging pre
vious to 1955. Obviously these expel'iments were
of vastly different scopes, and the results in terms
of returns were extremely variable, both in num
bers and percentage" ftom a fraction of 1 percent
to numbers approaching one-half of the fish re
turned, for instance, the 1953 Canadian experi
ment yielding more than 40 percent by the spring
of 1955.

In retrospeet, however, they may' be grouped
with their results in the following way:

1. Southern Nova Scotia and Browns Bank. On
the basis of the Canadian work from 1924 to 1927,
McKenzie (1934, 1956) concluded that the fish
around Shelburne were essentially stationary,
while those at Seul Island showed a movement
eastward during summer and returned in winter.
The U.S. tagging on Browns Bank in 1927 was not
suceessful; the Cltnadian work from 1926 to 1930,'
in the Bay of Fundy, was never reported in detail,
nor was the U.S: work on BroWns in 1928 and 1930..
Inshore tagging in 1938 llnd 1939 yielded less than
20 returns, most of these neo.rby, but 1 frolil
Georges Bank.

Most of the large numbers of cod reported
recaptUred by McCx:acken (1956) from his work off
Lockeport, Nova Scotia, in the summer of 1953
were taken more or less loeally, a few from the
banks directly offshore, about 20 well to the
northeast, and 7 from Georges Bank and vicinity.

2. Gulf of Maine. From 1923 to 1932, the
U.s. Bureau of Fisheries marked fish in the Gulf
of Maine, with a concentration of the work
around Mount Desert Island and on Platts Bank.
Although good numbers of fish were marked,
probably more than 6,000, and the percentages
of returns up to about 20 percent in some cases, no
report was ever published in detail, and the only
available summary occurs in the Proceedings of the
North American Council on Fishery Investigations
(1932, p. 1~), that there was "very little inter
mingling between the more southern population
and the eod of the gulf of Maine, of Georges bank
and of Nova Scotia., . . . In general the fish of
the Mt. Desert ground have been found, by recap
ture, to remain ehiefly stationary in the locality,
the few reeorded journeys. . . being nearly all
eastward . . . ." .

3. Georges Bank. The U.S. Bureau of Fi~heries
marked cod on Georges Bank from 1926 intermit-

TABLE I.-Summary of all cod tagging experiments in New England waters previous to 1955

[See text for sources not given herel

Year' Area Number
tagged

By whom tagged

1.199 }340 U.S.-Bureau of Fisheries.
172

1.~~ }U.S. Bureau of Fisheries.
13 Biological Board of Canada.1
83 Biological Board of Canada.1

1,804 Fisheries Research Board of Canada.'

1897-1901 (wlnters) Woods Hoie and vlclnity__________________________________________ 4,019 H. M. Smith.'
1923 {Aprll-Octoberl SteUwagen Bank__________________________________________________ 12 W. C. Schroeder.
1924_________________________________ Mouth of Bay of Fundy__ _ 56 Canadian biologists.

19"..4 (J I -October) {MBssaChusetts Bay_ - - -------------------------------------------- ----------1u Y ---------------- Platts Bank_______________________________________________________ 218 W. C. SChroeder.Mount Desert. IsJend .. _
1925 {petit Manan, Maine to Southern Mass _

-.------------------------------- Mount Desert Island {Aprll-May)________________________________ 1,611 W. C. Schroeder..
Platts Bank (June-July)__________________________________________ 604

1926 (August). Georges Bank_____________________________________________________ 1,016 W. C. Schroeder.
1925-1928 (winters) Woods Hole_______________________________________________________ 1,859 W. C. Schroeder.1
1923-1929 . {Southern New England .__________________ 23,555}

------------- ---------- ----- ~~lg~nB~~~jersey----:::::.:::::::::::::::::::::::::::::::::::::: =W. C. Schroeder.
1

1926 (summer)_ -- {Shelburne, Nova Scotia___________________________________________ 4, 0~1 }BIOIOgiCal Board of Canada.
Yarmouth, Nova Scotla___________________________________________ 28

1927 {June) Seal Island, Nova Scotla__________________________________________ 1,840 Biological Board of Canada.•

{

oeorges Bank :________________________________________ 477 }

1927: Browns Bank.. ~------------------------------------------------ 904 U.S. Bureau of Fisheries.
Platts Bank (Aprll-October)______________________________________ 79 .
Cashes Ledge CSeptember-OctoberL. .__ 321

19"..8_________________________________ Massachusetts coast, north of Cape Cod, oII New Hampshire and 1,285 U.S. Bureau of Fisheries.
Maine, on or near Browns and Georges Banks.

1926-1930____________________________ Bay of Fundy_____________________________________________________ 61 Biological Board of Canada.1
1930 (April-October) Mount Desert, Oeorges Bank, Browns Bank, Cashes Ledge, Platts U.S. Bureau of Fisheries.

Bank, Nantucket Shoals.

1931.__ -- -- -- ---- ---- -- - --- -- -- --- --- {W::~: fl.~:(Ya~iiaryi::::::::::::::::::::::::::::::::::::::::::::Nantucket ShOB1s {August) , _

i;j:~f;ii;i~~~~~~~~~~~~~~~~~~~~~~~~~ {~~2fl~~~~;~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I Smith, 1902.
I Schroeder. 1930. whieh ineludes some 1.184 fish tagged to the south of

the area. .

COD GROUPS IN NEW ENGLAND AREA

·(169937 0-63--13

I McKenzie. 1934. 1956.
, McCracken. 1956.
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t.ently t.o 1930, probably something on the order
of 2,000 fish in all, but the records show only 6
recapt.ures, 3 of them on t.he bank.

4. Woods Hole. Smith (1902) and Schroeder
(1930) report basically similar results' from re
leasing with marks during the winters o( 1897-1901
and 1925-28, nearly 6,000 of the cod which
had been held at. Woods Hole as a source of eggs
and milt for the hatchery in operation during that
period. Most were recapt.ured locally, some to
t.he north and east., and some as far south as sout.h
ern New Jersey. Schroeder incorporat.ed the
results of this work in his condusions about the
cod of southern New England (see below). The
results of the 1931 and 1932 work were never
published. .

5. Nantucket. Shoals and southward. Schroeder
(1930) reports in considerable detail on the tagging
from 1923 t.o 1929 of nearly 25,000 fish, mostly on
Nantucket Shoals, and also as far south as south
ern. New Jersey. His most important condusions
from these experiment.s, taken t.ogether with length
frequency st.udies and sclerite count.s of t.he scales
were:

(a) The stock of cod living on Nant.ucket
Shoals is for the most part distinct from that living
t.o the north and east of southern Massachusett.s.

(b) A large part of this stock makes a fall migra
tion to the Rhode Island-Nort.h Cnrolina region,
where many spawn and most remain until spring
(see Wise (1958) for another interpret.ation of
this movement).

(c) Part of the cod living on Nantucket. Shoals
emigrate eastward to the Chatham-South Channel
region during certain summers.

(d) The stock on Nantucket Shoals is recruited
from younger fish from other regions, most of
them from offshore grounds. When they reach
about 75 em. in length, they tend to move off the
shoals, perhaps to the offshore banks.

TAGS AND METHODS

Smith (1902) used numbered pieces of sheet
copper about three-fourths of an inch by one-fourth
of an inch, with a hole in one end through which a
fine copper wire was passed. These t!ags were
fastened at various places on the fish, but mostly
the upper part of the caudal fin, near the peduncle.
About 3.5 percent of the cod were recaptured.

Later, Bureau of Fishelies investigators used a
metal tag similar to a cattle ear tag, and ip the

192

beginning attached it exclusively to the upper
part of the caudal peduncle by means of special
clamping pliers. Various metals were used experi
mentally: silver, aluminum, copper, silver-plated
copper, but monel was finally chosen as best.
The vast majority of all cod marked between 1901
and the termination of the experiments in 1932
were marked with this tag and in this manner.

It was estimated early in the work, however,
that as high as 60 percent of these tags w«:lre shed
by the fish within the first year. Later th~

estimate was revised upward, based partially on
recaptures by research vessels. of fish which bore
unmistakable marks of having been tagged. Be
ginning in October 1927·, some fish of 75 cm. or less
were marked with the same tag damped on the
lower jaw between the dentary and articular
bones, in the hope that these tags would not be
so easily lost. Fish thus marked,. however,
yielded no higher percentage of 'return, and in
1928 this method was abandoned.

Some tags made of duralumin, a hard alloy of
aluminum, were used after 1929, since it was felt
that this metal had all the virtues of monel with
out its weight.-

In 1930, a pair of celluloid discs, resembling
the Scottish plaice mark, was used with consider
able promise. Half of the cod released at Woods
Hole in 1932 were marked with celluloid discs on
the tail and half on the operde; within 11 months
8.5 percent of the opercle-tagged cod had' been
recaptured vs. 5.3 percent of the caudally tagged.
In the same year, experiments were clUTied out
with celluloid strips· inserted into the coelom
during the Mount Desert experiments. These
showed some promise of being more permanent
than anything used previously, but the U.S. cod
investigations were not carried out long enough
thereafter to establish conclusive results.

All of the Canadian work from 1924 through
1939 was done with the monel tag described above.
In McCracken's (1956) tagging, he used this tag
and also used red and white Petersen discs (one
of each color) attached on stainless steel wire
through the back of the fish, yellow discs attached
similarly, and Lea hydrostatic tags on a stainless
wire loop through the back. The red and white
discs gave by far the best returns, more than 60
percent, the yellow discs over 50 percent. The
hydrostatic and strap tags were a poor third and
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fourth, with just above 30 p~rcent each, vs. an
overall average of more than 40 percent.

RECENT TAGGING EXPERIMENTS

the success of a particular operation i the fn.ctors
·affect.ing t.hese ·percent.ages have been t.aken up in
some detail elsewhere 1 and will be considered·
briefly here.

TABLE 2.-.Summary of cod tagging experiments, 1955-1959

While marking experiments from 1955 through
1959, like all such work, were somewhat. oppor
tunistic, depending on weather, availability of
fish for tagging, availabilit.y of research and com
mercial vessel t.ime, etc., in ret.rospeet the eoverage
of the New England area was reasonably good.
The experiment.s fall natW'ally into three geo
graphic groups, offshore banks, Gulf of Maine,
and off southern New England. Table 2 gives a
summary of t.~e time and plaee of eaeh of t;he
experiments in this series, together with t.he
number of fish tagged and the number and percent
age retW'ned. The percentages ret.W'ned should
be taken here as oilly the grossest indieation of

Number INumber I Percent
tagged returned returned

114 11 9.6
50 5 10.0

20 3 15.0
4 0 0

2 0 0

14.3

232 7 3.0

7 0 0
---------

THE TAGS

The Lea tag has been described by Rounsefell
and Everhart (1953). It consists basically of a
small plastic tube, stopped at each end. Inside
the tube, which is waterproof, directions for the
finder are printed on a roll of thin paper. ~l

though this t.ag is often fastened to the dorsal
musculature of the fish with a wire bridle, in this
work the tags were affixed to a monel chain which
was in turn fastened to a plastic tab inserted in
the coelom as described by Wise (1958).

Rounsefell "and Everhart also give a good de
scription of the Petersen t.ag and .its development.
The discs used in these experiments were of the
type they describe as developed by Nesbit, and
were bright yellow. The method of attachment
was one worked out by scientists of the St.
Andrews Biological Station of the Fishery Re
search Board of Canada, Le., on stainless-steel
wire through the dorsal musculature. A No. 12
hypodermic needle on a pin vise handle. was
passed through the muscles just in front of the
first dorsal fin and the first interspinous bone.
The stainless-steel wire bearing the numbered disc
was then pushed through the bore of the needle,
the needle withdrawn, another disc placed over
the free end of the wire, and the wire cut to
length and knotted to hold the two discs firmly
in place. This method differs from the one most
often used by the Canadians in that they place
the tag between the first and second dorsal fins,
with the wire passing between the interspinous
bones.

A very few cod in these experiments were
marked with plastic "spaghetti" tags through the

. dorsal musculature.

12.7

6.2

32.2
14.5

7.1
15.2
3.9

27

76

48
11

59

8
66

2

436

149
76

113
434
51

598

GULF OF MAINE

OFFSHORE BANKS

Browns Bank:Mar. 1957 _
Oct. 1957 _

TotaL _

Geor/les Bank:Dec. 1956 _
Mar.-Apr. 11157.• _
Oct. 1957 _

Cashes Ledge:June-J uly 1956 • _
Nov. 1957 _

Jeffreys Ledl(e:July 1956 " _

A1lt. 1959 -- ---------------- --Thatc ers Island: _
July 1956 _

Lurcher Shoal:Oct. 1957 _

Grand Manan Banks:Oct.-Nov. 1957 _

Fippennies Ledge:Nov. 1957 • __

TotaL _

TotaL • _

Place and time

Newport. R.I.: .Dec. 1955 _

Chatham. Mass.:
Feb.-Mar. 1957 • _

South Channel:Oct. 19.;7 • _

Highland Ground:Oct. 1957 • _
Nov. 1958 c. _

SOUTHERN NEW
ENGLAND

59 7 11.9

1,020 1253 24.8

177 13 7.3

237 27 11. 4
42 4 9.5

HANDLING METHODS

When tagging cod from a trap, the fish were
removed by hand or by dip net from the pocket
of the trap, as it was dl'ied up, to a small floating
live-car. These fish were taken one at a time

TotaL .__________ 1,535 304 19. H

===Grand totaL._________________________ 2.794 466 16.7

I Actually 248 fish (253 returns) as 4 were caught after tagging. releRSCd'
and caught again. of wbich 1 was caught. released. and caught again.

I Wise, J. P. Factors affecting number and quality of returns from tagging
cod with different tags and using different methods of capture in ICNAF
Divisions 4X and 5Y In 1957. International Commis.ion for the Northwest
Atlantic Fisheries, North Atlantic Fish Marking Symposium. (In press.)
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Fishery Research Board. of Canada working under
a reciprocal agreement have collected tags and the
Board has paid the reward. Since May 1958,
agents of the Fish and Wildlife Service have paid
an additional dollar when the fish was returned
with the tag. These arrangements have un
doubtedly fostered' getting a good percentage of
the tags recovered actually returned to the labora
t,ory, more than if the initiative for sending them
in were left entirely to the fishermen. In addition,
having the tags and often the fish received by
trained technicians has improved the accuracy of
the information received, particularly concerning
the length of the fish and its reaction to the tags.

These recovery methods, not available to
earlier investigators, doubtless account for some
of the improvement in returns over past
experiments; how much would be difficult to
estimate. On the other hand, previous workers,
particularly Schroeder" fished deliberately with
research vessels for tagged fish and caught some.
This was not done in the recent experiments.

RESULTS

The details of the recent experiments, with exact
locations and dates of tagging operations and
recaptures are available for examination at the
Bureau of Commercial Fisheries Biological Labora
tory, Woods Hole, Mass. Below is a sumlllary of
the results, grouped as the experiments are in
table 2. The figures'show the locations of recap
tures, plotted usually by 26-week (half-year)
periods, in rectangles of 30 minutes of latitude by
30 minutes of longitude. Experiments which
yielded no returns and tags returned with insuffi
cient information were not considered in this
summary.

Recaptures from Tagging on Offshore Banks

1. Georges Bank, December 1956 (fig.' 2).
Only eight of the cod tagged were recaptured, all
of them on Georges Bank and all witllin a yea-I'.
No seasonal pattern is discernible in the recaptures.

2. Georges Bank, March-April 1957 (fig. 3 (a),
(b), (c), (d)). Through the summer and early
autumn, 20 were recaptured on Georges, 16 on
Browns and along the Nova Scotia shore as far
east as Halifax County (fig. 3(a)). The position
given in the upper left corner of this alid subse
quent figures gives the location of a return outside
the area of the chart. During the winter, from
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FIGURE 2.-Returns from tagging cod on Georges Bank,
December 1956.

Recaptures from Taagine in the Gulf of Maine

1. Cashes Ledge, June-July 1956. Through the
next spring (1957) 11 were caught in the Gulf of
Maine and near t.he Massachusetts coast.

2. Cashes Ledge, November 1957. In June
(1958) a fish was returned from Georges Bank.
Later that year, single individuals were taken in
the Gulf of Maine and near Provincetown, and
during the following winter (1959), oIle fish was
returned from Georges.

3. Jeffreys Ledge, July 1956 and April 1959.
The only returns were from the 1956 tagging.
Two were taken near the tagging location, and the
next year (1957) one was caught off Rhode Island.

4. Lurcher Shoal, October 1957. One return,
near the tagging location.

5. Grand Manan Banks, October-November
1957. Six returns, through March 1960, scattered
from the tagging area to the Gulf of Maine and
Georges and Browns Banks.

Recaptures ·From TaAaing oft Southern New England

1. Newport, R.I., December 1955 (fig. 6).
Until February, 1957, 6 were taken off so~thern

New England and Long Island. The sumnier
following the tagging, a single fish was captured on
western Georges Bank.

2. Chatham, Mass., February and March 1957
(fig. 7 (a), (b), (c), (d». Within thefu:st6months
122 recaptures were made in or very near the area
(see footnote, table 2).. Sixteen were taken north
of the tagging area, in the Gulf of Maine, along
the Maine coast, and as far as the Nova Scotia
shore. Five were recaptured on eastern Georges
Bank, and one on western Georges (fig. 7(a».
By March (1958), 19 more were taken in or near'
the tagging area, 3 just north of it, 1 on Georges
Bank, 13 to the south and west as far as northern
New J'ersey (fig. 7(b»: From l;i'ebruary through
August (1958), 34 were taken in or near tagging
area, 19 to the north as far as the Nova Scotia
shore,4 as far south as northern New Jersey, and
and 1 on Georges Bank (fig. 7(c». In August
(1958) two were caught in the tagging area or just
north of it, and another in January (1959).
Later in 1959 another was taken in the Gulf of
Maine (fig. 7«('». The following sumrp.er (1960)
two curious reports were sent in: a tag found on the
beach in the Bay of Fundy and a similar retlITn
from Placentia Bay, Newfoundland.
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October until the next March (1958), 14 were
returned. from Georges Bank and 1 each from the
south and t.he northeast (fig. 3(b». The next
summer, three were returned from Browns Bank
and Nova Scotia (fig. 3(c». During the wint.er
and spring, three more were taken on Georges and
two on Browns. In May and June, two were.
caught. on the Nova Scotia shore (fig. 3(d».

3. Georges Bank, October 1957~ Only two fish
were recaptured, and -these were near where they
had been tagged.

4. Browns Bank, March 1957. Through the
summer and early autumn, 13 were captured on or
near Browns and the near Nova Scotia shore, 3
from Georges, 3 from northern Nova Scotia, and
1 from the north shore of t.he Gaspe Peninsula
(fig'. 4(a». During the winter and through the
next summer (1958), 19 were taken oil the Nova
Scotia banks -and in~hore, and 1. on Georges (fig.
4(b),4(c». Only a single fish was recapt.ured, on
or near Browns, until the next spring (1959) when
three were caugh t in the same region and one on
Georges. The following spring (1960), two were
caught in the Browns-Nova Scotia area (fig. 4(d».

5. Browns Bank, October 1957 (fig. 5). Unt.il
the next April (1958) three were taken- on Browns.
From May through August two more were taken
on Browns and three on Georges. During t.he
next. summer (1959), one was ret.urned from
Browns, and the following spring (1960) one each
on Browns and Georges.
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FIGURE 3.-Returns from tagging cod on Georges Bank, March-April 1957. (a) Within 26 weeks, (b) from 27 to 52

weeks, (c) from 53 to 78 weeks, (d) from 79 to 116 weeks.

3. South Channel, October 1957 (fig, 8 (a),
(b), (c», (Figure 8 also shows the returns frOIil
the Highland Ground experiment of 1957.) Five
fish were caught in or near the tagging area in
the first - year. During that same period, two
were taken off Rhode Island, three in the Gulf
of Maine, one just north of the tagging area, and
one on Georges Bank (fig, 8 (a), (b»). Two years
later, in July 1960, one was caught north of the
tugging area.

4. Highland Ground, October 1957 (fig. 8 (a),
(b), (c). By February (1958), 9 fish had been
recaptured in the genel:ul area of tugging and 1
to the south and west (fig. 8(a». By September,
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four were taken neal' the area and two to the
north of it (fig, 8(b», By July (1959), four more
were taken near the area, and one to the south
(fig, 8(c»,

5, Highland Ground, November 1958, Only
four fish were recaptured, three of them in or
near the area and one in the Gulf of Maine.

Factors Affectin~ these Results

During 1957, cod captured both by otter
tl'l1wling and long lining were marked with both
the Petersen disc through the dorsal muscles and
with the modified Lea tag. Except on Browns
Bank in March and at Chatham, Mass., alternate
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FIGURE 5.-Returns from tagging cod on Browns Bank,.
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tagging was carried out.. The objective of t.his
experiment was to evaluate the effectiveness or
one tag in comparison with the other, The
result,s have been reported elsewhere,2 but" it, is
worthwhile to summarize. the most import.ant.
of them here:

1. The advantage of the discs thus used over
the Lea tngs is approximat.ely 2: 1 in ret,urn
percentages, although there is tt suggestion in
comparison with other work thnt, t,he place of

, WISt', J, P. Facto,'s a'Tocting numb'r and quality olretul'l1s r"olll t,,~~ing

('001 with differcnt tags aJl(lusing diffcrcnt nwthods or captlll'c in IC NAF
Divisions4X an,i 5Y in 1957, Intl'rn:ltional Commission lor thc Northwest
Atlantic Fisheries, North Atlantic Fish Mal'king Symposium. lIn pr('ss.). ,

at,tachment mn.y be 1I10re important, than the
tag per se.

3, The use of either of these lilarking methods
on ott.er t,rnwl ci\,llght. cod less t.hnn 40 em. in
lellgt,h yields very low ret,urns.

:3, Long lining as a met.hod of l'apture 1'01'
murking experiments gives bet.ter results, purtic
uhtrly for Sl11 n.ller. fish,

4. All other things being equal, spring appeaJ'S
to be the best t.ime of year for mnrking l'od.

These considernt,ions should be borne in mind
ill cOllsidel'ing the results of these experiments.
However, since t,h.e only l'onclusions drawn here
ure relative to distribution of fish and t,heir lllove-
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ments, the effects are minor. It is only if these
data should be applied t.o est.imation of population

-parameters that these variables would become
important.

OTHER EVIDENCE OF DISCRETENESS OF
, GROUPS

THE COMMERCIAL LANDINGS

Although information about groups of fish
derived from commercial landings must be inter
preted with caution, because of the selectivity,
of vnrious fishing gears and t,he culling practices
of fishermen, properly chosen data treated appro-

priately Clln of-ten yield valuable information. For
several years we have been collecting information
on the length-frequency distl'ibution of the land
ings of cod caught by oUer trawl in New England.

- These, have rec,ently been published in sufficient
detail to show differences in the catches in broad
areas. The length-frequencies for 1957, 1958,
and 1959 (Wise ,and Mmray, 1959, 1960, 1961)'
show definite differences between 'the western
Gulf of Maine and the Georges Bank-southern
New England area. While the means and modes
of the length distributions are somewhat variable,
there is a definit:e tendency for a greater per
centage of the landings from the Gulf of Maine to
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be composed of larger fish (above 80 em.) than
those from the more southerly area. If there
is nny difference in the nets used, it is t.hat those
in t·he Gulf have on the average somewhat smaller
meshes. This could not produce the observed
effeet., as it has been shown experimentally that
ltu'ger trawl meshes tend to catch a greater number
of larger fish (Clark, Me-Cracken, and Templeman,
1958). This length-frequency distribution alone
is strong evidence against a free interchange of
fish of all sizes between the two areas.

Indeed, there is evidence of a one-\\'a.Y move
ment of some of the InrgeI: fish from ~outhern
New England into the Gulf, and this doubtless
contributes to the difference in size composition
observed. .

PARASITE STUDIES

Sherman nnd Wise (1961) studied the distribu
t.ion of the long-lived copepod pal·asit.e of cod,
Lerna.eocera. branchialis, in the New England area.
We found heavy infestations, on the ;rder of 20
percent, in the northern coastal region of the Gulf
of Maine and modern.t.e infestation about 10,
percent, in the eentral Gulf. We interpreted this
as meaning thnt mixing between groups of fish in
these areas occurs regularly. On Georges Banl~
a.nd in the South Channel the infestat.ion was
mueh lower, less than 2 percent. This was taken
t.o mean that there was lit.tle mixing bet.ween
these and the Gulf fish. A sainple of. migrating
eod tliken off Rhode Island when they were· on
t.heir way t.o t.he New Jersey coast in autumn had
no Lernaeocera, parasites.

MERISTIC STUDIES

Sehmidt (I930) published eounts of the number
of vert.ebrae and number of rays in the seeond dor
sal fin of cod from various Atlantie areas. He
fmind large, statistically significant, differences
betwee.n the ('.od of Nantueket Shoals, Mount
Desert Island, and Grand Manan Banks. 'iVhile
these eharacters are somewhat val'iable with time,
there were grenter differenees between the verte
bral counts of cod from' Nant.ucket Shoals and
IVIOlint Desert Island than t.here were between
those of :Mount. Desert Island in different. veal's.
Grand Manan Banks fish were shown as different
from eit.her in one year, but only different from'
Nantucket Shoals in another. '

200

CONCLUSIONS

The cod of the offshore coastal banks and of
southwestern Nova Scotia coastal waters are rela
tively independent. of a.ny other groups in the New
England area. There is, however, eonsidet'able

· movement within the group. Fish tagged on
Georges Bank are most. often caught on Georges
Bank, but frequentl;v tmn up on Browns Bank
and to the eastward in following summers. Fish
tagged on Browns Bank are c~aught mainly on
Browns Bank, but also to the, eastward in following

· summers (consideration must be given to the small
vessel fisheries of the Nova Scotia coast where'
fishing is prosecuted more heavily in summer than
at any other time of year). Some Browns Bank
fish eross over t.o Georges, but not. nearly as large
a percentage as cross the Fundian Channel in the
other direct.ion.. Although fI. few fish from Georges
and Browns are caught occasionally in the Bay of
Fundy, only a single individual tagged offshore
turned up near the shore of the New England
States.

The cod of the waters north of a line between
· Provineetown, Mass., tmd the Nort.hern Edge of
Georges, and west of Nova Scotia, that is the Gulf
of Maine proper, did not yield as high a percentage
.of returns as did the other groups in these experi
ments, and evep when time of tagging and gear:
differences are taken into 'eonsideration, this is in
itself a hint of their relative isolation. There is a
eonsidel'able movement of some of the larO'er fish.,
from .southern New England into the area, prob
ably 1ll summer, but most of the fish" t,agged in the
region and later ree-aught were eaught within it,
the majorjty of these not far from where they.had
been marked. A few leave t.he area, probably via
a northern route around the southwester[l part of
Nova Sc,otia, and join the fish on the offshore
banks. But the retmns from current experiments,
takeli t,oget.her with results of previous experi
ments and the high but variable infestation rates
wit,h the parasite Lernaeocera bra.ncMalifl, indicate
that there nre several more or less diserete groups
within the Gulf, intermingling with each other to
some extent, but far less with fish outside the
Gulf, particulltrly those of the offshore banks.

The eod of southern New Englnnd seem the
most mobile of all. A great many tagged in the
area are recaught. in the area, even after consider
able periods of time. Some individuals have
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been repeat.edly recaught near where they were
tagged. There is, 110wever. a definite tendency
for some to .wander to the south and westward
during the winter when hydrographic conditions
fl.re favor!1ble. They do not go as far. though. as
those fish which return to t.he New. Jersey coast to
spawp. and which nre the mninstu.y of t.he winter
fishery thei·e.

During the summer, the fish of slJuthern New
England are :wgmented by the New Jersey cod,

. while at. t.he same t.ill1e some of the larger ones'
work their way north along t.he Massachuset.ts and
Maine shores, and n, few even go as f:tr ItS Novn
Scotia. It seems doubtful, based on extensive
summer tagging experiment.s in the Gulf, in the
1920's, t.hat many of these fish return to sout.hern
New England, particularly those which penetrate
ns fnr as the coasts of MailW and Nova Scotia.

Thus, in the light of all evidence to date, there
are four major groups of cod in the New England
nren, all perhaps, and one certainly, divided into
subgroups:

1. The cod of the offshore banks, (Georges and
Browns) closely related to the fish of the sout,h
western NOVlt Scotilt coast. .

~. The cod of the Gulf of Maine, probably
divided into mlWY subgroups, and receiving con
sidemble recruitment from t.he south.

3. The cod of southern New Engl:tnd and t.he
South Channel.

4. The New Jersey coastal cod, which spend
part of the Y611r mingled t.o a greater or lesser
degree with t.he southern New England fish.

DISCUSSION

Consideration of the t.opography nnd hydrog
raphy of the region shows that the distribution of
the fish outlined above is consistent. with the
physical feat,ures of their environment.. A line
drawn along t,he 68th meridian separates the off-::
shore and southern Nova Scotia fish from t,he more
inshore groups; t.his is a line which rnns through
or close to t.he important physical barriers of the
deep mud bottoms of the central basin of the Gulf
of Maine, t.he ext.reme shoals of cent,ml Georges
Bank, and the relatively b:trren southern edge of
the bank. Only around the narrow northern shelf
of the Gulf does this line cross suit.nble bot.t.om for
cod, :md all evidence point.s t.o t.his being the most
likely pat.h for what litt.le int.erchange does take
place.

COD GROUPS IN NEW ENGLAND AREA

Wit.hin t.he Gulf the suitable areas are cut· up
and patchy, the isobaths meander, the bottom is
varied, and these factors doubtlessly foster the
subdivision of the Gulf fish int.o several groups.
As Ca,pe Cod is appronched from the north, the
shelf becomes constricted near Provincetown,
forming a bottleneck and limiting effective inter-'
communication of the Gulf fish with the sout.hern
New England group.

Sout.h and west. of Nant.ucket Shoals, hydrog
raphy plays t.he most. important part in the dis
tribution of the fish. In summer the area is un
inhabit.able by cod, and the New Jersey fish move
north to spend t.he summer with t.he sout.hern
New Engl:md fish. As fall approaches and water
tempemt.ures drop, the New Jersey fish migrat.e
back to t.heir spawning grounds, while some of the
southern New England fish spread out. over
suitable bottom along the Rhode Island and Long
Island shores.

There is evident in the tag returns from nearly
all areas, however, a general movement, of fish which
cannot be accounted for 'by anything ordinarily
thought of as' migrat.ion; a t.endency (or fish
which move any considerable distance froni where
they were t.agged to move to t.he nort.h and/or
ensL This has been noted previously, first by
Schroeder (1930), and lat.er in t.he Proceedings of
the North American Council (1935, p. 15), re
felTing t.o tagging experiments conducted on the
Maine coast, ". . . a noticeable scat,tering of fish
t.nkes place north-eastward to the Bay of Fundy
Nova Scot,in region.... " (See nlso quote froUl the
same publication above.) However, when the
data on tagging experiments in the nort.heastern
part of the New Englnnd area and t.hose froUl t.he
Cana,dian coast out,side of the area are considered,
there appeal's to be no movement of "Canndian"
Cood of comparable mngnitude in 'the opposite di
rection. McKenzie (1956) reports many hundreds
of returns from about 20,000 cod tngged along the
Canadian Atlant.ic coast, but only a dozen of these
came frem New Englandwat.ers. McCracken's
(956) report of t.agging near Lockeport mentions
t.he recapt.ure of more than 700 fish, but only 7 ofthese
came from Georges Bank and vicinity. Cont.rast

. these resultfl with those reported above from New
England waters where from severltl experiments a
good ilUmber of cod were recaptured along t.he
Novn Scotia coast. An attempt has been made
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Of course, this effect could be produced by a
fishing intensity increasing from the southwest.ern
part of the. New England and Nova Scotia area to
the northeast.ern. This is not the case, however,
for when the number of days fished per year by all
gears except scallop dredges and harpoons (Int.er
national Commission for the Northwest Atlant.ic
Fisheries 1959) is considered, it is seen t,o decrea-se
proceeding north and el\st, roughly:

Whether any or all of the groups defined above
are genetically self-sustaining subpopulations, or
stocks which display nonheritable differences in
due-ed by environment is open to question. The

lnovement of the pelagic eggs and larvae of cod,
infelTed from the .nontidal drift of the surface
waters, would generally be to t.he south and west
through the area, promoting mixing in this diree-
tion, while the movement of larger fish to the
north and east would tend to counterae-t this to
some degree. Of course the size of the fish which
appear to emigrate (Wise, 1959) is such that it
appears likely that they would have spawned one
or more times before they move.. Thus, as an
hypothesis, it is suggested that the first three
groups, those of New England proper, a-re stocks,
not genetically separate, while the New Jersey
fish are a' genetic subpopulation because of the
geographic a-nd hydrographic isolation of their
spawning grounds. More detailed studies of
morphometric and meristic characters of these
four groups should shed considerable light on the
question.
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