














MIGRATIONS AND HABITS OF THE ATLANTIC MACKEREL

of the two stocks sufficiently representative to
warrant the drawing of conclusions from the pro-
portionate heights of the several modes? While I
have considerable confidence that the sampling of
the catch was not seriously biased in favor of one
group of sizes as opposed to another, a similar
confidence cannot be placed in the nonselective
nature of the fishermen’s catch from the existing
stock. Indeed, there is abundant indication,
especially marked in some seasons, that the several
size groups are selectively “available” to the fishery.
One particularly marked phase of this will be dis-
cussed in a later section.

It is possible that some light may be thrown on
this and the two preceding questions by further
analyses involving abundance indices. Preliminary
work of this nature has suggested that some year
classes, as sampled by the commercial fishery, have
disappeared from the stock drawn upon by the
United States fleet at a moderate rate of about 20
percent per annum and others at a much higher rate
in the neighborhood of 80 percent per annum during
successive years in the fishery (Sette 1933, 1934).
The ones disappearing at a slow rate were termed
“persistent” year classes; the ones disappearing at a
high rate ‘“transitory” year classes. The rate of
disappearance may be due either to mortality or to
departure of members of the year class from the
stock fished by the United States fleet, or a com-
bination of the two. Since the southern contingent
is the principal stock fished by the United States
flect, the departure of members from year classes in
this contingent to join the northern contingent
would produce the effect noted for the transitory
year classes. Those year classes not departing
from the southern contingent would diminish only
from mortality and so would have some lesser rate
of disappearance. Among the year classes clas-
sified as persistent or transitory (classes 1923 to 1929,
iinclusive), and also abundant enough to create
prominent modes (classes 1923 and 1928), the 1923
-class formed mode B which was consistently present
in the southern contingent and consistently absent
in the northern contingent, and the 1928 class formed
mode C which was relatively more prominent in the
southern contingent early in mature life and later
became relatively more prominent in the northern
contingent. Thus, provisionally at least, the weight
of evidence, if not definitely in favor of the shift
of individuals from one contingent to the other, at
least is sufficiently suggestive of this to prevent
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adoption of the view that the two contingents
maintain their integrity throughout life and from
one generation to another, as would be necessary
for postulation of genetically separate stocks.

An even simpler view as to the phenomenon
underlying the existence of the two contingents, is
that mackerel have a southerly distribution when
young and comprise the southern contingent and
that the mackerel extend their migration farther
north as they enter the later years of life and com-
prise the northern contingent. This would be
consistent with the evidence afforded by the 1928
class of mode C but would be utterly contrary to
the behavior of the 1923 class of mode B which con-
tinued prominent in the southern contingent for
more than 9 years and never was represented
strongly enough in the northern contingent to be
detectable.

Thus it does not seem possible, at present, to
define the biological nature of the contingents more
explicitly than to say that they are aggregates of
mackerel migrating as units that are recognizable
by the configurations of their length-frequency
curves, and the configurations are sufficiently stable
from spring to fall and from one season to another
to suggest that the majority of the individuals
retain their memberships in the same contingent
through a number of years though not necessarily
throughout life, nor from one generation to another.

In conclusion, it appears that the adult stock of
mackerel contains two populations which migrate
along the coast in the springtime, each composed of
a different complex of year classes which causes the
distinctive size composition by which they are
recognized. 'The one most southerly in the place of
its first appearance (off the Virginia Capes) and
its final destination (the Gulf of Maine) is termed
the southern contingent, while the one more north-
erly in the place of its first appearance (off southern
New England) and in its final destination (Nova
Scotia and the Gulf of St. Lawrence) is termed the
northern contingent. During a portion of the
migration (past southern New England) these con-
tingents are mixed in demonstrable proportions.
The southern contingent spends the summer and
early fall in waters off New England and disappears
in late fall. At about this time the northern con-
tingent populates these waters, presumably on its
way from Canadian waters to its winter quarters.
Various aspects of the migrations of each contingent
remain to be considered in detail. As yet, there is
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no positive evidence as to whether the two con-
tingents inhabit the same waters in the wintertime
and are then mixed, separating when their respective
spring migrations are performed, or whether the
southern contingent winters mainly in the southerly
portion of the warm zone at the edge of the con-
tinental shelf, say abreast of Long Island and
southward, and the northern contingent winters
along the edge from abreast of Long Island and
eastward. The respective localities of their first
appearance render the latter supposition the more
likely.

SPRING MIGRATION OF THE SOUTHERN
CONTINGENT

FirsT ArPEARANCE

The opening of the mackerel season has from early
times held such interest that records of first catches
were often published. Many of these were assem-
bled by Sette and Needler (1934: 38-39), four by
Goode, Collins, Earle, and Clark (1884: 9) and 10
more during the present investigations. From the
date of earliest catch in each of the 56 seasons for
which this datum is available (fig. 13) it may be
calculated statistically that the average date for
the opening of the season is April 11, that usually
(two out of three times) it opens between April 3
and 19. Since mackerel often may be present some
days before the first catch, the date of appearance
of the mackerel (as distinguished from the date of
catching) must be somewhat earlier and probably
is somewhat less variable.

From the 29 available records on the locations of
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Ficure 13.—Date of first catch of the season in various years
during the period 1878 to 1935. The histogram represents
the number of times the first catch fell in each 5-day period,
and the smooth curve describes the corresponding normal
probability.
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Ficure 14.—Position of first catches in each of 29 seasons.
Triangles represent seasons 1878 to 1881; open circles, various
seasons, 1887 to 1925; solid-black circles, seasons 1926 to 1935.
The isotherms relate to the period April 3 to 11, 1930, and
illustrate the distribution of surface temperatures at this
season.

first catches listed in table 13 and plotted in figure
14, it is obvious that the first mackerel of the season
are most frequently taken along the outer third of
the continental shelf between the thirty-seventh and
thirty-eighth parallels of latitude, though they
occasionally are found as far south as latitude 35°20’
(near Cape Hatteras) or as far north as latitude
39°0" (80 miles off Atlantic City) a spread of 200
miles parallel and 60 miles vertical to the coast line.
When taken north of latitude 37° (mouth of Chesa-
peake Bay), they are inclined to be at the outer
edge of the shelf, and when south of latitude 37°
they may be either inshore or offshore.!®

18 Although 3 of the 29 positions are well outside the continental shelf area, we
are not inclined to place much emphasis on these offshore records because mack-
erel fishermen for the most part determine their position by “dead-reckoning”
and on the long course runs in this southern fishery, a slight lack of precision
in designating a bearing or estimating the speed of sailing might easily put the
supposed position a2 number of miles from its true one; and as none of these
catch records were particularly noted as being beyond soundings it may be
doubted that they were as far offshore as indicated.
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Tasre 13.—Date and locality of “first catch of the season™ of

mackersl 1

Year Date Locality
1878 | Apr. 16 | Lat. 36°10’ N,, long. 74°45' W.
1879 | Apr. 12 | Lat. 36°35' N., long. 74°50° W.
1880 | Apr. 1| Lat 35930/ N, long. 74°15" W,
1881 | Mar. 20 | Lat 37°10° N, long. 74°05° W.
1887 | Apr. 21 | Lat. 37°20* N., long, 70°30" W.
1895 | Apr. 17 | Lat. 36°20" N., long. 74°50° W.
1902 | Apr. 9 | 100 miles south of Barnegat Light.
}% AApr. Ig ’,{’% mi%cs southe;ag. of %Iamegat Light.

T, miles east of Cape Henry.
1905 Apr. 10 | 40 miles off Cape Henry.
1911 Nﬁay 1 | 70 miles southeast of Cape Henlopen.
1914 | Apr. 22 | 50 miles east by north of Cape Charles.
1915 | Apr. 9 | 100 miles east by south of Cape Henlopen,
1916 | Apr. 5 | 80 miles east by south of Cape Henlopen.
{g? ﬁpr. 1; iS mgl;gs%)}lﬁlc?atsgffwg‘nterquartcr Light.

. t. L1 atnoms.
123 | Apr. 9| Tat, 37930° N. in 30 to 40 fathoms.
| | S i

. t. 5 N., long. A
1927 Ag: 18 75 miles south 14 east of Cape May.
1928 | Apr. 9| 25 miles southeast of Winterquarter Lightship.

Apr. 8 | 75 miles south by east of Cape May. 3

1930 | Apr. 5 | 80 miles south of Five Fathom Bank Lightship.
1931 | Apr 43 miles south of Fenwick Lightship.
1932 | Apr. 15 | 49 miles south of Fenwick Lightship.
}ggz ﬁpr %2 gg mi%es sautg—e?uéhcasidc:f Cape May.
I pr. miles south of Cape May.
1935 | Apr. 60 miles southeast of Cape May.

t Records of 1878 to 1881 from Goode, Collins, Farle, and Clark 1883, p. %;
records of 1887 to 1925 from Sette and ﬁeedler, pp. 38-39; records of 1926 1o
1935 from present investigations,

VERNAL ADVANCE

After mackerel of the southern contingent first
appear in coastal waters they are caught progres-
sively farther north as indicated by figure 7. As
earlier mentioned, this has been considered by some
as a migration en masse of the whole population, by
others as separate bodies of mackerel successively
approaching coastal waters from directly offshore.
My own observations lead to the belief that it is a
mass migration but that the main body, as it moves
northeasterly parallel to the coast is joined by lesser
bodies of fish from farther offshore.

That it is 2 mass migration is supported by the
almost complete disappearance of the mackerel from
the region south of Long Island after the brief but
productive fishing period in April and May, and by
the relatively constant size composition of the popu-

lation each spring as the fishery advances from the

offing of Virginia to southern New England.

- That additional schools join the main body as it
advances along the coast is indicated (1) by occa-
sional slight changes in size composition of the popu-
lation, and (2) by the more frequent instances in
which bodies of mackerel of slightly different size
tomposition are taken well in advance of the main
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fishing area, as if the new school had come inshore
at a point ahead of the main body."®

The passage up the coast is fairly rapid, the center
of fishing shifting from the Virginia coast to the
Massachusetts coast, a distance of 300 miles, in
about 6 weeks. Reaching the neighborhood of
southern New England in the midle of May, the
southern contingent tarries for nearly 6 weeks; and
it is not until nearly the first of July that it usually
deserts this ground. In doing so the main body
appears to go by way of the southern edge of Nan-
tucket Shoals and through South Channel, judging
from the daily shift of the fleets’ catches. This does
not preclude the possibility of considerable numbers
going through Vineyard and Nantucket Sounds or
passing right over the Shoals. That some take the
route through the Sounds is indicated by catches in
pound nets along their shores; that the main body
does not do so is evident from the small quantities
so caught.

Having passed Nantucket Shoals and arrived in
the Gulf of Maine, the scuthern contingent has
reached the grounds of its summer sojourn.

SPRING MIGRATION OF THE NORTHERN
CONTINGENT

FirsT APPEARANCE

As previously noted, the mackerel that cause the
abrupt alteration in the size composition of the popu-
lation in southern New England each May are
members of the northern contingent; and the altera-
tion is evidence of their first appearance each spring.
In Nova Scotia their first appearance is evident
simply from the date of the first catch of mackerel.
These dates appear in table 14. They refer mostly
to the vicinity of Yarmouth. For the 6 years
included in the table, the first appearance has been
between May 12 and 28 in southern New England

1 A further argument, based on spawning maturity, is that a *run” of mackerel
reaching a given locality often consists of individuals about ready to spawn.
Hence the new runs come from offshore rather than from along shore over grounds
where mackerel had already spawned. 'This argument probably is baseless.
Moore (1899: 5) found several size classes of eggs in the ovaries of spring-caught
mackerel. The existence of such size groups in mackerel ovaries was verified
by F. E. Firth (unpublished notes) in the present study. Although Moore’s
interpretation was that each size group was a season’s batch of eggs, it now
seems more likely that the groups are due to be spawned at intervals during the
season, as was found for the pilchard, Sardinops caerulea, (Clark 1934), for the
jack smelt Atherinopsis californiensis, (Clark 1929), and for the grunion, Leuresthes
tenuis, {Clark 1925). If this holds true also for the mackerel, appearance of
near-ripe individuals in the catch is neither proof that they did not spawn
previously nor indication that they came directly from offshore.



290

and between May 21 and June 4 in Nova Scotia.
But the dates of appearance in southern New
England of necessity refer not to the very first
arrivals of members of the northern contingent, for
a few such mackerel would not be detected among
the larger numbers of individuals of the southern
contingent already there. They refer rather to the
arrival in southern New England waters of large
numbers of the northern contingent, and for com-
parability the earliest date of catching large quan-
tities in Nova Scotia must be used. These dates
lie between May 24 and June 7 and the lag behind
the southern New England appearance is from 0 to
22 days, averaging 12 days over the period in ques-
tion.

TasLe 14.—Dates of arrival and departure of the “northern con-
tingent”’ off southern New England,! and dates of arrival off Nova
Scotia ?

Off southern Off Nova Number of
New England Scotia days
between
arrival off
Southern
Year Firﬁt Engla;vg and
. Depar- First catches | g ¢ catches
Arrival ture catch of la;gc of large
quta_ = | quantities
1e8 off Nova
Scotia
May 28 | June 15 | May 25 | May 28 0
May 16 une 9 [-._do....| June § 20
-..do___.| June 6 i/llme 4 | June 7 22
May 24 | June 7 ay 28 une 3 11
May 12 | June 2 | May 24 ay 24 12
May 17 | June 6 | May 21 | May 26 9

1 As indicated by alteration of the size composition in purse seine catches.
3 As reported by the Gloucester, Mass., Times and the Boston Fish Bureau.

The locality where the northern contingent appears
has varied from year to year. During the period in
question in southern New England, it has usually
been along a rather broad front from as far west as
the offing of the eastern end of Long Island (long.
72° W.) to as far east as the vicinity of the Nan-
tucket Shoals Lightship (long. 69°40” W.), a range
alongshore of over 100 miles. Sometimes the first
catches of mackerel have been made far inshore.
In 1927, for instance, they were first taken close to
Block Island. Whether or not this indicates the
mackerel of this contingent usually keep to deep
levels until close in to land before rising to the
surface is not evident from our available information,
because fishermen, as a rule, have not explored the
offshore waters in this sector, their attention usually
being occupied by the southern contingent up to
the time the northern contingent appears.

The locality where the northern contingent first
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appears in Canadian waters in recent years has
usually been at the southwesterly end of Nova
Scotia.®® During the 7 years 1926 to 1932, United
States purse-seiners fishing off Nova Scotia have
located their first mackerel at various points along
the coast from off Yarmouth to Scatari Island, but
on no occasion were these catches made on dates
earlier than mackerel reported (by the press or by
trade bulletins) at Yarmouth. Until additional
data are available on this subject it would seem that
mackerel strike in along a considerable extent of the
Nova Scotia coast almost simultaneously but with
a general tendency to arrive earliest at the south-
westerly end.

VERNAL ADVANCE

Since the northern contingent appears in two
widely separated regions, southern New England
and Nova Scotia, the advance from each place will
be considered in turn.

Off southern New England the northern con-
tingent, having appeared along the coast from Long
Island to Nantucket Shoals, rapidly moves east-
ward, usually reaching the southern border of
Nantucket Shoals in about 2 weeks. From here
the major portion goes to the coast of Nova Scotia
and a minor portion enters the Gulf of Maine. The
course taken is somewhat in doubt, but it is prob-
able that the mass movement is directly across the
outer portion of the Gulf of Maine (Georges Bank),
with a small fraction rounding Cape Cod into Massa-
chusetts Bay, and still others circling back from the
southwestern tip of Nova Scotia, thence, along the
coast of Maine and even down to Massachusetts
Bay. Pound nets, traps, and weirs, located along
the shores of that Bay, according to daily catch
records during four recent years, usually take their
first mackerel earliest at Gloucester, next at Province-
town, and last at Sandwich and Barnstable, strongly
suggesting a north to south movement such as would
result from the fish circling back. On the other
hand, the usual absence of catches along the coast
of Maine this early in the season casts doubt upon it.

Whatever course may be taken by those of the
northern contingent that enter the inner parts of
the Gulf of Maine, it is evident from the small catches
here,?* that only a small fraction of the northern

% Huntsman (1922), on the contrary, reported earlier appearance at Cape
Breton (May 5) than at Yarmouth (May 16) in 1894.
21 Later, when the southern contingent enters the Bay, the catches become

large. That these larger catches are of the southern rather than the northern
contingent is obvious from the sizes of the individuals caught.
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contingent is involved and that the major portion
goes to the coast of Nova Scotia where it supports
an important Canadian shore fishery and where, in
many seasons, American purse seiners make large
catches offshore.

Information on the advance of the major portion
of the northern contingent along the Canadian coast
is somewhat meager. During the 10 years of this
investigation, only in 1926 did the purse-seine fleet
fish along the Nova Scotian coast over a long enough
period to cast some light on this question. From
table 15 it is evident that the fishery took place off
the central portion in the first few days of June, off
the eastern portion between the 5th and 10th and in
the Canso region between the 11th and 15th of June.
Although the fishery progressed along the coast, it
cannot be assumed that the fish did.

TaBLE 15.—Progress of mackerel along the Nova Scotian coast in
1926 as indicated by the number of catches made by United States
mackerel purse-seiners in each area each day

Area Areca Area
XXII 0 XXITM XXII K Area
Date (southern {central (eastern XXI1I D
Nova Nova Nova (Canso)
Scotia) Scotia) Scotia)

Samples of the catches taken during this period
(table 16 and fig. 15) indicate considerable differences
in size composition of the schools. Throughout the
period there are two modes located at about 40 and
46 centimeters, respectively, but the relative num-
bers of fish in those modes shift from nearly equal
representation in the early days to a marked pre-
ponderance in the 40-centimeter mode in the late
days of the period. Moreover there are changes
within these modes, the modal length in the 40-
centimeter group shifting downward and in the
46-centimeter group shifting upward.

This, I believe, indicates (1) that in 1926 there
was a mass movement of mackerel northeasterly
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TaBLE 16.—Sizes of mackerel taken by purse seines along the Nova
Scotian coast in the spring of 1926

[Periods May 30 to June 2, June 4, to 9, and June 10 to 15 are represented by
samples of 6, 13, and 29 catches, respectively]

Length in May 30-June 2 June 49 June 10-15
Number | Percent | Number | Percent Numbelr Perc:onll
________________ 1 .1
1 0.2 4 .4
2 .4 4 .4
5 .9 1R 2.0
12 2.2 38 4.2
24 4.4 73 8.1
52 9.6 136 15.1
71 13.1 164 18.2
81 15.0 154 17.1
89 16.5 115 12.8
38 7.0 51 5.7
25 4.6 33 3.7
17 3.1 12 1.3
11 2.0 6 .7
8 1.5 1 .1
5 .9 5 .6
7 1.3 8 .9
14 2.6 6 .7
16 3.0 4 .4
14 2.6 18 2.0
14 2.6 13 1.4
12 2.2 10 1.1
6 1.1 9 1.0
5 .9 2 .2
3 .6 4 .4
3 .6 2 .2
2 .4 4 .4
1 .2 1 .1
1 .2 1 .1
................ 1 .1
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Ficure 15.—Changes in mackere! population along the coast of
Nova Scotia in the spring of 1926, as indicated by length-
frequency distributions.

alongshore causing the fishery to shift in that
direction, and (2) that schools from offshore (or
from places not previously fished by the fleet from
which our samples were taken) joined those already
alongshore in sufficient numbers to change the size
composition of the alongshore population. Inas-
much as the change in size composition took place
in central Nova Scotia as well as eastern Nova Scotia
and in the Canso region, the new schools joining
those already there must have done so along a
broad front extending from Halifax to Cape Canso.



