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Description.—The hickory shad differs rather
noticeably from the sea herring in that the point
of origin of its dorsal fin is considerably in front of
the mid-length of its trunk; in its deep belly (a
hickory shad 13% in. long is about 4 in. deep but &
herring of that length is only 3 in. deep); in the fact
that its outline tapers toward both snout and tail
in side view (fig. 15); and in that its lower jaw
projects farther beyond the upper when its mouth
is closed; also, by the saw-toothed edge of its belly.

Also, it lacks the clustér of teeth on the roof of the -

mouth that is characteristic of the herring. One
is more likely to confuse a hickory shad with a shad
or with the alewives, which it resembles in the
position of its dorsal fin, in the great depth of its
body, in its saw-toothed belly and in the lack of
teeth on the roof of the mouth. But it is marked
off from all of these by its projecting lower jaw.
There is also & small difference in outline, its head
tapering more to the snout, as seen in side view
(fig. 45). It has only about half as many gill rakers
(19 to 21 on the lower limb of the first gill arch)
as either the alewife or the blueback; and its upper
jaw, reaching back only about as far as opposite
the center of its eye, is shorter than that of the
shad in which it reaches as far as the rear edge of
the eye.

Under favorable circumstances its color, also,
is characteristic, for it is faintly marked on the
sides with dusky longitudinal strlpes, and the tip
of its snout is dusky.

Size.—This is the largest of our anadromous
herrings next to the shad, growing to a length of
2 feet. A fish about 15 inches long weighs &
pound, one of 18 inches, 2 pounds.

Habits—N othmg is known of the habits of the
hickory shad in the sea to differentiate it from its
close relatives of the herring tribe except that it is
more of a fish éater. Launce, anchovies, cunners,
herring, scup, silversides, and other small fish,
8quid, fish eggs, and even small crabs have been
fOund in the stomachs of hickory shad at Woods
Hole, as well as sundry pelagic Crustacea. It
will strike a small spinner or other artifical lure,
and it gives & good fight when hooked. In the
Southern parts of its range it is described as running
Up fresh streams, with the alewives in late winter
and early spring to spawn.’® But it appears not
to do o0 in the streams tributary to Chesapeake

e —————
% Smith (N. C. Geol. Econ. Surv; vol. 2, 1897, p. 121) describes it as doing
80 In tho streams tributary to Pamlico Sound, N. C., where it is plentiful.

Bay, though it is found in practically all of them.
This opens the interesting possibility that the
“green’ fish found in Chesapeake Bay, leave the
Bay, perhaps to spawn in salt water.%

General range.~Atlantic coast of North America
from the Bay of Fundy to Florida.

Occurrence in the Gulf of Maine.—The hickory
shad is a southern fish, with the Gulf of Maine as
the extreme northern limit to its range. It is
recorded in scientific literature only at North
Truro; at Provincetown; at Brewster; in Boston
Harbor; off Portland; in Casco Bay; and from the
mouth of the Bay of Fundy (Huntsman doubts
this record), and it usually is so uncommon within
our limits that we have seen none in the Gulf
ourselves. But in 1932 anglers, trolling for striped
bass and mackerel off the Merrimac River, met a
run of hickory shad.®

It is much more plentiful west of Cape Cod,
being common from spring throughout summer and
early autumn at Woods Hole, where as many as
3,500 have been taken at a single lift of one trap.
In 1919 the Massachusetts catch of hickory shad,
practically all from the south coast, amounted to
12,800 pounds, and none are listed for Massa~
chusetts for any subsequent year.

Alewife Pomolobus pseudoharengus (Wilson) 1811
lapproximate date]

GAsSPEREAU; SAWBELLY; KYAK; BRANCH HERRING;
FRESH-WATER HERRING; GRAYBACK

Jordan and Evermann, 1896-1900, p. 426.

Description.—The alewife is distinguishable at
a glance from the sea herring by the greater depth
of its body, which is three and one-third times as
long as deep (an alewife of 13}% inches is about
4 inches deep; a herring that long has a depth of
only 3 inches) also by the position of its dorsal
fin, the point of origin of which is considerably
nearer to the tip of the snout than to the point of
origin of the central rays of the tail in. Further-
more, the alewife is much more heavily built
forward than the herring, and the serrations on
the midline of its belly are much stronger and
sharper (hence the local name ‘‘sawbelly”), so
much so that a practiced hand can separate

6 Hildobrand and Schroeder, Bull,, U. 8. Bar. Fish., vol. 43, 1628, p. 84.

 The Museum of Comparative Zoology recelved one from this run from
Dr. J. C. Phillips, caught by him off the northern end of Plum Island, October
2, 1932,
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Fiourre 46,—Alewife (Pomolobus pseudoharengus), Chesapeake Bay region specimen.

Drawing by H. L.

From Goode.

Todd.

herring from alewives in the dark. The most
useful distinctions between the alewife and the
blueback are that in the former the eye is broader
than the distance from its forward edge to the tip
of its snout and the back grayish green, while in
the latter the eye is only about as wide as the
distance from front of eye to tip of snout, and the
back is dark blue (p. 107). Also the lining of the
abdominal cavity is pale grayish or pinkish white
in the alewife, but is usually dusky or blackish in
the blueback. But this distinction may not hold
in all cases.

Alewives are distinguishable from young shad
by their smaller mouths with shorter upper jaws;
also by the fact that the lower jaw of the alewife
projects slightly beyond the upper when the
mouth is closed, and by the outline of the edge of
the lower jaw, the forward part of which is deeply
concave in the alewife but nearly straight in the
shad. The lack of teeth on the roof of the mouth
distinguishes the alewife, with its brethren the
hickory shad (p. 100) and blueback (p. 106) from
the sea herring, anatomically.

Color—The alewife, like the herring, is grayish
green above, darkest on the back, paler and
silvery on sides and belly. Usually there is a
dusky spot on either side just behind the margin
of the gill cover (lacking in the herring) and the
upper side may be faintly striped with dark longi-
tudinal lines in large fish. The sides are iridescent
in life, with shades of green and violet. The colors
change, to some extent, in shade from darker to
paler, or vice versa, to match the bottom below,
as the fish run up stream in shallow water.

Size.—The alewife grows to a length of about 15
inches, but adults average only about 10 to 11
inches long and about 8 to 9 ounces in weight;
16,400,000 fish taken in New England in 1898
weighed about 8,800,000 pounds.

Habits—The alewife, like the shad and the
salmon makes its growth in the sea, but enters
fresh water streams to spawn. This “anadro-
mous” habit, as it is called, forced itself on the
attention of the early settlers on our coasts. In
the words of an eyewitness, ‘“‘experience hath
taught them at New Plymouth that in April there
is a fish much like a herring that comes up into
the small brooks to spawn, and when the water
is not knee deep they will presse up through your
hands, yea, thow you beat at them with cudgels,
and in such abundance as is incredible.” ¥ And
they are no less persevering in their struggles
upstream today. Numbers of them are to be
seen in many streams, any spring, alternately
swimming ahead; resting in the eddy behind some
irregularity of the bottom; then moving ahead
again, between one’s feet if one happens to be
standing in midstream. And they are much more
successful than the shad in surmounting fishways
of suitable design. During the early runs some-
times one sex predominates, sometimes the other,
but the late runs consist chiefly of males, as &
rule, and these are said to outnumber the females
greatly on the spawning grounds. We have no
firsthand observations to contribute on this score.

Alewives are decidedly general in their choice

# Capt. Charles Whitborne, in *“T'he True Travels of Capt. John gmith,”
1616, vol. 2, p. 250.
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. of streams, running indifferently up rivers as large
as the St. John, Merrimac and Potomac, or
streams so small that one can almost leap across,
and only a few inches deep. In large rivers they
run far upstream—how far they may do so we
do not know—or their journey may be one of
only a few yards, as it is in the artificial cuts that
are kept open through barrier beaches to allow
the fish access to fresh water ponds behind the
latter. ‘

The alewife spawns in ponds, including those

back of barrier beaches (if there are openings to
the sea, natural or artificial) and in sluggish
stretches of streams, never in swift water, each
female depositing from 60,000 to 100,000 eggs or
more, according to her size.®® Spawning lasts
only a few days for each group of fish.

The spent fish run down stream again so soon
after spawning that many of them pass others
coming up, as we have often seen; fish on their
return journey to salt water are familiar sights in
every alewife stream.

The adults, when entering streams to spawn,
make the change from salt water to fresh within
a short time without damage; this is equally true
of the spent fish on their return to the estuaries.
But Dr. Huntsman informs us that they appear
unable to endure repeated changes between salt
water and fresh, and that great numbers are
killed in this way in the estuaries under certain
conditions of tide. The strain of spawning leaves
them very thin, but they recover rapidly after
they reach salt water. We have seen spent
alewives that had already put on considerable
fat, taken from a trap at Provincetown as early
in the season as July 16 (in 1915).

Spawning ordinarily takes place at tempera-
tures of about 55 to 60°. The eggs are about
0.05 inches in diameter, pink like those of the sea
herring, and they stick to brush, stones, or any-
thing else they may settle upon.®® Incubation
occupies about 6 days at 60°. The young
alewives, which are about 5 mm. long when
hatched, growing to 15 mm. when a month old,
soon begin to work their way downstream. They
have been seen descending as early as June 15 in
the more southerly of Gulf of Maine streams;

e rrare—————

® The average number of eggs in 644 females taken in the Potomac was
102,800 (Smith, N. C. Geol. and Econ. Survey, vol. 2, 1907. p. 123).

% The dovelopment of the eggs, larval stages, and young fry are described
by Ryder (Report, U. 8. Comm. of Fish, (1885), 1887, p. 506) and by
Prince Contr. Canad. Biol. (1902-1905), 1007, p. 95).

successive companies of fry move out of the pond
and down with the current throughout the
summer; and by autumn the young alewives have
all found their way down to salt water when 2 to
4 inches long. We have seined young alewives
as long as 4 to 4% inches (102-115 mm.) in salt
water near Seguin Island, Maine, at the end of
July, but others, only 3 to 3% inches long (78-92
mm.), near Mt. Desert Island as late as the first
of October. Thenceforth the alewife lives in
salt water until sexual maturity.

Hildebrand and Schroeder™ found that little
alewives in Chesapeake Bay had grown to about
4Y% to 5 inches long by the time they were 1 year
old.

The rate of growth of the older alewives, in salt
water, has not been traced. But experiments in
planting adult alewives in ponds in which there
were none before, led, long ago, to the conclusion
that they became sexually mature at 3 or 4 years
of age, for none of their progeny returned until
3 or 4 years after the original plant. Specific
instances, cited by Belding ™ are:

(1) Three years after a large number of alewives
were hatched in Keene’s Pond, Maine, tributary
to the Calais River, from a “plant’’ of mature fish,
a run of adult fish entered Keene’s Pond stream
where none had ever been seen before; this case was
reported by the U. S. Bureau of Fisheries. (2)
The establishment of a fishery, in the same way at
Plymouth, Mass., in 4 years after restocking in
1865; and (3) G. M. Besse obtained results in
3 years in ponds in Wareham, Mass.

The fact that alewives have been known to
return, for spawning, to streams in which their
parents had been planted, lends support to the
“parent stream’’ theory; i. e., that alewives, like
shad, tend to spawn in the stream system in
which they were hatched. But a much more
intensive study is needed of this interesting
question before any categorical statement can be
made, as to how generally this is true; and to
what extent their return depends on their never
having wandered far afield.

Food.—The alewife is chiefly a plankton feeder
like the herring; copepods, amphipods, shrimps,
and appendicularians were the chief diet of speci-
mens examined by Vinal Edwards and by Linton

%0 Bull. U, 8. Bur. Figh., vol, 43, 1028, p. 01;
" Rept. Alewife Fish. Mass,, Mass, Dept. Conservation, Div. Fish, and
Game, 1921, p. 18,
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at Woods Hole. However, they also take small
fish, such as herring, eels, launce, cunners, and
their own species, as well as fish eggs. Unlike
herring, alewives often contain diatoms even when
adult. Alewives fast when they are running up-
stream to spawn, but when the spent fish reach
brackish water on their return they feed ravenously
on the shrimp that aboundin the tidal estuaries and
which they can be seen pursuing. We have often
hooked alewives on an artificial fly at such times.

Movements at sea.—The alewife is as gregarious
as the herring, fish of a size congregating in schools
of thousands of individuals (we find record of
40,000 fish caught in one seine haul in Boston
Harbor) and apparently a given school holds
together during most of its sojourn in salt water.
But they are sometimes caught mixed with men-
haden, or with herring. Alewives, immature and
adult, are often picked up in abundance in weirs
here and there along the coast,”? and it is likely
that the majority remain in the general vicnity of
the fresh water influence of the stream-mouths
and estuaries from which they have emerged, to
judge from the success of attempts to strengthen
or restore the runs of alewives in various streams,
mentioned above. But it is certain that some of
them wander far afield, for catches of up to 3,000
to 4,000 pounds per haul were made by otter
trawlers some 80 miles offshore, off Emerald
Bank, Nova Scotia (lat. about 43° 15’ N., long.
about 63° W.) at 60 to 80 fathoms, in March
1936.7

Odd alewives were reported from Georges Bank
and the South Channel in March, June, August,
and November of 1913, Some (up to 78 per
haul) were trawled by Albatross I1I about 25 to 60
miles out off southern New England in May 1950;
also 18 adults, 10 to 11 inches long, 70 odd miles
off Barnegat, N. J., on March 5, 1931; and we saw
60 alewives trawled at the 25-fathom line off
Marthas Vineyard 7 in late June, 1951 by the
Eugene H. Where these wanderers come to shore
to spawn, if they succeed in doing so at all, is an
interesting question.

It seems likely from various lines of evidence
that alewives tend to keep near the surface for
their first year or so in salt water, and while they

73 Huntsman (Contr. Canad. Biol, {1021] 1922, p. 58) reports itz young at
Campobello Island, Bay of Fundy, in December and March,

13 Reported by Vladykov, Copelia, 1936, No. 3, p. 168. One vessel brought
in about 10,000 pounds.

4 At lat. 40° 58’ N.; long. 70% 32' W,

are inshore when older. But practically nothing
is known as to the depths to which they may -
descend if (or when) they move offshore, there
being no assurance that those taken by trawlers
were not picked up, while the trawls were being
lowered or hauled up again.

@eneral range.—Gulf of St. Lawrence and north-
ern Nova Scotia south to North Carolina, running
up into fresh water to spawn; landlocked races
also exist in Lake Ontario, in the Finger Lakes of
New York, and in certain other fresh-water lakes.”

Occurrence in the Gulf of Maine.—When the
white man crossed the Atlantic probably there
was no stream from Cape Sable to Cape Cod but
saw its annual run of alewives unless they were
barred by impassable falls near the mouth.

And while its numbers have declined during the
past two centuries and its range has been restricted,
both by actual extirpation from certain streams by
overfishing, by the pollution of the river waters by
manufacturing wastes, and by the erection of dams
that it cannot pass, the alewife is a familiar fish
still, all along around our coast” and yields an
abundant catch in many of our streams. Ale-
wives are taken commonly about Yarmouth, Nova
Scotia; in the Annapolis Basin; in Minas Channel;
and farther still, up the Bay. Alewives still run
in most of the streams tributary to the Bay of
Fundy, many in the St. John. A few are taken in
the weirs in Passamaquoddy Bay; while young ones
have been taken around Campobello Island; as
deep as 50 fathoms. They enter the large river
systems all along the coasts of Maine and New
Hampshire, likewise many small streams, the re-
quirements being that these shall lead to ponds or
have deadwaters of sufficient extent along their
courses, and no dams or falls that the alewives
can not surmount. At Boothbay Harbor, for in-
stance, & considerable number of alewives annually
run, or did run, up to spawn in Campbell’s Pond,
a small body of water that is dammed off from the
barbor, and reached by a fishway only 15 feet long.
This is the shortest alewife stream of which we
know.

In 1896, when the alewife fishery was the sub-
ject of inquiry by the Bureau of Fisheries,”” catches

1 Such a race has been reported in Cobbett Pond, Rockingham Co., N. He
by Kendall (Oce. Pap. Boston Soc. Nat. Hist., vol. 7, No. 8, 1908, p. 38) and
by Bailey (Biological Survey Merrimae Watershed, New Hampshire Fish
and Game Dept., 1938, p, 162).

7 Belding (Rept. Alewife Fish, Massachusetts, Mass. Dept. Congerv., 1021)

basg given a very instructive report on the alowifo in Massachusetts,
" Smith, Rept. U. 8. Commn, Fish. (1898) 1899, pp. 3143,
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large enough to be worth special notice were re-
ported from the mouths of the St. Croix, Dennys,
Machias, Medomak, Penobscot, St. George, Pema-
quid, Damariscotta, and Kennebec Rivers; from
Casco Bay; and from sundry other shore localities
in Maine; from the Piscataqua River system in
New Hampshire; from the mouth of the Merrimac,
and from Cape Cod Bay. Few alewives enter the
Merrimac, now, so polluted is it, and so obstructed
by dams.® And Belding found them running in
only about 9 or 10 streams on the Gulf of Maine
coast of Massachusetts in 1920, out of 27 streams
there that had formerly supported considerable
alewife fisheries.”

At present, we learn from John B. Burns, of the
Massachusetts Division of Marine Fisheries, only
a few alewives manage to run up the Merrimac past
the fish ladder at Lowell; there is & small but
regular run in the Parker Rwer a few in the Ips-
wich; & good run in the Essex; a few in the Saugus;
perhaps some in Weymouth Back River; ® a small
run in Wier River, Hingham (really a brook); a
few in Bound Brook, Cohasset; a large run in
Herring Brook, Pembroke (tributary to North
River) yielding about 1,000 barrels yearly; in-
creasing numbers in Jones River, Kingston, which
had been restocked previous to 1938 when a fish
ladder was installed; several thousand run yearly
up Barnstable Mill Pond Brook; an improving run
in Stony Brook, Brewster, where a ladder was built
in 1945, and a good run in Herring River (really
only a brook) in Wellfleet, Cape Cod.

The first alewives ordinarily appear early in
April in the few streams tributary to Massachu-
setts Bay that they still frequent, and equally
early (March or April) in the St. John River, New
Brunswick, according to McKenzie;® but their
date of arrival varies considerably from stream to
stream, according to local conditions. Thus few
are seen in the streams of Maine until late April or
early May; the first alewives appeared in 1915, for
example, in Campbell’s Creek, Booth Bay Harbor,
on April 20. And the earliest good runs on the
Nova Scotia shores of the open Gulf and of the
Bay of Fundy may come as early as April (streams
of Yarmouth, Annapolis, Hants, and Colchester

" Fishways recently constructed now allow a few to ascend beyond Lowell’
Massachusetts.

 See his report on the Alewife Fishery of Mass. (Mass. Dept. of Conser-
vation, Div, Fish. and Game, 1021) which gives much information as to the
status of the alewife In Massachusetts streams.

# Btocked with 28,000 adult fish in 1049, and fish ladders under construction.

" Rept, Biol, Board Canada (1931) 1932, p. 34,

Counties), in May (Digby and King’s County
streams), or not until June (Cumberland County.%
Successive runs follow thereafter, all around the
Gulf, until well into June, the later runs, going up,
passing the earlier spawners coming down. In
1915, we saw this happening in Campbell’s Creek,
Boothbay, on May 20. And alewives have been
seen, descending, as late as August 20, in Massa-
chusetts streams.

The extreme range of temperature within which
eggs are spawned, in Gulf of Maine tributaries, is
not known; probably the bulk of production takes
place between about 55° and about 60°.

Numeérical abundance—In 1896% reported
catches were 2,677,972 individual -alewives
(1,356,755 1b.) for Cape Cod Bay and for the
Merrimac River combined; 526,500 (293,671 Ib.)
for New Hampshire streams; and 5,832,900
(3,388,326 1b.) from the rivers and streams and
coast of Maine. The reported catch was 5,843,000
pounds # for the New Brunswick shore of the
Bay of Fundy that year; 1,609,400 pounds for the
Nova Scotia side and for the west coast of Nova
Scotia, or about 10,510,000 and about 2,895,000
individual fish, respectively, assuming that the
average weight was about the same as that for
the alewives of Maine. We thus arrive at a total
catch for the Gulf of Maine of something like 22
million individual fish at that time and actually
somewhat more, for the canvass certainly was not
100 percent complete.

The run was much greater then in the St. John
River system than in any other Gulf of Maine
river and doubtless is still. The Damariscotta
River, ranking second, was about one-third as
productive as the St. John; the Merrimac, St.
George, and Penobscot Rivers only something
like one-tenth as productive each. Casco Bay
yielded about one-sixth as many alewives as the
St. John River, the shore line of Cape Cod Bay
about one-fifth as many.® And the catch of the
St. John River system (including Kennebecasis
Bay) still was about five times as great in 1931 as
that for any of the other counties of New Bruns-

# According to McKonzie, Rept. Biol. Board Canada (1931) 1932, p. 34

1 A special study of the alewife fishery was made for that year, see Smith,
Ropt, U. 8. Comm. of Fish. (1896) 1899, pp. 33-43.

# The Canadian catches for the year were reported in barrels; the conver-
sion factor used is 200 pounds per barrel.

8 Reported catches for 1806 were about 4,234,000 pounds for the St. John
River system; 1,300,612 pounds for the Damariscotta River, 385,804 pounds
for the St. George River, 308,844 pounds for the Penobscot, 472,500 pounds

for the Merrimae, 701,287 pounds for Casco Bay, and 884,255 pounds for Cape
Cod Bay.
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wick or of Nova Scotia that border on the Bay
of Fundy or on the open Gulf %

The alewife population of the Gulf is much
smaller, today, than it was half a century ago.
Thus the catch was only about one-half as great
for the Bay of Fundy in 1945 and 1946 ¥ as it had
been in 1896, and about one-third as great for
Maine (1,224,600 1b.) while the Merrimac River,
yielding 472,500 pounds in 1896, yielded less than
3,000 pounds in 1945.% And though alewives
may seem almost incredibly numerous when
crowding into some stream, they made but a
sparse population, even in their days of greatest
plenty, when spread over the coastal waters of
our Gulf, as compared to the sea herring.

Importance.—Alewives are excellent food fish
and they are marketed both fresh and salted, and
are preferred by many to the sea herring. They
are good bait for cod, haddock, and pollock; and
their scales commanded & high price for use in the
manufacture of artificial pearls for a brief period
during the first world war and for a few years
afterward.®® By far the greater part of the catch
of alewives is made in the lower reaches of the
streams that they enter to spawn, in weirs, in
dip nets or in haul seines according to locality.
Most of those taken in outside waters (as in
Casco and Cape Cod Bays) are either gill netted
or are picked up in the fish traps.

8 McKenzie, Rept. Biol. Board Canada (1931) 1932, p. 34.

87 5,051,100 pounds and 4,517,500 pounds, respectively.

8 The reported catch for Essex County, Massachusetts, in that year was
2,700 pounds, only a part of which was from the region of the Merrimac.

# For details, sce Report, Division of Fish and Game, Mass. (1920) 1921,
p. 140.

Blueback Pomolobus aestivalis (Mitchill) 1815
GLUT HERRING; SUMMER HERRING; BLACKBELLY;
Kyack

Jordan and Evermann, 1896-1900, p. 426.

Description.—Bluebacks and alewives are diffi-
cult to distinguish; experienced fishermen who
recognize the existence of the two separate fish
cannot always tell them apart, so closely do they
resemble one another in general appearance. The
most obvious external difference between them is
that the back of the blueback is definitely blue
green, that of the alewife gray green. But this
applies only to fresh-caught fish; preserved speci-
mens do not differ much in color, or fish that have
been on ice for more than a short time. Another
external difference is that the eye of the blueback
is only about as broad as the distance from front
of eye to tip of snout (or slightly broader), but is
appreciably broader than that in the alewife; the
blueback, too, with body about 3% times as long
as deep, is a slightly more slender fish (on the
average) than the alewife, and its fins are a little
lower, but the two species probably intergrade
in both these respects.

The most dependable distinction between the
two (though requiring the use of a knife) is that
the lining of the belly cavity is sooty or blackish in
the blueback, but pearl gray or pinkish gray in the
alewife. We have yet to see a specimen that

could not be named as the one or the other on this
basis alone, unless so poorly preserved that the
original shade of the cavity could no longer be
determined.

Fi6ure 47.—Blueback (Pomolobus aestivalis), Chesapeake Bay region specimen. From Goode.

Drawing by H. L.

Todd.
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Color.—Dark blue or bluish gray above, the
sides and belly silvery, with coppery reflections at
least in some waters; lining of the belly sooty or
blackish.

Size.—The blueback attains about the same
size as the alewife, i. e., 15 inches; the adults
average about 11 inches in length and about 7
ounces in weight.

Habits.—The blueback, like the alewife, makes
its growth in salt water, but runs up into fresh
water to spawn. And its breeding habits do not
differ in any important particular from those of the
alewife, except that it “runs’ later in the season,
does not run up as far above tidewater, and does
not spawn until the water is much warmer, 70° to
75° instead of 55° to 60°.° The eggs, about 1 mm,
in diameter, sink like those of the alewife, and
stick to anything they may chance to touch.
Incubation occupies only about 50 hours at a
temperature of 72°, The young are 30 to 50 mm.
long within ‘a month and already show most of the
diagnostic characters of the adult. Evidently
they soon find their way down to the sea, for blue-
backs of 50 mm. have been seined in abundance in
Rhode Island waters late in July.” Nothing
whatever is known of their later rate of growth.
The spent fish, return to sea shortly after spawning
as do alewives. Practically nothing is known of
their movements in the sea, except that they are
schooling fishes. The fact, however, that 7 were
trawled by the Albatross I on March 5, 1931 about
100 miles off Cape May, N. J., suggests that the
blueback moves out from land and passes the cold
season near the bottom.

We need only note further that the blueback is
as gregarious as the herring or alewife; that it is
equally a plankton feeder, subsisting chiefly on
copepods and pelagic shrimp, as well as on young
launce and, no doubt, on other small fish fry.

General range.—This is a more southern fish than
the alewife, occurring along the American coast as
far south as northern Florida; as far north as
southern New England in abundance, perhaps less
regularly in the Gulf of Maine though widespread

% The early development and larval stages of the blueback are described
by Kuntz and Radeliffe (Bull, U. 8. Bur, Fish., vol. 35, 1918, pp. 87-134).

¥ In Chesapeake Bay, Hildebrand and Schroeder (Bull. U, 8. Bur, Fish,,
vol, 43, 1928, p. 88) found that while most of the young bluebacks pass out to
sea during the surnmer and {all, some remain in the deeper holes over the win-

ter. By the following March when about a year old these are about 3%4 to
4 inches long; those in the sea may grow faster than this,

there, and known definitely as far north as Cape
Breton, Nova Scotia: * it spends most of its life in
salt water but runs up into fresh water to spawn.

Occurrence in the Gulf of Maine.—Although
fishermen have recognized the existence of two
distinct species of alewives at least since. 1816, it
is difficult to arrive at a just idea of the status
and migrations of this fish in our Gulf, because
fish reported as ‘‘bluebacks’” at sea sometimes
turn out to be alewives, while the late runs of
alewives are often referred to as ‘‘bluebacks.”
It seems, however, that schools of bluebacks are
to be expected anywhere between Cape Sable and
Cape Cod. Thus we have seen “gaspereau’’ fresh
caught at Yarmouth, Nova Scotia, that appeared
to be bluebacks.® Huntsman had specimens from
St. John Harbor and Shubenacadie River; they
are reported, at least by name, from the St. Croix
River; from Dennys River, Eastport; Bucksport;
Casco Bay; Small Point; Freeport; and sundry
other localities along the coast of Maine, as well
as from the shores of Massachusetts Bay, including
Cape Cod.

L. W. Scattergood of the U. S. Fish and Wildlife
Service has sent us about 40 typical bluebacks,
about 3% to 5% inches (92-124 mm.) long taken
at Hodgdon Island, Sheepscot River, Maine, June
14, 1951; and we once saw thousands of fish taken
from a trap near Gloucester, most of which we
judged to be bluebacks from their color.® A few
fish were reported as ‘‘bluebacks’” from Georges
Bank during the investigation of 1913, and while
there is no way, now, of checking whether these
actually were bluebacks or alewives, the fact tha
we saw 10 bluebacks about 1 foot long, trawled
by Albatross I1I at the 45 fathom line off southern
New England, in mid-May, 1950,% shows that they
may spread as far offshore as alewives.

No definite information is at hand as to how
regularly alewives run into our Gulf of Maine
streams, for spawning; or what streams they enter
at all. .

No distinction is made, commercially, on our
coast between the blueback and the more abundant
alewife; it is equally useful for bait and for food.

¥ Dr. A. H. Leim has sent us four typical bluebacks about 12 inches long,
taken at Cape Breton, Nnova Scotia, in 1950.

% We had no chance to examine them oritically.

¥ We did not then appreciate the desirability of positive identification.

" Lat. 40° 06°; long. 71° 38’ W,
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Shad Alosa sapidissima (Wilson) 1811 [Approxi-
. : mate date] ‘

Jordan and Evermann, 1896-1900, p. 427.

Description.—The shad is a typical member of
the herring tribe in all respects with soft-rayed
dorsal and anal fins of moderate size, the former
situated above the ventrals and well forward of
the middle of the body. It has a deeply forked
tail and large scales that are loosened easily.
Unlike the sea herring, the shad has no teeth on
the roof of the mouth; adults have no teeth at
all, although young shad have small ones in the
jaws which may persist until the fish is a foot or
so long. The shad agrees with the hickory shad,
alewife, and blueback, in its deep body and sharp
saw-edged belly. But it differs rather noticeably
from the hickory shad in its longer mouth, with
upper jaw reaching to below the rear edge of
the eye, and in the fact that the tip of its lower
jaw is entirely enclosed within the tip of the upper
when its mouth is closed. The most clear cut
character distinguishing shad from alewife and
blueback is that the upper outline of the shad’s
lower jaw is very slightly concave, without a
sharp angle, the outline of theirs deeply concave
with a pronounced angle. Furthermore the lining
of the shad’s belly is very pale.

Color—Dark bluish or greenish above, white
and silvery low on sides and on belly, with a
dusky spot close behind the rear edge of the gill
cover, and usually with one or two longitudinal
rows of indistinet dusky spots behind it. ,

Size.—The shad is the largest of the herrings
that regularly visit our Gulf, growing to a length
of 2% feet. In the Bay of Fundy, according to
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Fi1cure 48.~—Shad (Alosa sapidissima), Chesapeake Bay specimen.
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Leim * shad weigh about ¥ pound at 8 inches;
about % pound at 12 inches; about 1% pounds at
15 to 16 inches; about 2% pounds at about 20
inches;and about 4% pounds at 23 to 24 inches;
though with variations according to their . condi-
tion. Adult males weigh from 1% to 6 pounds;
females from 3% to 8 pounds. Shad are occasion-
ally reported to 12 pounds, and the older writers
mention shad of 14 pounds, but none so large has
been credibly reported in the Gulf of late years.

Habits—The shad, like the alewife, spends
most. of its life at.sea, and makes most of its
growth there, but runs up into fresh rivers to
spawn, the spent fish soon returning to salt water,
and its fry soon running down also. During their
stay in the sea shad are schooling fish, often in
thousands, and they never reenter fresh water
until they return to spawn, though they sometimes
do appear in brackish estuaries. Schools of shad
are often seen at the surface in spring, summer,
and autumn. In winter they disappear from
sight. Probably the shad of the year winter near
the mouths of their parent streams; the larger
sizes somewhat farther out and deeper. The most
direct evidence as to the depths to which they
may descend is that shad have been trawled at
about 50 fathoms off Nova Scotia in March (see
footnote 22, p. 112), and at 26 to 68 fathoms off
southern New England in May (footnote 23, p.
112).

Food.—The shad, like other herrings, is pri-
marily a plankton feeder. We have found shad
taken in the Gulf of Maine in summer full of
copepods (chiefly Calanus), and the stomach con-

% Contrib. Canad. Biol., N. Ser., vol. 2, 1924, p. 245, fig. 41.
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From Goode. Drawing by H. L. Todd.
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tents of fish from the Nova Scotia Coast of the
Bay of Fundy examined by Willey ¥ consisted
chiefly of the copepod genera Arcatia and Temora
with other smaller ones, of mysid shrimps and of
the larval stages of barnacles while Leim % found
that the shad in the open Ba.y of Fundy feed
chiefly on copepods and mysids. Shad are also
known to feed as greedily on the pelagic euphausiid
shrimps as herring do, on fish eggs, and even on
bottom dwelling amphipods, showing that they
forage near the ground at times.

Occasmnally they eat small fish, but these are
only a minor item in their general dlet % Shad, it
appears, take little or no food just prior to spawn-
ing. But they will often take an artificial fly, or a
live minnow when running upstream to spawn.!
During the past few years, crowds of anglers have
caught many on flies in the Connecticut River,
and doubtless could in the few Gulf of Maine
streams to which shad still repair (p.110).

Reproduction and growth.*—The sexually mature
fish enter the streams in spring or early summer
when the river water has warmed to 50° to 55°,
Consequently the shad run correspondingly later
in the year passing from south to north along the
coast, commencing in Georgia in January; in
March in the waters tributary to Pamlico and
Albemarle Sounds; in April in the Potomac; and
in May and June in northern streams generally
from the Delaware to Canada. In the Kennebec,
according to Atkins,? the first shad appear (or did)
late in April, with the main run in May and June;
the first ripe females are caught the last week in
May and they begin to spawn about June 1, most
of them doing so during that month, a few in July,
and possibly an occasional fish as late as August.
Probably these dates applied equally to the Merri-
mac in the good old days when shad were plentiful
there, but the séason is somewhat later in the St.
John, also in the Shubenacadie as might be ex-
pected; i.e., from mid-May until the end of June.*

¥ Contrib. Canad. Biol., N. Ser., vol. 1, 1023, p. 316. ‘

¥ Contrib, Canad. Biol.. N. Ser., vol. 2, 1024, p. 231,

% Leidy (Proc. Acad. Nat. Sci. Philadelphia, Ser., 2, 1868, p. 228) found 30
small sand eels (Ammadytea) in the stomach of a shad, probably caught in
Delaware Bay.

I'Bean (Bull. 60, Zool., vol. 9, New York State Mus., 1903, p. 207) com-
mented on this long ago.

? Accounts of the breeding habits of the shad have been glven by Ryder,
Ropt. U, 8, Comm. Fish. (1885) 1887, p. 523; by Prince (Supp. 6, Rept. Dept.
Marine Fish, Canada, Fish. Branch. 1807, pp. 95-110; in the Manual of Fish
Culture, published by the U, 8. Bur, of Fish., 1887; and more recently by
Leim (Qontrib. Canadian Blol. N, Ser. vol. 2, 1924 pD. 184-202).

! Fish, Ind. U. 8., Sect. 5, vol. 1, 1887, pp. 683-684,
¢ Leim, Oontrib. Ounad. Biol., N. Ser,, vol. 2, No. 11, 1924, p. 182.

.- In large rivers they run far upstream. In:the
St. John River, New Brunswick, they ascend
about 200 miles to the grand falls even today
according to Leim, and they still run up 300 miles
(or did recently) in the Altamaha in Georgia; for
375 miles in the St. Johns River, Florida. But
they could run up only about 35 miles at present
in the Penobscot, where they formerly ascended
some 90 miles, or 44 miles (to Augusta) in the
Kennebec, which they formerly ascended 108
miles (to Carratunk Falls), though none enter
either of these rivers now, so far as we know.
And the dams at Lawrence, only 20-odd miles up-
stream, now stop any stray shad that may still
enter the Merrimac, which they formerly as-
cended for 125 miles to Lake Winnepesaukee.®

In the Shubenacadie, shad spawn mostly in
temperatures higher than about 54°, and spawning
is ‘interrupted if the water chills below that,
temporarily. :

The fish select sandy or pebbly shallows for
spawning grounds, and deposit their eggs mostly
between sundown and midnight. Females pro-
duce about 30,000 eggs on the average, though as
many as 156,000'have been estimated in very large
fish. The spent fish, now very emaciated, begin
their return journey to the sea immediately after
spawning. In the Kennebec they were first seen
on their way down about June 20 and constantly
thereafter throughout July; in the St. John spent
fish are running down in July and August. Ac-
cording to Atkins they begin feeding before reach-
ing salt water and recover a good deal of fat
before moving out to sea.

The eggs are transparent, pale pink or amber,
and being semi-buoyant and not sticky like those
of other river herrings they roll about on the
bottom with the current. The eggs hatch in 12
to 15 days at 52° (12° C.), in 6 to 8 days at 63°
(17° C.), which- covers the range characteristic
of Maine and Bay of Fundy rivers during the
season of incubation. And Leim has made the
interesting discovery that larval development is
more successful in brackish than in pure fresh
water, with about 7.5 parts of salt per thousand
as about the most favorable salinity.

The larvae are about 9 to 10 mm. long at the
time of hatching, growing to about 20 mm., at 21

§ Stevenson (Rept. U, 8. Comm. Fish., (1808) 1899, p. 111) has given a table
of the distances to which shad ascended varlous rivers then, and formerly
from the Penobscot in Maine to the St. Jobus in Florida.
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to 28 days. Shad larvae resemble alewife larvae,
being extremely slender with the vent almost as
far back as the base of the tail.® The young shad
remain in the rivers until fall, when they move
down to salt water; they are now 1% to 4% inches
long, resembling their parents in appearance.

According to Leim’s investigation, based on
scale studies and length frequencies, shad in the
upper Bay of Fundy, average about 5 to 6 inches
long when one year old; 9 to 10 inches long at 2
years; 13 to 14 inches at 3 years; 15 to 16 inches
at 4 years; and 18 to 19 inches at 5 years. The
two largest he examined, about 24% inches (62 cm.
and 63 cm.) long, appeared to be 7 and 6 years old,
respectively, They may grow somewhat faster
in the open Gulf of Maine, to judge from the
greater abundance of pelagic crustaceans on which
they feed (p. 109). Most of the spawning fish are
5 years old in the Shubenacadie, and presumably
in other Gulf of Maine rivers; the oldest 8 or 9
years old.

General range.—Atlantic coast of North America
from the southeastern coast of Newfoundland,’
which shad have been known to reach as strays,
and the estuary of the St. Lawrence River, where
there is a considerable population of them? to
the St. Johns River in Florida; also represented
in the Gulf of Mexico by a closely related species.
The shad has been successfully introduced on the
Pacific coast of the United States. It runs up
rivers into fresh water to spawn.

Occurrence in the Gulf of Maine. —When the
first settlers arrived in New England they found
seemingly inexhaustible multitudes of shad annu-
ally running up all the larger rivers and many
of the smaller streams, with the tributaries of the
Gulf of Maine hardly less productive than the
Hudson or Delaware. But one stream after
another was rendered impassable by the construc-
tion of dams near the mouth, for shad cannot or
will not run up through fishways that are readily
used by alewives. Indeed, they have been
practically wiped out in the Merrimac River, as
appears from the following compilation: ®

¢ Leim (Contr. Canad. Biol,, N. Ser., vol. 2, No. 11, 1924, p. 195) gives 8
detailed comparison of shad with alewife larvae.

7 Tho most northerly record of a shad, on which we have chanced, is one
taken in Bull’s Bay, near 8t. Johns, Newfoundland.

8 See Vladykov (Contr. Dept. Fish., Quebec, No. 30, 1950, pp. 121-135,
and Natural, Canad., vol. 77, 1950, pp. 121-135) for & study of the movements
of the shad in the St. Lawrence estuary.

) From Btevenson, Rept. U. 8. Comm. Fish. (1898) 1809, p. 262.

Number of shad iauqht, Number of shad caught,

Year reported, or estimated Year reported, or estimaled
1789 . 830,000 1888 . --._. None
1806 ... 540,000 1889 . ___ ... 18
1836 ... 365,000 1890-1892._____._ None
1865 i eeoo 50,000 1893 . .. ao-.. 2, 020
18711873 (aver- 1894 .. 2, 750

FY-0:) PR 1,942 1895 e 94
1880 (el 2,139 1896, . _.___-_ 7
1885 - 130

The Gulf of Maine rivers to which shad are
known to resort regularly today are the Annapolis,
Petit Codiac, Shubenecadie, and St. John, tribu-
tary to the Bay of Fundy; perhaps the St. Croix; !°
the only Maine rivers that see regular runs of a
few shad are the Nonesuch and the Sheepscot.!

A few shad may enter other Gulf of Maine
streams in some years if not yearly, and bright
spots in the shad picture are that a considerable
number of adult shad ran up the South River in
Marshfield, Massachusetts, on the southern shore
of Massachusetts Bay in 1950, and that there
has been a run of something like 2,000 shad yearly
in Mill Creek, Sandwich, Mass., for the past four
years.!? How successfully they may have spawned
in either of these streams is not known.

It appears that most of the shad hatched in the
rivers tributary to the Bay of Fundy, and the
spent fish from there, remain in or near the estu-
aries where they take to salt water; and that most
of the adults that survive the strain of spawning
return to the parent stream to spawn again.
Thus it is only in St. Marys Bay, in Annapolis
Basin, in Cobequid Bay and Minas Basin, in
Chignecto Bay and at the mouth of the St. John
as well ag for a few miles westward, that large
Fundian shad are caught in any numbers.® The
fact, on which Leim *** comments that “there is
not a single record of a shad ever having been
taken” at Grand Manan island, although this
‘“lies almost directly in the path of any body of

10 The St. Croix once had a large run of shad. None were seen there for 8
or 0 years prior to 1915, but they wero there In some numbers in 1915 and
1916, according to investigations by H. F. Taylor of the U. 8. Burecau of
Fishories; their present status there is not known. They have been entirely
extirpated from the Saco, where they were abundant formerly, probably from
the Penobscot and Kennebee, and certainly from the Merrimac, as noted
above.

1 Information {rom Dr, C, E. Atkinson, U, 8, Fish and Wildlife Service.

1z Roported to us by John B. Burns of the Massachusetts Division of
Fisheries and Game.

1 Leim (Contr. Canad. Biol. N. 8er., vol. 2, No, 11, 1924, fig. 2) gives 8
chart showing the location of shad catches for the Bay of Fundy.

132 Contr. Canad. Blol. N. Ber., vol. 2, No. 11, 1824, p. 173,
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fish going in or out of the Bay of Fundy,” is
especially significant as emphasizing the localiza-
tion of the St. John shad near the parent river.

The behavior of the St. John river shad raises
an interesting question, as to the source of the
young fish that sometimes congregate in the
Bays and among the islands along the coast of
Maine (Casco Bay especially), for there seem to
be too many of them, in some years, to be credited
to the small runs that still frequent the rivers of
Maine (unless runs may have been overlooked of
late m other rivers there).

Immature shad, up to 2 to 2% pounds in weight
are observed more or less commonly in Cape Cod
Bay near Provincetown in summer or autumn and
in the inner parts of Massachusetts Bay (some-
times taken in the traps at Beverly or Manchester),
and off Cape Ann."* Spent shad up to 10 pounds
in weight (averaging about 5 pounds), are some-
times reported by fishermen off the coast of Maine
west of Penobscot Bay; near the Isles of Shoals;
off York Beach, and off Cape Ann, in summer,
autumn, and even in December.?

The few mature shad with ripening sexual organs
that are picked up by the haddock netters between
Cape Ann and Portland in April and May, most
often about the Isles of Shoals and Boon Island,*
probably are headed for the rivers of Maine.

Larger numbers of fish are seined in September
and October, in the neighborhood of Mount Desert
Island, where they have been the object of & frozen
fish industry in some years.” These, like the green
fish mentioned above, seem far too numerous to be
accounted for by the small production that still
takes place in the rivers of Maine. Some few of
them, it seems, are Bay of Fundy fish, for one of a
batch tagged near Mount Desert Rock in August
1947, was recaptured in Kings County, New
Brunswick (St. John River system) the following
June, and a second in the Petitcodiac River that
July, while a third, tagged farther west on the
coast of Maine in August or September 1948 was

" 502 barrels (about 100,400 1b.) were taken in one set of mackerel pounds
at Provincetown in June 1910; the traps picked up numbers of shad of about
14 Inches from June 20 to July 6, 1921, at Magnolia and Beverly, where the
cateh was 10,300 pounds in 1945; and 14 shad 11 to 153 inches long were
taken in one set of traps at Barnstable, on Cape Cod Bay, October 3, 1950.

18135,000 pounds of these large spent fish were caught near Gloucester in
the autumn of 1915; 125 barrels of 2- to 3-pound shad, some spent, near Seguin
Island, Fuly 19, 1925.

18 A sories of shad from that reglon, examined by the late W. W, Welsh-in
April and May 1913, averaged 5 pounds, sll with well-developed sex organs.

* About 250,000 pounds were brought in to the local freezers yearly in 1913,
1014, and 1015,
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recaptured in the St. John River in May 1950.
But it seems established that most of the medium-
sized shad and larger now found in our Gulf are
immigrants from the south, growing and fattening
on the rich supply of plankton they find there,
but returning to the rivers west and south of Cape
Cod to spawn.

Direct evidence of this is that one tagged in
Chesapeake Bay was recaught at Race Point, at
the tip of Cape Cod, 39 days later; ®® one also was
recaptured near Gloucester and another near
Portland that had been tagged in the Hudson
River, while 3 out of 1,380 tagged in New York
Bay were recaptured in the Bay of Fundy after
37 days, 75 days, and 85 days, respectively, and one
tagged off Fire Island, N. Y., was recaught at St.
John, New Brunswick, after 39 days.”® On the
other hand, 18 shad, from a batch of 236 that were
tagged near Mount Desert Rock in August 1947
were recaptured the next spring scattered along in
different stream systems from the Connecticut to
the Altamaha in Georgia. Others, from this same
batch, were recaptured in the Connecticut, in the
Hudson, on the coast of New Jersey, and in the
Pamlico River, N. C., during the next two springs.
And three others, from a batch of 431 tagged
farther west along the coast of Maine in the sum-
mer and autumn of 1948, were recaptured in the
Hudson River; three in Chesapeake Bay, and one
in the Pamlico River, N. C.2

The shad that take part in this intermigration
must winter somewhere between their northern
feeding grounds whence they have vanished
wholly by mid-autumn, and their southern breed-
ing streams near which they do not appear until
spring. But it is not yet known where they pass
the cold months, how deep down they go, how far
offshore, or how active they are then.

Still other shad are known to make very long
journeys that can hardly be fitted into any regular
migratory pattern, and from which they may never
find their way back. Thus one that was tagged
in the lower St. Lawrence River was recaught on
Brown’s Bank 258 days later; a second, from that
same batch, was recaught in Cumberland basin,
near Amherst, Nova Scotia, at the head of the
Bay of Fundy after 322 days; a third at Province-

18 Viadykov, T'rans. Amer. Fish. 8oc., vol. 67, 1838, p. 64.

1 Information supplied by C. E. Atkinson, U. S. Fish and Wildlife Service.

» Information supplied by E. H. Hollis of the U. 8. Fish and Wildlife
Service.
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town at the tip of Cape Cod, some 1,200 miles
away from where it had been tagged 444 days
previous.” And one, from a batch of weir-caught
fish tagged on the coast of Maine, August—
September, 1948, was recaught in the Medway
River, outer coast of Nova Scotia, & second, in the
Miramichi River, tributary to the southern side of
the Gulf of St. Lawrence in 1950, and a third, off
Tor Bay, eastern Nova Scotia in 1951.

T'o what extent the seasonal journeys of the shad
are passive with the dominant circulatory move-
ments of the water, and to what extent (if any)
they are self-directed is perhaps the most interest-
ing question that now faces us in our studies of the
shad of the Gulf of Maine. ‘

Shad have been trawled 50 to 60 miles out, off
eastern Nova Scotia;? have often been reported
40 to 50 miles out off the coast of Maine; also
25 to 90 miles out, off southern New England,®
and we saw one trawled by the Eugene H in late
June, 1951, on the southern part of Georges
Bank (lat. 40°52’N., long. 67°40’W.), about 110
miles from the nearest land. Evidently they may
wander as far offshore as alewives do; perhaps
even as far as herring.

Shad reared in different regions may, perhaps,
prove to differ enough in racial characters for
recognition when taken at sea, but this is a ques-
tion for the future.?

Abundance.—The stock of shad in the Gulf is
but a shadow in comparison with that of colonial
days.

In 1896, the only year for which detailed
information is available as to the. numbers taken
in different streams, 290,122 shad were reported
as caught in the Kennebec system, 9,000 in the
Pleasant River, about 3,000 in the Harrington
River, only 114 in the Penobscot and 12 in the St.
Croix; 100 in the Piscataqua and 7 in the Merri-

21 See Vladykov, Nat. Canad., vol. 77, 1050, p. 121, for a detalled account
-of hia tagging experiments on St. Lawrence River shad.

22 Vladykov, Copela, 1936, No. 2, p. 168, reports between 25 and 30 shad of
4-6 pounds, taken per haul, by otter trawlers in March, 1935, southwest of
Middle Ground, about lat, 44°25’ N., Jong. 61°05’ W., st about 50 fathoms,

2 Two shad were trawled by Albatross 171 on the eastern part of Nantueket
Shoals at 68 fathoms, and 46 others at 9 stations distributed thence westward
to the offing to Montauk Point (long. 71°62’ W.) at 26-64 fathoms, May 11-18,
1950,

# Viadykov and Wallace (Trans. Amer, ¥ish, Boc., vol. 67, 1937-1938, pp.
52-86) believe that Shubenacadie, Delaware River and Chesapeake Bay
shad differ significantly in average number of vertebrae, of mid ventral
scales and of pectoral fin rays. But Warfel and Olsen (Copeis, 1947, pD.
177-183) doubt whether any distinction can be drawn between shad in various
streams along our North Atlantic coast, at least as far as average number of
vertebrae goos,
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mac.®  In that same year the catch was about
1,059,000 pounds for the Nova Scotia shore of
the open Gulf and for the Bay of Fundy;?
1,404,477 pounds for the rivers and coast of
Maine; about 122,932 pounds (32,782 fish) for
the Gulf of Maine coast of Massachusetts, or a
total of about 2,586,400 pounds for the Gulf as
a whole. With shad averaging about 3% pounds
in weight,? this corresponds to about 690,000
fish,

But the yearly catch was only about one-third
as great for the period 1916-1919 as it had been
in 1896, whether for the United States shores of
the Gulf or for the Canadian.® And it was of
about that same order of magnitude in 1931,
i. e., 677,540 pounds for the Gulf as a whole
(157,763 pounds for Maine, 147,277 pounds for
Massachusetts, 237,200 pounds for the Bay of
Fundy and West Nova Scotia region). Since
that time, the catches have ranged between
10,400 pounds and 306,000 pounds for the Massa-
chusetts coast of the Gulf and between 9,300
pounds and 1,106,800 pounds for Maine, 8
fluctuation so extreme (no regional correlation
appearing) as to suggest that market conditions
were the chief governing factor. On the other
hand the catches for the Canadian shores of the
Gulf increased rather consistently from 1931 to
a total of 1,287,600 pounds in 1939 then declined
to around 780,000 pounds for 1944 and 1946, a
rise and fall regular enough to suggest & corre-
sponding fluctuation in the actual abundance of
the shad.. The average yearly catch for the period
19441946 combined, was about 20,000 pounds for
Massachusetts, about 224,050 pounds for Maine,
and about 780,000 pounds for the Bay of Fundy
and western Nova Scotia.

Thread herring Opisthonema oglinum (LeSueur)
1817

Jordan and Evermann, 1896-1900, p. 432.

Description.—The thread herring is distinguish-
able at a glance from all the herrings that regularly
inhabit the Gulf of Maine by the prolonged last
ray (usually about as long as the body is deep) of
its dorsal fin. It resembles the gizzard shad of

2 Stovenson, Rept, U. 8. Comm, Fish (1898) 1899 pp. 265-260.
3¢ These catches were reported as *barrels” presumably of 200 pounds each.
27 Stevenson, Rept. U. 8. Comm. Fish (1898) 1899, p. 121.

2 About 460,000 pounds for  the United States coast of the Gulf and
about 374,000 pounds for the Bay of Fundy and in western Nova Scotia

combined in 1916-17.
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Ficure 49.—Thread herring (Opisthonema oglinum). Drawing by Louella E. Cable.

fresh and brackish waters farther south in this
respect, but the two differ rather conspicuously in
various details. In the thread herring, the upper
edge of the tail fin is about 1% times as long as the
head (only about as long as the head in the
gizzard shad); the point of origin of the dorsal fin
is a little in front of the origin of the ventral fins
(a little behind in the gizzard shad); the distance
from the origin of the ventrals to the origin of the
anal fin is at least 1) times as long as the base of
the anal (only about ¥ to 4 in the gizzard shad);
and the anal fin is very low, with its first few rays
a little shorter than the eye (about 1% times as
long as the eye in the “gizzard’). There is no
danger of confusing a thread herring with a young
tarpon with which it shares the prolonged dorsal
ray, for its dorsal fin originates in front of the
ventrals, while the two fish are far apart in general
appearance.  This is a rather thin fish, its body
about 2% to 3 times as long (to the base of the tail)
as deep; the belly is sharp and saw edged; the tail
deeply forked as in our other herrings. There are
18 to 19 rays in the dorsal fin, 22 to 24 in the anal.
Color —Bluish above, silvery on sides and belly.
fl‘he scales along the back have dark centers, form-
Ing longitudinal streaks, and there is a faint dark
Spot- just behind the upper margin of the gill
cover; the dorsal and caudal fins have black tips.
Size.—Maximum length about 12 inches.
General range—Atlantic coast of America in
tropical and subtropical latitudes, south to
Brazil, straying northward to Chesapeake Bay,
and occasionally as far as southern Massachusetts.
Occurrence in the Gulf of Maine—A thread
erring is caught off southern New England
Occasionally; they were even reported as rather

common in Buzzards Bay and in Vineyard Sound
during the summer of 1885. But there is only one
record of it within the Gulf of Maine, a single
specimen 7 inches long, taken off Monomoy Point,
at the southern angle of Cape Cod, in August
1931.2 Being a tropical fish, it is not apt to
reach the Gulf except as the rarest of strays.

Menhaden Brevoortia tyrannus (Latrobe) 1802
Poay; MossBUNKER; FAT BACK

Jordan and Evermann, 1896-1900, p. 433.

Description.—This fish is universally called
“pogy’’ in the Gulf of Maine but no less than 30
common names are in use south of Cape Cod. It
is flattened sidewise like all our other.herrings,
has a sharp-edged belly, and is as deep proportion-
ally as the shad (body about 3 times as deep as
long), though the general form is altered when the
fish are fat. The very large scaleless head, which
occupies nearly one-third of the total length of the
body, gives the menhaden an appearance so dis-
tinctive that it is not apt to be mistaken for any
other Gulf of Maine fish. It is likewise distin-
guishable from all its local relatives by the fact that
the rear margins of the scales are nearly vertical
(not rounded), and are edged with long comblike
teeth instead of being smooth. The dorsal fin
originates over the ventrals: or very slightly
behind them. We need only point out further
that the pogy is toothless, its tail deeply forked,
its ventral fins very small, its dorsal and anal of
moderate size, its mouth large and gaping back as
far as the hind margin of the eye, and that the tip
of its lower jaw projects beyond the upper.

# Reported by MacCoy, Bull. Boston Soc. Nat. Hist., No. 61, 1931, p. 21.
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F1GURE 50.—Menhaden (Brevoortia tyrannus). A, egg; B,
larva, newly hatched, 4.5 mm.; C, larva, 23 mm.; D,
young fry, 33 mm. A-D, after Kuntz, and Radcliffe.

Color.—Dark blue, green, blue gray, or blue
brown above, with silvery sides, belly, and fins,
and with a strong yellow or brassy luster. There
is a conspicuous dusky spot on each side close
behind the gill opening, with a varying number of
smaller dark spots farther back, arranged in
irregular rows.

Size.—Adult menhaden average 12 to 15 inches
in length, and from two-thirds to one pound in
weight. One 18 inches long was taken at Woods
Hole in 1876, and a fish 20 inches long has been
reported. The heaviest of which we have heard
was one of 1 pound 13 ounces, taken at Orient,
N.Y.

Habits.—The menhaden, like the herring, almost
invariably travels in schools of hundreds or thou-
sands of individuals, swimming closely side by
side and tier above tier. In calm weather they
often come to the surface where their identity
can be recoegnized by the ripple they make, for
pogies, like herring, make a much more compact
disturbance than mackerel do, and “a much bluer
and heavier commotion than herring, which hardly
make more of a ripple than does a light breeze
passing over the water,” as W. F. Clapp has
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stated to us. Also, pogies as they feed frequently
lift their snouts out of water, which we have never
seen herring do, while they break the water with
their dorsal fins, also with their tails. And the
brassy hue of their sides catches the eye (as we
have often seen), if one rows close to a school
in calm weather.

It is chiefly on warm, still, sunny days that
the menhaden come to the surface, sinking in
bad weather; and they are said to come up more
often on the flood tide than on the ebb. It is
also said (this we cannot vouch for) that the
fish work inshore on the flood tide and offshore
on the ebb.

Food.—The menhaden, formerly thought to
subsist on mud, is now known to feed chiefly

‘on microscopic plants (particularly diatoms) and

on the smallest Crustacea.® It sifts these out of
the water with a straining apparatus in the shape
of successive layers of comb-like gill rakers as
efficient as our finest tow nets. No other Gulf
of Maine fish has a filtering apparatus comparable
to that of the pogy, nor has it any rival in the

# For a detailed account of the food and of the branchial sieve of the men*
haden, see Peck (Bull,, U. S. Fish Comm., vol. 13, 1894, pp. 113-124, pls. 1-8+
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Gulf in its utilization of the planktonic vegetable
pasture. Menhaden feed, as Peck described, by
swimming with the mouth open and the gill
openings spread. We have often seen specimens
in the aquarium at Woods Hole doing this.** And
we have watched small ones in Chesapeake Bay,
swimming downward as they feed, then turning
upward, to break the surface with their snouts,
still with open mouths.

The mouth and pharyngeal sieve act exactly
as a tow net, retaining whatever is large enough
to enmesh, with no voluntary selection of particu-
lar plankton units. The prey thus captured (as
appears from the stomach contents) includes small
annelid worms, various minute Crustacea, schizo-
pod and decapod larvae, and rotifers, but these
are greatly outnumbered as a rule by the sundry
unicellular plants, particularly by diatoms and
by peridinians. And the food eaten at a given
locality parallels the general plankton content of
the water, except that none of the larger animals
appear in the stomachs of the fish on the one
hand, nor the very smallest organisms (infusoria,
and certain others such as the coccolithophorids)
on the other. The menhaden, in short, parallels
the whalebone whales, the basking shark, and
the giant devil rays in its mode of feeding, except
that its diet is finer because its filter is closer
meshed.

Peck has calculated from observations on the
living fish that an adult menhaden is capable of
filtering between 6 and 7 gallons (about 24 to
28 liters) of water per minute, and while the
fish do not feed continuously this will give some
mensure of the tremendous amount of water sifted
and of plankton required to maintain the hordes
in which these fish congregate. The abundance
of microscopic plants in the water of bays and
estuaries, and along the coast has often been
invoked to explain the concentration of menhaden
close to shore.

Enemies—No wonder the fat oily menhaden,
Swimming in schools of closely ranked individuals,
helpless to protect itself, is the prey of every pre-
daceous animal. Whales and porpoises devour
them in large numbers; sharks are often seen fol-
lowing the pogy schools; pollock, cod, silver hake,
and swordfish all take their toll in the Gulf of

n ADparem;ly Ehrenbaum (as quoted by Bullen, Jour,, Mar. Biol. Assoc.
nited Kingdom, vol. 9, 1910-13, pp. 394-403) was not acquainted with the

:‘ﬂbits of menhaden when he wrote to the effect that no fish eat plankton
ndiscrlmlnutely, or swim about habitually with open mouth when feeding.

Maine, as do weakfish south of Cape Cod. Tuna
also kill great numbers. But the worst enemy of
all is the bluefish, and this is true even in the Gulf
of Maine during periods when both bluefish and
menhaden are plentiful there (p. 384). Not only
do these pirates devour millions of menhaden every
summer, but they kill far more than they eat.
Besides the toll taken by these natural enemies,
menhaden often strand in myriads in shoal water,
either in their attempt to escape their enemies or
for other reasons, to perish and pollute the air for
weeks with the stench of their decaying carcasses.
Breeding and growth.—Very little is known about
the breeding habits of the menhaden, except that
it spawns at sea and that the chief production of
eggs takes place south of our limits. According to
observations at Woods Hole,* the main body of
the fish off southern New England spawn in June,
continuing through July and August; even into
October as in 1915, when the Grampus collected
eggs and larvae in Nantucket Sound and westward
from Martha’s Vineyard in that month. And re-
ports of spent fish in the Gulf of Maine in July
and August, with others approaching maturity,
suggest that the menhaden is a summer spawner
there also. We have found no eggs in our tow-
nettings north of Cape Cod (young fry were taken
in abundance in Casco Bay in October 1900), prob-
ably because our work there was carried on during
a series of poor menhaden seasons. From Chesa-~
peake Bay southward the spawning season appears
to be late in the autumn, and in early winter.
Menhaden eggs are buoyant and resemble those
of the European pilchard (Clupea pilchardus), but
are easily distinguished from the eggs of any other
Gulf of Maine fish by their large size (1.5 to 1.8
mm. in diameter), broad perivitelline space, small
oil globule (0.15 to 0.17 mm.), and very long em-
bryo. Incubation is rapid (less than 48 hours), as
Welsh found by experiment. The newly hatched
larvae are 4.5 mm. in length, growing to 5.7 mm.
in 4 days after hatching. The dorsal and caudal
fins first become visible at a length of 9 mm.; at
23 mm. all the fins are well developed; scales are
present at 33 mm.; and at 41 mm. the fry show
most of the characters of the adult, except that
their eyes are much larger, proportionately. The
youngest larvae much resemble young herring, but
the fins are formed, the tail becomes forked, and

1 By Kuntz and Radeliffe, Bull. U, 8. Bur. Fish,, vol. 35, 1918, p. 119, who
describe the eggs and larvae.
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the body deepens at a much smaller size, a men-
haden of 20 mm. being as far advanced in develop-
ment as a herring of 35 mm:, which makes it easy
to distinguish the older larvae of the two fish. -

Welsh concluded from examination of great
numbers of {fry and from measurements and scale
studies of fish of various ages that menhaden
hatched ‘in summer (which would apply to any
fry that might be produced in the Gulf of Maine)
are 2% to 3% inches (6 to 8 cm.) long by their
first- winter; and average about 6% inches (16
cm.) by their second winter; fall-hatched fish
are 1% inches (3 cm.) and about 5 inches (about
13 cm.) long, in their first and second winters,
with every gradation between the two depending
on the precise season when the fish are spawned.®
Apparently sexual maturity is attained in the
season following the third winter, and a few of the
older fish that Welsh examined showed as many
as 9 to 10 winter wings on their scales,

General range—Coastal waters along the At-
lantic coast of America from Nova Scotia to
eastern Florida ; represented in the Gulf of Mexico,
and southward to northern Argentina, by a
series of named forms that differ from our northern
menhaden in ways that would not be apparent
to any one but to a trained student of fishes.*

Occurrence in the Gulf of Maine.—~The Gulf of
Maine is the northerly limit for the menhaden;
St. Mary Bay on the west coast of Nova Scotia
is its most easterly known outpost. Prior to
about 1850 the pogy seems to have been common

at the mouth of the Bay of Fundy; it was, indeed, .

reported by Perley as far up the bay as St. John,
and fishermen spoke of it as abundant near
Eastport up to 1845-1850. But it seems to have
abandoned Fundian waters altogether ¥ since
then except for an occasional straggler, and very
few menhaden have been noticed east of Mount
Desert and Jonesport of late years.

Perhaps the most interesting aspect of the oc-
currence of the menhaden in the Gulf of Maine is
that it fluctuates tremendously in abundance there
from year to year, periods of great plenty al-
ternating with periods of scarcity or entire absence

# Young menhaden that we collected at Woods Hole on September 23,
1842, were 314 to 4 inches (81-88 mm.) long; others taken in Salt Pond, Fal-
mouth, Mass., on November 24, 1949, were 456 to 5 inches long.

# Bee Hildebrand (Smithsonian Mise. Coll., vol. 107, 1848, No. 18 for &
revision of the genus Brevoorfis). One named specles, P. Urericaudala
Goode 1878, is known only from Noenk, Conn.; we doubt its validity.

# According to Huntsman (Contr, Canad. Blol., (1921) 1922, p. 59) one
wag taken in St. John Harbor in August, 1919,

from our waters. Thus they were extremely
abundant off the coasts of Massachusetts and
Maine, every summer, for some years prior to
1875, when a considerable fishery developed for
them in Maine. Very few, however, were taken
in the Gulf during the cold summer of 1877 until
September and October, when they were reported
as about as abundant as normal; practically
none appeared north of Cape Cod in the year
1879; and they were so scarce along the coast of
Maine for the next six years that it caused com-
ment when an occasional one was caught. In
1883, for instance, a few were reported to. the
U. S. Fish Commlssmn though no schools were
seen and many people thought they had gone per-
manently. But they were once more reported
abundant off Maine and Massachusetts in 1886;
they were so plentiful as far east as Frenchman
Bay in 1888 that the menhaden fisheries were
revived; they were as plentiful in Maine waters
in 1889 as they had ever been (more than 10
million pounds taken there) and they were still so
numerous in 1890 that four fertilizer factories
were established, and nearly 90 million fish were
taken during that season. But this period of
abundance was short-lived, less than half as many
fish being caught in Maine waters (about 41 mil-
lion) in 1891 as the year before, while few men-
haden were taken or seen north of Cape Cod in
1892. They were plentiful enough, however, in
1894, for a single steamer to seine about a million
fish off the Kennebec during that summer, while
582,131 fish were taken in Boston Harbor in 10
days’ fishing during the last half of that August.

Menhaden were scarce again in the Gulf during
the period 1895-1897 but abundant again in 1898,
when about 7 million pounds were taken along the
Maine coast. They were scarce in 1902 (Maine
catch about 300,000 1b.); reported as abundant
again north of Cape Cod, in 1903, especially in
Boston Harbor; rare north of Cape Cod from
1904 to 1921, when odd schools were seined along
the Massachusetts and Maine coasts in some
summers, while few or none werc seen in others.
They reappeared, however, in such abundance
again in the southwest part of the Gulf in the
summer of 1922 that 18 steamers fished for them
successfully for some weeks in Massachusetts Bay,
when upwards of 1,500,000 pounds were landed by
the larger ﬁshmg vessels besides what the small
boats brought in.. And they were so plentiful at
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least as far north as Boothbay Harbor, that about
2,500 barrels were frozen there, though no large
schools were reported east of that point.

The appearance of menhaden in such abundance
in the Gulf after so many years’ absence prompted
the Bureau of Fisheries to send the steamer
Haleyon to Massachusetts Bay that August, and
her towings indicated the presence of much greater
quantities of diatoms than is usual at that season,
evidence that the fish found a better pasture in
Massachusetts Bay than in any summer since
1912, But we hesitate to assert that it was an
unusually rich food supply that attracted them
past Cape Cod. :

However this may have been, there were not
~ enough menhaden in the Gulf to be of any com-

mercial importance from the middle 1920’s to the
middle 1940’s. But so many visited Massachu-
setts Bay,in 1946 and 1947 that local boards of
health were forced to clean some of the bathing
beaches of thefish that drifted ashore from schools
netted for lobster bait. There were a good many
in Maine waters in 1948 (reported catch 145,000
pounds); ® more still in 1949, when more than
5,000,000 pounds were taken there; and about
8,000,000 pounds off Gloucester,* and when small
fry, 2-3% inches (52-95 mm.) were taken in the
Sheepscot River, December 5-11, suggesting that
some had been reared in the Gulf that year. But
this peak of abundance lasted no longer than the
peak had in the early 1920’s, for there seem to have
been far fewer menhaden in Maine waters in 1950
than in 1949, as there certainly were in Massachu-
setts Bay, where we did not chance to sight a
single school; and very few were reported.

In the years when menhaden come, they appear
in Massachusetts Bay about mid-May; off the
Maine coast during the last half of May or first
part of June. They are most abundant during
July, August, and early September, and most of
them depart from the coast of Maine by the middle
of October, from the Massachusetts Bay region
by early November; and it is unusual to find a
single menhaden along these shores after the
middle of that month, although small ones have
been taken in the Sheepscot River as late as the
first third of December.

The universal belief among fishermen, that the
Seasonal appearances and disappearances of men-
D

# Reported by Scattergood, and Trefethen, Copela, 1051, pp. §3-94,
" Reported by Scattergood, Trefethen, and Coffin, Copela, 1951, p. 298

haden in the Gulf of Maine result from a definite
migration from the south around Cape Cod in the
spring and a return journey in the autumn,
probably is well founded.

The brevity of the peaks of abundance, the fact
that they come at such long intervals, and es-
pecially the great local scarcity of young fish, are
arguments against the possibility that menhaden
are permanent inhabitants of our gulf, though a
few fry may be produced there in favorable
summers, as happened in 1949 (p. 117).

Menhaden are warm water fish, and our studies
of the temperatures of the Gulf of Maine cor-
roborate earlier observations to the effect that
they never appear in spring until the coastwise
water has warmed to 50° or more, or in abundance
until the temperature is several degrees higher,
which is in accord with Bean’s #® experience that
menhaden will not survive in an aquarium if the
water chills below 50°. No doubt, it is the falling
temperature of autumn that forces the menhaden
to leave the coasts of northern New England.

In menhaden years the fish occur all along the
shores of the Gulf of Maine from Cape Cod to
Penobscot Bay, even to Mount Desert. Their
chief centers of abundance always lie in Massa-
chusetts Bay within a mile.or so of land, partic,
ularly off Barnstable and in the mouths of Boston
and Salem Harbors; in Casco Bay; and among the
islands, thence to Penobscot Bay. But we have
never heard of them entering water that is appre-
ciable brackish, and in some years they may con-
gregate as much as 40 to 50 miles offshore, as
happened in 1878, for instance. But we have
heard no report of menhaden in the central part of
the Gulf or on the off shore Banks. The men-
haden are thin when they arrive on our coasts
in spring, but they put on fat so rapidly that
while the average yield of oil per thousand Gulf of
Maine fish was about 12 gallons for the whole
summer season of 1894, it rose to 14% gallons for
Boston Harbor fish in August, and to 16 or 18
gellons in September. It is generally accepted,
furthermore, that fish taken on the New England
coast, south or north, always average larger and
fatter than those caught farther south.

Commercial importance.—The menhaden is one
of the most important, commercially, of the fishes
of the Atlantic Coast of the United States, being
used for the manufacture of oil, fertilizer and fish

8 Rept. New York State Mus., 60, Zool. 9, 1803, p. 213.
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scrap.®® In 1946, when the catch for the Gulf of
Maine was only about 20,000 pounds, the total
catch for the Atlantic and Gulf States was 851,129,
000 pounds; the value of the catch to the fisher-
men was $7,439,573; the value of the products
made from menhaden was $18,196,573. Con-

siderable numbers are used locally on the Middle
Atlantic coast for bait. But the menhaden is so
oily that it is unlikely to become popular as a food
fish. Practically the entire catch of menhaden is
taken by purse seines and in pound nets; they
never bite a baited hook.

THE ANCHOVIES. FAMILY ENGRAULIDAE #

The anchovies are small herring-like fishes; but
they are easily distinguishable from the herrings
by the fact that their mouths are not only very
much larger and gape much farther back, but are
on the lower side of the head, and are overhung by
the upper jaw, which projects like a short piglike
snout in some species. Two anchovies are known
to occur in the Gulf of Maine; both are stragglers
from the south.

KEY TO GULF OF MAINE ANCHOVIES

1. Anal fin originates under the front of the dorsal; the
silvery lateral band is diffuse; 24 to 27 anal fin rays
............................... Anchovy, p. 118.

Anal fin originates under the rear rays of the dorsal;
silvery lateral band bright and well defined; 20 or
21l apal finrays___________ Striped anchovy, p. 119.

Anchovy Anchoa mitchilli (Cuvier and
Valenciennes) 1848
WHITEBAIT

Jordan and Evermann (Stolephorus mitchilli), 1896-

1900, p. 446. :
Description.—The only Gulf of Maine fishes with
which one might confuse an anchovy are young
herring, smelt, or silversides, but it is easily dis-
tinguished from the former by the wide mouth, as
just noted; by its much larger eye; by the relative
positions of the fins with the dorsal wholly behind

% For an account of the menhaden industr