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THE RELATION OF THE MOVEMENTS OF MACK-
EREL IN THE GULF OF ST. LAWRENCE TO
TIDAL CURRENTS.

The fishing grounds for mackerel in the Gulf of St. Law-
rence are so well defined from ycar to yvear that physical causes
must affect, in a very large degree, the distribution of the food
which attracts this fish, and either brings them to the surface or
lures them to particular coastal areas.

‘There is perhaps no part of the world where the tidal waves
and resulting,currents are distributed in such a remarkable man-
ner as in the Gulf and estuary of the St. Lawrence.

The meeting and overlapping of tidal waves of different ages,
that is to say, the tide of to-day meeting the tide of twelve hours
ago, and producing a double overlapping tide, is of rare occurrence,
and is due to the configuration of the sea bottom conjointly with
the relative positiou of islands and neighbouring coastlines.

Northumberland Straits and the north shore of Prince Edward
Island afford the most remarkable instances on the American conti-
nent of the meeting of tides of different ages, and it can scarcely. be
doubted that the long and continuous line of inshore eddies, pro-
duced in a large measure by this singular confluence, conjointly
with the low temperature resulting from the mixing of cold
underlying, with warm surface, sea-strata, is the chief cause why
mackerel fishing grounds should be there so close inshore with
such undeviating constancy.

¢¢. THE PRINCE ELWARD ISLAND DOUBLE TIDF.

The tidal wave cntering the Gulf of St. Lawrence between
Cape Breton and Newfoundland rushes with great rapidity along
the edge of the bank forming the boundary of the sixty fathoms
line of soundings. v

It sends off lateral waves towards the Straits of Belle Isle,
and towards Prince Edward Island, while the main wave, follow-
ing the deep water at the edge of the sixty fathoms line of sound-
ings, pursues a rapid course towards and.up the Lawrence estuary,
and reaches Cape Chatte and Point de Monts precisely at noon
on the days of full and change of the moon.

Regarding for the present, the lateral wave which strikes off
towards the south-western portion of the Gulf, we find it split
into two portions by the Magdalen Islands; one half, namely the
eastern part, sweeps past the shores of Cape Breton and reaches
the cast point of Prince Edward Island at 8 hours 30 minutes,
Cape Bear at 9 hours, and the middle of the straits opposife
Hillsboro Bay, at 10 hours. Here it mects a flood tidal wave
coming down Northumberland strait from the north-west, but this
wave is not the other half of the wave which was split by the Mag-
dalen Islands two hours before, it isthe tidal wave twelve hours
old which bas been delayed in its detour round the north part of the
Magdalens and over the shallows of the Bradelle and Orphan
Banks. A line drawn through the Magdalen Islands, Roche’s
Point and the mouth of Hillsboro River in Prince Edward
Island and Wallace Harbour in Nova Scotia, will pass through
the places where the overlapping of the confluent tidal waves
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takes place, at the full and change of the moon, near the shores of
Prince Edward Island.* Admiral Bayfield, who first discovered
this meeting of waves of different ages on the coast of Prince
Edward Tsland, describes with some minuteness this remarkable
phenomenon.

*“The principal tide wave after entering the Gulf between Cape DBreton
Island and Newfoundland, sendz off, laterally, waves to the souih-wext. on
eitherside of the Maadalen Islands,

“ The first of these, the eastern wave, enming from between those Islands
and the western shore of Cape Breton Island. arvives at the eastern entrance
of the strait soon after S o’clock, and proceeds to the westward, making high
water later in=uccession fronm east to west as far as Pictou, which it reaches
at 10 hours. At the sntne nominal hour, but 12 hours Iater, the other or weat-
ern wave arrives nt Cape Tormentine, having heen retarded by the long detour
which it has taken to the northward and westward of the Magdalens, and by
the great extent of compnratively shallow water which it has passed over in
its subsequent progress to the south-west,

¢ This wave makea high water later in suceession at places along the east-
ern coast of New Brunswick az we proceed to the southward, and after enter
inge the straits from the north-west tu svuth-cast, contrary to the conrse of the
cther or eastern wave, .

“Thusitis high water on the full aud change of the mo.n at Miscouat ahout
two and » half hours, at Point Esciminac and the northern point of Prince Ed-
ward 1slaud, forming the western entrance of the strait soon after 4 hours;
at the western piint of Prince Edward Islaud at 6 hours ; at Shedinc at 8 hours
und at Cape Tormentine at 10 hours,

*When, therefore, the enstern wave arrives between Pictouand the Wood
I~lamds, the western part of the preceding tide wave arrives between Cape Tor-
mentineand CapeTraverse. They then meet nnd combine to make high waterat
the same hour, namely, 10 hours, or & little later. in the harbours all over the
central portion of the strait from Picton to Cape Tormentive, causing also an
amount in the rise of the tides everywhere. more thaun double, amd in some
of the harbors. nearly three times as great as that which oceurs at either
entrunce of the strait,

* The eastern flond-strenm enters the strait from the north-east, runningat
the rate of twoand a half knots round the eastern point of Prince Edwid
1slanil, but is much weakerin the « fliug and over townrds the southern shore, It
runs vound Cape Benr, and withan inereasing rate along the hind to the west-
ward is strongest in the deep water nenr the lnnd. and runs at its extreme rate
of three knots eluse puat the Indian Rocks and Ritlemnn’s Reef. Losing strength
as it proceeds farther to the north-west it is quite o weak stream when it meets
the other fload-sireant off the Tyron Shuals.  This eastern flood-stream is not so
strong alonge the southern or Nova Scutia shore unless it be in Caribou Chan-
net fur o short space near Caribou Reef. and itis weik, not generally exceeding
ladt s knot in the middle of the strait,

The other or we: tern lood-stream comes from the northward along the
western const of Prince Edward lsland, sweeping round West Point and run-
ning strongest in the deep water near West Reef where its rate is two avd a
half knots. Over towards the New Brunswick shore its rate seldom exceeds
ono wd o hatf knots, and this isits average speed as it pursues its course to the
sonth-enst until near Cape Tormentine, where the strongest part of the stream
runs near the Jourimain Shoals, and thenee to the southward, round and over
the dangerous Tormentine Reéfs with a great ripple and at the rate of three
knots.

 Fram this aceount of the tidal streams it appears that a fast-aiiling ves-
sel under tavorable circumstances might enter the strait with the tlood, and
arriving at Cape Tormentine soon after;high water, might there take the ebb
and thus have the strewm with her with but «fight iuterruption fron: one emdl
of the strait to the other,

« Or u vessel with a beating wind might so time her arrival at the same point
aa to be able to continue hier voyugme in the same direction with the ebb.” (1)

Admiral Bavfield is of opinion that these waves of different
ages, onc being 12 hours younger than the other, meet on the
north side of the great Bight of Prince Edward Island, between
"I'racedie Harbor and Savage Harbor.  On the Admiralty charts
this locality is designated by the words ¢ Tides Meet.”” The cur-
rent is inshore towards this point, both from North Point and
East Point, and the cHect of the indraught is to determine to-
wards the coast line the floating or free-swimming food of the
herring and the mackerel. The great Bight formed by the con-
cave northern coast line of Prince Edward Island, is the result of

1. * Sailing Jdirections for the St. Lawrence.'— Buyfield,
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ages of action on the part of these confluent tidal waves drag-
ging along the sloping beaches, and washing away the resulting
debris from the sandstone rocks, of which a large part of this
coast line is composed.  The ceaseless operation of these forces
is thus manifested in the wearing away of the shores most sub-
ject to their influences.  (Sce diagram.)

b. TUE EPLY FLOOD TIDE IN THE ESTUARY OF THE ST.
LAWRENCYE,

According to Admiral Bayfield, the flood tide in the estuary
of the St. Lawrence, beginning at Anticosti and proceeding some
miles above Bic, rushes up the broad Mid Channel as far as
Red Islet and Green Island, where part of it, being obstructed
by the Islands, turns round and, as an eddy flood tide sweeps
along and down the southern coast as far as Gaspe Basin, only a
thin and narrow band of flood tide running upwards between
the eddy flood and the coast line.

On the days of full and change of the moon, it is high water
at noon both at Point de Monts and Cape Chatte, and high
water later and later down the coast, so that at Cape Rozier it is
1 hour, 30 minutes before it is hizh tide there.

In other words, the flood tide rushing up the deep mid
channel between Cape Rozier and Anticosti Island, passed up
more than an hour and a half before the eddy flood tide returned
coastwise to Cape Rozier.

Bayfield states that there is a very narrow flood tide close in-
shore running westerly along the Gaspe coast inside of the eddy
flood. ‘These currents moving so coustantly in opposite direc-
tions and close inshore, tend to produce the continuous line of
eddies which cause the free-swimming food of the mackerel to be
found near to the land, and make that portion of the estuary a
mackerel ground.

On the north shore of the estuary, between Mingan and
Point de Monts, the periods of high water at full change of the
moon are altogether different.  The tidal wave reaches Mingan
Island at 1.30, Seven [slands at 1.40, Cawee Iskind at 1.50,
English Pointat 2, and a few miles further on it mcets the ebb
tide two hours old sweeping past Point de Monts

The flood tide on the north shore is only about 3 leagues
broad. The strength of the stream is greatest inshore, and be-
yond 3 leagues from the coast it becomes insensible. (1)

The eddies produced in the bays between Moisie and Point
de Monts by this inshore food tide throw in und keep the food
near the coast line.

Hence it is that the flood tide on the north shore flowing
westerly, und the eddy flood on the south shore flowing casterly,
with a thin belt of westerly flowing flood between it and the land,
produce inshore eddies, which concentrate the free swimming food
of the mackerel, hereafter described, on these coasts.

The strength of the current in deep water oftshore, on the
south coast of the estuary of the St. Lawrence, is stated to be suf-
ficient to prevent fishing operations there, thus offering a practical
difficulty, which is repeated on some parts of the northern shore
during high tides.

In the Bay of Chaleurs, where the “tides are regular, the
mackerel ground of the day depends upon the wind. A south-
erly wind converts the south side of the Bay into a lec shore, and
the fish are found chieflyon that side, especially towards Nepissiguit
Bay.  When the wind is northerly the Gaspe coast becomes a lee

(1) Suiling direetions for the St. Lawrence.
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shore, and the fish- are chiefly found:between Bonaventure Island
and Paspebiac, and. on’ towards Cascapedia Bay. It has.already
- been observed- that' m'lckerel and 'surtace feeders.generally, swim
" with- open-mouths against the wind and tide. The cause-which
brings the mackerel- from the south shore tothe north shore, arises
from the fact that in the natural pursuit of their surface food
‘against the wind they are brought up by the land, and finding
food in the tidal eddies-there, they pursue their course inshore
against’ the tidal currents, until a change in the wind induces
them to cross again to the opposite shore, where similar. condi-
tions prevail.

On the Gulf coast of Cape Breton- the set of the currents’is
oftentimes inshore, and is described by. Admiral Bayfield as given
in the footnote (!). The influence exercised on .temperature
strata will be noticed subsequently. ’

1. * At Cape Linzee 1} miles northward from Port: Huod, the west const
of.Bretun Island trenda away to the north-east by enst, contivuing in that
direction to Cape St. Lawrenco a distance of 73 milos without oither harbour
or sife anchorage for ships. The geueral character is high and wold, the dan-
gers being few mid close insliave, but it is nevertheloss n dangerous conat
to be near in Autumn or early Winter, when the prevailing north-west winds
send in a heavy sea and the set of the currsnt is often in the samne direction.
The swell frequently precedes the wind by many hours, and, as there is no good
holding grouund, becomes dangerous tu vessels canght close inshore. Even
with a smooth sea and in fine Summer weather, vessels are set in towards thia
coast. an effect whicli seems to s due sometimes to the general current from
the north-west coming from between the Magdalen<and Prince Edward Island,
and at otber times to the direction of the ebb-streamnr from the Strait of Nor-
thumberland inclining towards these shoves.

¢ These stroams being inconstunt aud irregular, hoth io strength and direc-
tion, are therefore the more dangerous and vequire the wmore to be guarded
agninst. In the Summer months, however, the rate of the current or tides
will uot be found to exceed one knot even elose inshore; excepting round
Cape St. Lawrence and Cape North, where it sometimes runs at the rute of 2
or 3 knots, causing & heavy, breaking sea. Its directicn for three-fourths of
the time is from the westward. This appears to be due to the cumbined action
of the current and ebL-tide predominating over the tlood stream from the north
east, so as to render it nearly imperceptible, excepting at or vear the Spring
tides.

" “Thera is no doubt that winds present, or at a distance, also influsnce these
strenms, &s they have been observed to do'in all parts of the Gulf.”
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IIL.—THE FOOD OF THE MACKEREL.

@. 1IN EUROPEAN S3EAS,

¢ Mackerel mint” is the popular name given to the chief food
of the mackerel in European seas. During certain seasons of the
year this consists of Launce and the fry of other fish, especially
of the Herring and Sprat.

According to Boeck, the Danish naturalist, the food of the
Mackerel during the Summer months consists of minute crus-
taceans, which frequently give a distinct colour to the sea.

The mackerel feed also in these seas on the swimming larve
of tape worms.

They also devour large qmntmes of the embryos of a. small
spiral shell, (Rissoa) which in its adult state is found in great
abundance upon sea weed. Similar food has been detected by
Mr. Whiteaves in the Gulf of St. Lawrence (1)

b. IN AMERICAN WATERS.

The Britt, or “eye-bait” of the Canadian and American fisher-
men was formerly stated by Dr. Storer to be the fry of the small
herring (Clupea minima), it is now supposed to be the fry of the
common sea herring. It appears to be, generally, the first food
upon which the mackerel feed when approaching the Atlantic
coasts in Spring from their Winter haunts confronting the coast
line where they first show themselves. The fry of the sea her-
ring, either from Spring spawning schools or Autumn spawning
schools appears to be enormonslyabundant some distance seawards
in May and June, but varying in size from an inch to four inches
in length, according to the age of the fry, whether hatched in the
Spring or in the preceding Fall.

James de Kay in the ¢ Zoology of the State of New York,”
also describes the ¢ Britt” as « Clupea minima.” He states
that the fish has a length of from one to four inches.

The length of the head is one-fourth the length of the body
and the diameter of the eye is equal to onc-sixth the length of
the head, or one twenty-fourth part the length of the body. Per-

haps from the largely developed eye, the *¢Britt” isstyled by the
American and NovaScotian fishermen the mackerel ¢ eyebait.”( ?)

But the movements of the mackerel like those of the cod, and
indeed of most species of fish, are determined at different seasons
of the year by the geographical position of its food, and the frst
important kind of food which appears to lure the mackerel inshore
after spawning in the Gulf of St. Lawrence, is the Launce or
Sand Eel.

The relation of the Launce or Sand Eel ( Ammodyles Ameri-
canus) to the mackerel, is very much greater than appears at the
first blush, and resembles the relation of the herring to the cod, in
general, and, in particular, the relation of the so-called Norwegian
¢« Sull Cod” or Launce Cod, to this wide-spread and important
bait-fish. The approach of the Launce to the coast in Spring is
most ":robably the cause why the so-called Spring cod fishing

1. Report on a second deep sea dredging expeditinn to the Gulf of St.
Lawrence—1872.

2. Rev.J. Amlrose—On St. Marguret's Bay fishing grounds—N. S. Insti-
tute of Nutural Science, 18G6-7.
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suddenly ceases on many banks and shoals, commencmg again at
different localities two and three wecks later.

The cod leave the banks and shoals to meet and to follow the
Launce as they approach the coast.  In the same manner they
meet and follow the Caplin, guided no doubt by the peculiar odor
developed by each species at the approach of. the spawning sea-
son. \

But it is the habit of the Sand. Eel of burying itself in the
- sand between tides, or in submerged sand beaches, that leads the

mackerel so close inshore, ) :

_ The Sand Launce, as its name implies, often sccks during the
early summer, widespreading and ‘soft sandy beaches, and where
these are abundant and other conditions favorable, it lingers for
months on the same part of the coast.  Dr. Fortin states in his
report for 1856, that between Seven Islands and Mingan the
Launce appears in the Spring and remains until the Fall.

‘The fact of this fish burying itself in the sand to the depth of
five or six inches during the ebb tides, is one reason why mack-
erel, and many other fish, are caught inshore during the flood-
tide.  They come in to feed on the emerging Sand Launce, as
well as upon the hosts of other and lower forms of life whose
burrowing habits between tides are similar to those of the Sand
Launce. .

Perley states that it is very abundant on the norta shore of
New Brunswick.(') Here there are, as on the north shore of
Prince Edward Island, very extensive sandy flats ‘suited ‘to the
peculiar habits of this fish. Dr. Carpenter describes the Sand
Launce of the British seas as burrowing in the sand to a

~depth of six or seven inches during the time that it is left dry by
the ebb tide. )

But it is not the mackerel alone among surface feeders shich
pursne the Sand Launce with eagerness, it is-also a favorite food
of the herring. _

Prof. Huxley in his ¢ Natural History of the Herriug > embodied
in the ¢ Report of the Royal Commission on the operation of the
acts relating to trawling for Herring- on the coast of Scotland’
states that « the food of the Herring consists of crustacea varying
in size from wmicroscopic dimensions to those of a shrimp, and- of
small fish, particulirly Sand Eels, while'in the Matic (fatj condi-
tion they feed voraciously and not unfrequently their stomachs
are found immensely distended with crustacea and Sand Eels in-
more or less digested conditions.”  Again, “any circumstances
which increase or decrease the quantity of crustacea and Saund
Eels, for example, must influence in a direct ratio the chances of
existence of a multitude of Herring, etc.”

‘The Sand Launce is essentiallya cold water fish. Dr. Theodore

Giil gives the range of the American species from Newfoundland
to Cape Hatteras, but it is not included in the Report for 187112,
except doubtfully in one case, as having been found in the stom-
achs of fishes taken off the New England coust and south of New-
England, and examined by the ofticers of-the United States Com-
mission of Fish and Fisheries. '
- * The list includes thirty different species of fish whose stom-
achs were examined, including the mackerel and the herring, and
all the important food fishes. But the only reference: to what'
may have been the launce is described as a long slender fish(Am-
modytes) found in the stomach of the common skate.

(1) Ins found everywhere on the coast of New Brunswick and Nova
Scolm chiefly on beiaches under stopes, — Porley — Descriptive Catalogue: of
the Fishes of New Brunswick and Nuva Scotia. :



-~
‘

On the coasts of Newfoundland, on the Grand Banks and
throughout the entire Gulf of St. Lawrence the launce is excced-
ingly abundant. ' -

The launce is found in spring, or early summer in some scas,
in the neighborhood of banks and shoals remote from land, as is
also the sprat in Europe and the “ brit,” ¢ eyebait,” or small
herring'in America.  Prof. Sars has given a detailed description
of the mauncr in which the approach of vast schools of youug
herring to the Norwegian shore in summer, not only attract the
large cod. and many other fish from the decp sea towards the
shore, but also draw the yearling and two year old cod from the
shore to incet the incoming schools.

~ There can be little donbt that a similar indraught and out-
draught of mackerel and other fish occur in our waters when the
launce leave the deep sea to approach the land, or when they re-
turn to the deep sea again. Unlike many of the shrimps and
larval forms on which the mackerel feed, which are dvilted too
and fro by winds a1d currents, the launce is independent of the
wind, but it is only in certain favourable localities frequented by
this fish, that the burying process between tide-marks from which
it derives its name, can be easily effected, hence these resorts ure
not only valuable as bait grounds, but generally noted mackerel
grounds, such as Seven Tslands and some parts of Bay Chaleurs
and part of the Gulf coast of New Brunswick.

This baitfish. approaches the sandy beaches fringing the
shores of the Gulf ju the early summer months to spawn, and
here the mackerel are found pursuing them while engaged in de-
positing their comparatively large reddish coloured ova on the
sands between high and low water. Hence during flood tide
and in the launce season, mackerel arc commonly taken close in-
shore on these coasts, in pursuit of the launce, and the best catchies
are said to be made during the period of high tide for the following
reason :-——In dull, cloudy weather the lwunce buries itself in the
sand left bare by the ebbing tides, but in bright, hot weather it
rarely secks the shelter of the sands except near low water mark,
probably because the heat of the sun would be oppressive. ‘L'he
breadth of sandy ground in which the launce buries itself for the
brief period between high and low water marksis thus dependent
upon the clearness of the sky.

A continuance of cloudy weather is conducive to this kind of
close inshore fishery, whereas a bright sky and a day with a dry-
ing wind, leads the luunce to select the nurrow bands of sandy

_beach near the margin of ebb tide, which always remains moist.
In cloudy weather with a moist wind the areain which the launce
bury themselves and emerge during the incoming tide is thus very
much greater than in bright, hot weather,and it is not unfrequently
found by experience, that the mackerel catch in such loculities, is
much greater in cloudy weather than in bright weather, because
the bait ground is then far more extensive close inshore.

As the summer advances and the lauuce retire to deep water,
the mackerel feed upon the free-swimming and floating embryon-
ic forms of crustaceans; among the latter the zoea of different
forms of crabs, are the most common. Adult shrimps of many
specics form also a large portion of their food, and the infinite
numbers of these forms of life which cxist in the sea, from the
_ coast line to-a thousand miles fromn land, may be inferred from the

fact, that together with fish, they form the great staple food of seals
in northern seas.

Dr. Robert Brown states that during the scaling scason in

Spitzbergen seas he has taken out of the stomachs of scals various:
species of Gummarus, (G. sabini ; G. loricatus: G. pinguis;
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G. dentatus; G. mulatus, €ec.) collectively known to whalers
under the name * mountebank shrimps,” deriving the designa-
tion from their peculiar agility in water. (11 -

These small crustaceans are found in countless numbers on the
great outlying banks off the North American Coast, and in' the
Labrador seas they are also in great profusion

It is of especial importance to notice that very many, if not all
of these frec swimming creatures in the sea, from invisible micro-
scopic forms to the largest shrimp, sink to different zones of water
or rise to the surface with variations in temperature, and chaunges
in the direction and force of the wind. In fine weather where
the food is at the surface, the mackerel, the herring, and other
surfice feeders swim open wmouthed against the wind,  Dr.
Brown states that the great Rizhe while and most of the
whale species feed in a similar manner. The Right whale feed- -
ing, swims leisurcly at the rate of about 4 miles an hour, Mack-
erel when feeding, comz often by millions, like a swiftly moving
ripple on the water, with eager staring eyes and mouths distended
to entrap the floating prey. Many of the free swimming Ptero-
peda are active only during the night-time, sinking during the day
to a certain zone of depth.

The effect of currents and tides, assisted by winds, is to drive
these free swimming forms towards the different shores and into
land locked or sheltered Bays. On the shores of the open sea,
a continued land breeze drives them far out to sea, and the fish
following them will be lost to view. Off the coast of the United
States the mackerel ground is not unfrequently found near the
summer limit of the Gulf strcam, where wide spreading eddies
prevail, caused by the meeting of the great Labrador current flow-
ing in an opposite direction, or the surging up of the Arctic under-
flow. 1n these vast eddies the tcmperature is greatly reduced
by the mixing of almost ice-cold water from bencath with a
warm over-lying stratum.

It is here too that the free swimming muckercel food will con-
gregate, sometimes at the surfuce, at other times at different
depths, dependant upon the temperature of the mixed waters.
In the vicinity of the south edge of the Grand Bank of Newfound-
land, the line of contact between the Arctic and the Gulf streams
is sometimes very marked by the local currents, which ¢ boil and
form strong cddies.” (2) The line of contact of the two great
cold and warm currents is continually chanzing for hundreds
of miles with the varying seasons, and under the influence of
winds, hence also the changes in geographical position and in the
depth or zone of the the open sea mackerel grounds.

Inshore, the floating and free-swinming food is drifted too
and fro by winds and tides, and great accumnulations arc sometimes
thrown up upon the beaches in windrows after storms. This
floating and swimming-food gathers in eddies, either necar the
coast line or at the junction of opposing tidal waves or currents.
Hence, alongshelteredand embayed coasts, confronting the open
sea, in the vicinity of Banks, where great tidal currents and eddies
are formed, or in the Gulf and Estuary of the St. Lawrence, where
- two opposite’ and wholly different tides, dragging along the coast-
line, approach to meet, there will be the mackerel ground of thc
fishermen, but not necessarily at the surface.

‘In Professor Verrill’s Report on the ¢ Vertebrated Anzm(zls of
Vireyard Sound™ it is stated that the stomachs of Mackerel taken
July 18th twenty miles south of No Man’s Land, coutained

(1) ¢ Onthe Seals of Gresnland.”—Dr. R. Brown.
(2) Sailing Directions.
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shrimps, Zhysanopoda; sp: larval Crabs in the Zoea and ﬂ[ega-
lops—stages of development, young of hermit crabs, Platyonichus
ocellatus, young of two undetermined Macroura, numerous
small Copepod Crustaceans, and numerous shells of a Pleropod,
Spirialis’ Gould:ii.”

The winged Pteropods, noticed at the close of this paper, very
probably form an important part of *Mackerel food, as they sink
and rise with changes in the temperaturc of the zone or sheet of
water in which they are feeding. The usc of the thermometer may-
become of great practical importance in determining the zone of
depth in which the fish are pursuing their free-swimming food.
This instrument is now largely used by the Datch in their her--
ring fishery.
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III ~—THE APPEARANCE OF MACKEREL IN THE GULF
: OF ST. LAWRENCE., 1)

The mean temperature of the season governs the time of
the appearance of mackerel at the surface in different parts of
the Gulf, and in this respect it follows the same law which
guides the movements of all kinds of ﬁsh and marine life in
these waters,

That the mackerel spends the winter months in a torpid
- condition near to the locality where the schools first show them-
~selves on the coast has already been adverted to. (See page

70-80 Part 1) The “scale,” or film over the eye, often noticed
by fishermen on the Atlantic coasts of the United States, Nova
Scotia, Cape Breton, in the Gulf of St. Lawrence, and on the
Newfoundland coast, with the alleged resulting partial blind-
ness of the fish on its first arrival, coupled with the fact already
noticed that it is taken in the winter from muddy bottoms, is
strongly suggestive of a winter habit of torpid hybernation, pos-
sessing greater or less duration according to the marine climate
of the region where the fish is found.

The following curious notice of the habits of the mackerel
occurs in Shaw's “ General Zoology or Systematic Natural
History,” published in 1803. The four disputed points in rela-
tion to the natural history of this fish ave there asserted, namely
its local habits, its torpidity during hybernation, the filin over
the eye and the fact of its being partly imbedded in the soft
mud or sand during its winter sleep.

“ This long migration of the Mackerel, as well as of the
Herring, seems at present to be greatly called in question ; and
it is thought more probable that the shoals which appear in
such abundance round the more temperate European coasts, in
reality reside during the winter at no very great distance;_im-
mersing themselves in the soft bottom, and remaining in a state
of torpidity from which they arc awakened by the warmth of
the returning Spring, and gradually rccover their former acti-
vity. At their first appearance their eyes are observed to
appear remarkably dimn, as if covered with a kind of filin,
which passes off as the season ndvances, when they appear in
their full perfection of color and vigour.’

James de Kay notices in his “ Zoolo of the State of New
York,” the fihn covering the eye of the Ma,ckere] when first it ap-
pears in theSpring of the year. He considers it tobe a nictitating
membrane, or third eyelid, similar to the nictitating membrane

(1) Mackerel fishing with the ook cummenced in the Province of Nova
Scotin about the year 1S21, und was prosecuted with great success frow some
of the harbors in the Bay of Fundy. (2) Abcut the year 1847, mazkerel were
very abundant in the vicinity of Sable f3land, and the Fisheries Committee
of the House of Assemuly urged the gmnting of a bounty to all vessels en-
gaged in the deep sen Mnckerel Fishery, which was not adopted by the House.

Thie export of mackere! from the Port of Ilalifax during the years 1839 to
1846 inclusive, show that considerable attention was given to this Fishecy on
thie coasts of Nova Scotia thirty years ago. (8)

YEAR, XO. OF BARRKLA.

1839
1840....
18¢1....
1842
1843....
1844....
1845....

1. Journal and Procoedings of the House of Assembly of the Province of
Nova Sentia, 1857, Appendix No, 75.

2, Ibhid.

3. Inspected.

*Of this Count de Cepede adduces the testimony of an eye-witness;
viz., Mons. Pleville le Peley, who, about tilo Cuusts of Hudsons Bay observed
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found in birds, in some reptiles, and amphibians. But de Kay
makes a distinetion between the Spring Mackerel and the Fall
Mackerel. He does not notice a nictitating membrane on the
so-called Fall Mackerel, which is now known to Le of the same
specics as the so-called Spring Mackerel. In seas which are not
ice-encumbered, the winter torpidity may be of very short dura-
tion ; in ice-encumbered seas it may extend over several months.

In this particular the Mackerel resembles the Sturseon of
the Caspian Sea, whose torpidity during winter is well-known,
and this winter sleep is not confined to these fish but is probah-
ly much more general than is commnonly supposed. Some fish-
crmen assert that the Mackerel-caught late in the Fall, and
even carly in the Spring, are covered with slime, but this requires
confirmation. The skin which forms over the eye is probably
designed to protect that organ from the attacks of the numer-
ous parasitical crustaceans and leaches which infest the external
portions of the bodies of fish and are also found internally, as
in the gills of Codfish. According to Carpenter the Lernea is
not unfrequently found upon the eyes as well as in the gills of
fish.

The Sturgeon of Rainy River and of the Lake of the
Woods is covered in the carly Spring with a thick mucus or
slime, which appears to serve as a protective covering against
too rapid respiration and consumption of the substance of its
own body, during a long period of torpidity. The Tautog on
the coasts of the United States is stated not only to be extreme-
ly sensitive to cold, but at the approach of the time of hyberna-
tion the vent becomes sealed and the fish is thus prepared for a
minimum consumnption of its own fat during its winter sleep.

The subjoined notice of the torpidity of the Tautog and the
Seup, by Capt. Atwood, will be found on page 212 of the U. S.
Commissioner of Fish and Fisheries Report for 1871-72. ¢9

the mud at the bottom of the small clear linllows, enerusted with ice ronnd
those cunsts, eptirely Lristled over by the tails of mackerel imbedded in it
nearly thres parts of their lengih.

(1) In the American Angler's Guide, page 178. in the article on Tautog or
Black TFish, it is remarked: “‘the Black Fish abounds iu ‘the vicinity of
Long Island, and is & stationary inhabitabt of the salt water.”

> He inay le kept for a long tine in ponds or cars, and even fatted there.
When the colil of winter benumbs him, he refuses to eat any moore, and 8 mem-
brane i8 vbserved to form over the vent and cluse it."

** He begins to regrin appetite with the return of warmth in the spring.”
(179.) ’

Now we know that Teutog hybernate among rocks near the coas and in our
livers, and it hasbeen stated by Mr. L. Tallman or Mr. Daniel Church that
sone years ago, after a very cold soap. not only many Tautag were washed
ashore frozen stiff, but afterward quantities were also found dead among rocks
off the const.,

I, during the winter, they don't feed as stated above, and this membrave
closes them up, the conclusioa must be that they remain in a state of torpor or
sleep luring cold wenthar.

Now it happens thut the Scup, when firs: taken by traps, are in a state of
torpur: they peither eat nor have any passave. It is probably serled up like
the Tuntog, and soihing iu ihe shape of food is to be found within them
S»me say they are blind, and they seem hardly able or willing to move.”

The inference, then, is, that the Scup have also been hybernating witkin a
short distance from the coast, in the same state as the Tautog. This mould
account for the stray Scup mentioned by Mr. Southiwick as having been-:“ca-
sioually found in March. A warm day wakes him up, and he visits the shoro
for & day or so. and then returns. To my mind, this is a more reasongble way
of acconnting for his piesence than to assume that Le has been left behind,
If these facts are aa stated. it is to be presumed that Scup are alocal fish, and
do not leave their localities any more than Tautos, about the propriety of the
classification of which as a local fish there is uo question.”

(2). The following brief description of the winter sleep of the Sturgeon by
Alexandef Schultz, in his aceount of the Fisheries and Seal-hunting in the
White Sen, the Arctic Ocean and the Caspian, is both instructivé;nyd sugges-
tive:— : s

* A very peculiar phenomenon in the Ural is the winter sleeps of fish, espee
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The writer was informed by one of the officers of the Hud-
son Bay Cowpany, that salmon trout on the North Eastern
Coast of Labrador lic packed in large numbers close together
throughout .the greater portion of the winter, in deep holes,
in the rivers flowing into the sca on that coast. But whether
they are in a torpid ‘condition with a temporary physical altera .
tion in their form, does not appear to be as yet known.

The Mackerel regularly appear at the Magdalen Islands in
the Gulf of St. Lawrence about one month after the first arrival
of the herring. The time as far as observed during 1861 to
1866 jnclusive, 1871 and 1873 to 187G inclusive, varied from
the 30th May to the 12th June.

The following table shows the dates of the first appearance
of the Herring and the Mackerel at Pleasant Bay during the
years named. The authovities are to be found in the official
reports of ofticers engaged in the protection of the Fisheries, in
Capt. Fortin's Reports, and in other published documents re-
lating to the Canadian Fisheries in the Annual Sessional papers.

In Captain Fortin’s Report for 1853, Herring are stated to
have arrived about the 1st of May of that year, and the Mack-
erel Fishing to have been nearly finished on the 7th June.t!

TABLE SHOWING THE PERIOD AND THE YEARLY DIFFERENCES IN
NUMBER OF DAYS BETWEEN THE FIRST APPEARANCE OF THE
HERRING AND TRE MACKERFEL AT THE MAGDALEN ISLANDS,
FROM 1857 10 1876. b

e, |19 Avipime of i 1 At of th D

1857 | May Tth June 1st 23

1859 | April 20th ... .. ... .. g

1840 “  28th June lIst 32

1861 May 1st e

1862 “ 2nd ' June 4th 32

1863 “ 1T7th “ 12th 25

18G4+ “ 1st « Gth | 35

1865 | April 27th May 30th P32

1866 “ 25th “ 20th | 33

1867 | May 7th June 2nd 26

IS6S (..o e

1869 |. .o e e

1870 | April 15th ..ot

1871 | May Sth May 3l1st 23

1872 | 3id June20th  |...... Mackerel three
1873 | -April 27th June 5th 38 | weeks later
1874 | May 2nd “ Tth 35 | than usual—
1875 “ Gth “  Sth 32 | much ice, @
1876 “  5th “  Gth 31

“On the 31st May I went inside Amherst Harbor and board-
ed twelve vessels engaged in mackerel fishing.” Report of
Capt. L. H. LaChance, commanding the Marine Poliee Schooner
“Stella Maria.” Dec. 1871. Sess. Papers 1872, page 138,

The Mackerel must have been in the vieinity of the Magda-
lens during the last week in May, in'1871, and fishermen were
then taking Mackerel simultancously farsouth and far north, or
in Martha's Vineyard, south of Cape Cod, in latitude 41° 20',and
Amberst Harbor, Magdalen Islands, in latitude 47° 20°, or six
degrecs of latitude apart.

cially of the Sturgeon. From the end of June, differeut kind of Sturgeon, as
well as scaly fislh, cone to the Ural for the second time.

« For some time they can bo seen swimming and playing in the stream, but
as soon as the water grows cold this vivacity - disappears ; they seek the deep

1. MSS. iu French —not printed,
2, Canadian Sessivnal Papers. Reports of the Fishery Officers.
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Tt will be seen from ‘the table that gencrally when the
Herring were carly the Mackerel were also early, and when the
Herring appeared late, the Mackerel also were late.

In 1872 the Herring came in on the 3rd of May, but owing
to the prevalence of ice, the Mackerel were three weeks later
than usual inshore. With this exception the greatest difiference
between the recorded - times of the appearance of these fish in-
shore was thirty-one days or about one month.

In all instances the -large Mackerel are generally full of
spawn when they are first seen in the Spring, and the young
fry are observed a few wecks later in many parts of the Gulf.

It will be observed that in the year 1871.the Mackerel were
first taken at the Magdalen Islands on the 31st of May,and in
1872 they -were three wecks behind their usual time. A simi-
lar difference in point of time in the first appcarance of this fish
on the coast of Massuchusetts occurred during those years. On
that coast the following differences are vecorded

WAQUOIT, MASSACHUSETTS!)
STl April 25th.
IST2.. .o, May 10th.

Difference in time—15 days.
"MAGDALEN ISLANDS.
A871. ... ... ... . May 3lst.
1872, ..o June 20th.
Ditference in time—21 days,

"At the Waquoit Weir the earliest Mackerel would probably be
taken in 1871, At Amberst Harbor the Mackerel vessels were ae-
tually engaged in fishing, (See L. H. LaChance—Report of the Ma-
rine Police Schoouer “Stella Maria,” 1871.), so that the fish
must have been present in small numbers perhaps some days
before the fishing began, and we ay conclude that the differ-
ence in time between the arcival of the schools at the two
places in 1871 and 1872 was very nearly the same, and due
solely to local variation in marine climate.

Referring now to the consideration of the diffurence in the
temperature of the waters through which the Mackerel would
have to pass if they made the vemarkable migrations from New
Jersey or Massachusetts waters to the Magdalens in the wonth
of May®) it must be borne in mind that thesc supposed migra-
tions involve a jowrney fron war coastal waters to cold seas,
and as the mackerel are known to spawn not only in Massachu-

places (* yatoves®) in wlich the bed of the river abounds, aud hide there as
soon ns the bed of the river is frozen. In their state of torpor these fich
secrete u viscous matter, which forins a thin luyer over their whaole body. The
fishermen call this the ‘clonk”’ of the fish. This toipor or sleep of the fish ie
cansed Ly sevare cold and want of air under the water. and is therefore a con-
sequence of the excessive weakening of the respiration.

* The fish eat nothing durivg this state, for nothing is found in their stom-
aohs but viscous matter, spoken of above. Thy greut Sturgeon alone (A cce-
penser huso) seoms to take food during bis winter sleep, fur sonie hutve been
caught baving scaly fish in their stomach.

*The duep places or * yotoves’ of the Ural are from 7 to 8 saques (49 to 50
feet) deep, aud the fish there pile themselves upon each other in thick layers.

+ Accordinz to the accounts of experienced fishermen, Sturgeon there nsso-
ciate only with Sturqeon, and sealy fish with their vwu kind—never inter~
mingling. The Sinitse (Abramis Bulleries) is thie only scaly fish whick las
been found among the Sturgeon. e

“Watchwen posted near the ‘yatoves,’ every oue of which has its own
uame, notice exactly in what quantities the fish seek refuge there, and of which
kind <he fishing will be most productive. These watchmen develop a most
astonishing sagacity in this respect”

(1) Report of U. S. Commissioner of Fish and Fisherics, 1871-72,

(2) While the mean recorded date of the appearance of the Muckerel at
the Magdalen Islands is the 8rd of June, recording to the preceeding table, they
were tuken there ob the 0th May in 1865, on the 29th May in 1866, and on the
3lst May in 1§71,
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setts Bay, but also about Prince' Edward Island, the Magdalens,
in the Bay of Chaleur, and in the Bay of Notre Dame, New-
foundland, it follows, if the alleged migrations have any foun-
“dation in fact, that the same schuols of this fish spawn during
some seasons in the comparatively warm coastal waters of Mas-
sachusetts, in other seasons in the ice cold. waters of the Gulf,
and become an exception to the general rule governing fish life,
namely, that fish return, as near as possible, to the place of their
‘birth to exercise the. functions of re-production.® .

The area within the sixty fathomn line ‘of soundings in the
Gulf acquires a higher temperature than the deeper portion of
the Gulf in the latter part of June and during July and August.
It possesses a more southern fauna, but it is cut off from the
Atlantic by the Arctic outflow, which is the cause of the great
southerly bend of the Isothermal lines on this part of the Amer-
ican coast, through which the fish wonld have to pass during
their supposed northward - migration.

According to resident \Iewfoundla.nd fishermen young Mack-
erel have been seen in great numbers in the Bay of Notre
‘Dame during the mont,hs of September and October about three
inches in length.

They appear on the coasts there generally about the 20th July,
and during the period when Mackerel were common on the
north-east coast, Green Bay, at the extremity of the Bay of
Notre Dame was a noted place for swarnis of Mackerel fry.

(3) Vide page xxxviii. Report of the U. S. Comnmissioner of Fish and Fish-
eries.



IV—RELATION OF THE SUPPOSED MIGRATORY
MOVEMENTS OF MACKEREL TO ISOTHERMAL
LINES.

It is alleged that the Ameriean fishermen follow the Mack-
erel from the southern waters of Virginia all along the coast of
the United States to the Gulf of St. Lawicnee, and according
to the same reasoning they might follow them through the
Straits of Belle Isle to White Bay, on the North East Coast of
Newfoundland, where they have been taken in alnndance.

Similarly it is alleged that in the fall of the year they follow
the schools from the Gulf past Cape Breton Island to Virginia
waters again, .

Tt is worth while carcfully to consider what this extraordi-
nary migration involves. It presupposes the movements of
bodies of the same great schools of mackerel, which are alleged
to pass Massachusetts Bay from the waters of the coasts of
Virginia and New Jersey, not only through from ten to twelve
degrees of latitude, but it assumes that they are able to cross
in the carly sminmer, and frequently before spawning, numerous
isothermal lines in descending order, and chiefly during May,
for they appear at the Magdalen Islands at the end of that
month. If they came, as is here attivmed they do come, from
their winter homes near to their spawning grounds, they would
continue in the same isothermal zone, or pass from a lower into
a higher coastal or surface temperature, and not from a high
into a much lower temperature, which would be the case if they
migrated, as alleged, from the south towards the north so carly
in the scason. The influence of the Labrador eurrent in push-
ing the isothermals to the south is so marked, that it forms a
great exception to the general distribution of temperature
throughout the world, and influences, in a corresponding degree,
marine life near the shores on which it presses. The gencral
southerly and northerly movements of the isothermals in winter
and summer on the American coast, may be inferred from the
following abstract of Dr. Petermann’s resumé of observations
published in the Mittheilungen for 1870, in the article entitled
“ Der Golfstrom,” &e. An inspection of the colored chart illus-
trating Dr. Petermann’s paper, will convey at a glance an idea
of the sudden plunging from high to low zones of temperature
which would be involved if the alleged movements of the
mackerel in the months of May and June were based on actual
facts.

According to the subjoined table of Marine Isothermals for
July,a’school of fish moving rapidly from Delaware Bay to the
Straits of Belle Isle, would pass in July from a mean tempera-
ture of 6S° toa mean temperature of 453° 3',a difference of more
than 22° Fahrenheit. This temperature refers to the surface
of the sea, but the difference between the temperatures at
different depths near the coast line would very probably be
maintained and in some places, as over Banks and, shoals ex-
ceeded.
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GexERAL TABLE oF JuLy MARINE ISOTRERMALS ON THE NORTH
AMERICAN C0oAST, BETWEEN DELAWARE Bay AND THE GULF
OF ST. LAWRENCE.

JULY, 1870.
Rraumur Drarrks| FaureNneit DeGr's. , ISOTII’ER.\L\II.‘I'E.O":UCHI:S Coast

16 GS. Delaware Bay.
14 63.5 ; Long Island.
12 59, [ Boston. -
10 545 Cape Sable, Nova Scotin.

8 50. ; Cape Race.

6 43.5 i Straits of Belle Ixle.

[ 1

GExERAL TaABLE oF Jaxuanry MARINE ISOTHERMALS OX -THE
NORTH AMERICAN COAST, BETWEEN DELAWARE Bay AND
THE GULF OF ST. LAWRENCE

ReEatrsunt DRunLES. ] FAURENHEIT DEaR'S, l:tunn:mmr.bl'l“(:}mm:s Coast

G , +3.5 South side Delaware Bay.
4 ] 41, Norvth side “ “
2 ! RN Nantucket Island.
0 i 32, Cape Corl.

—06 186 South Pt. Pr. Ed. Island.

—3 ! 1+ North Pt. “ “

i

Mackerel are known to spawn about Block Island and iun
Massachusctts Bay near the close of the month of May, also on
the Bradelle Banks, and the Magdalens early in June, and -on
the North East Coast of Newfoundland towawds the end of that
month.

It is xeareely to be supposed that sehools of the same species
of fish would one year cross nmumerous isothermal -lines and
spawn a month ov five weeks later <ix hundred or a thousand
miles oft in the Gulf of St. Lawrence, or on the North ‘East
Coast of Newfoundland. Tt is much more .rational to suppose
that these are many loeal schools seeking their old spawning
grounds, and returning to the place of their birth from their
winter quarters, with the graduoal inerease of temperature, and
that the ditference in the times or periods of the <pawning of
the ditferent schools is altogether dependent upon local marine
climate.

If it were the ease that the same schools of-imackervel spawn-
ed one year in Mas<achusetts Bay, and another yvear-on the
Bradelle Banks in the Gulf of St Lawrence, the conditious -of
life of the young fish in relation to temperature would -be very
diverse.  The water on the Banks and shoals in the Guilf of :St.
Lawrence is frequently intensely cold, and is often during ~um-
mer even near to the freezing point, as has been observed by Dr
Kelly and others; whereasin Massachusetts Bay and on the coast
of New England, it beeomes very warm during the caily summer
months, and so continues for a long perind. Itis, however, casy to
comprehend how different schools of the same species of fish may
heene acelimated to the ditferent conditions of their existence,
as, for instance, the schools of herving in Fortune Bay, New-
foundland, and the schonls on the coasts of Maine; the Cud off’
Massachusetts shores and in the Straits of Belle Isle; the Cod
m British Seas, where salt water ice is very rarely seen, and the



17

Cod on the Labrador, where there is salt water ice for six or
seven months in the year. These different schools of fish are
bern and live in very different marine climates. With the ap-
proach of warm weather the Cod on the shores of the United
States, especially south of Cape Cod, retire to the shelter of the
decp underflow of the Arctic Cwrrent, or to where it surges up-
wards along the summer edge of the Gulf Stream.

The southern schools of mackerel probably also find here a
suitable summer feeding ground, seeking in the colder strata of
.water the temnperature suited to their habits.
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"V.—MOVEMENTS CF THE MACKEREL COMPARED
WITH THE MOVEMENTS OF OTHER FISH.

When successive appearances of Mackerel at different points
of the coast are tabulated, the apparent movements afford sorme
grounds for the popular belief in the migrations of these fish,
but they are susceptible of a strictly philosophical explanation,
in which temperature asserts its claim asa ruling cause. When
the condition of the fish .i3 recorded at the time, and their
spawning habits considered, the falacy of the popular belief be-
comes apparent. The following table affords a synoptical view
of the facts recorded, with authorities given in the foot notes.

TABLE SHOWING THE GENERAL DATES OF APPEARANCE OF THE
MACKEREL, SHAD AND ALEWIFE OR GASPEREAU ON THE
COASTS OF THE UNITED STATES AND BRITISH AMERICA.

LocaLtTy, MACKEREL. Suap. (1) |ALEWLPE (2).
South Carolina. ... .... o January.
Virginia and Rhode { [3iddle of Ap-
. }g’l;:zm ..... '. c il P February. [March,
N ?er\::;'lk and N e.“" 20th April.  |End of March.\End of Mar.

25th April to[First week in
10th May. | April.
10th to 20th

Massachusetts...... .

Nova Scotia... .. .... May. May. M'ay.
Cape Breton..........|25th May. - _
Magdalen Islands.... fio June.

e D et T U WS Ny

Gulf of St. Lawrence

Miramichi.......... {|First week in
Gulf of St. La.wrcnce{ June. End of May. \End of May.

(1) Charles Lanman et Altera in Report of the U, S, Commissioner of Fish
and Fisheries. Also Perley; Fisheries of New Brunswick.

(2) Ibid; Perley; Dr. Storer; Fisheries of Massachusetts

The first appearances of the Alewife and the Scup on the
coast of Massachusctts resemble closely the relative times of
appearance of the Herring and the Mackerel at the Magdalen
Islands.

During the years 1839 to 1871 inclusive, the carliest and
latest appearance of these fish at Waquoit Weir was as follows

" Earliest. ... March 24th, 1871. e
Alewives, { Latest...... . April 7th, 1869, } Difference 14 days.

Earliest. . April 25th, 1871. . .
Seup... { Latest... . May 10th, 1862 & 68. }Dlﬁ‘erence 15 days.

Ditference in the annual periods or dates of theirappearance
about one month.

With regard to the fish, whose movements were formerly
supposed to be made simultancously over the same ground with
those of the Mackerel, the United States Commissioner of Fish
and Fisherics says: “ We now, however, have much reason to
think that in the case of Herring, the Shad, the Alewife, and
the Salmon, the journey issimply from the mouths of the rivers
by the nearest deep gully or trough to the outer sea, and that
the appearance of the fish in the mouths of rivers along the
coast at successive intervals from early Spring in the South
to near midsummer in the north, is simply due to their
taking up their line of march at successive epochs from the open
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-sea to the river they had left during a previcus season, induced
hy the stimulus of a definite temperature, which of course would.
be successively attained at later and later dates as the distance
northward increased.” (1) )

The effect of temperature on the local movements of the
Mackerel may be recognized in the process employed by fisher-
men to “raise " Mackerel by toll-bait, and luring them seawards.
The Mackerel follow the bait for some distance from shore,
where suddenly they cease to bite and disappear. They proba-
bly find long exposure to the warm temperature of the surface
waters unsuited to their habits, and sink to a cooler zone.

Hence the reason why a “Mackerel breeze,” mixing the
heated surface water with the ecoler understratum, is favorable
to prolonged mackerel fishing with bait. The mixing produced
by agitation cools the surface and permits the fish to feed for a
lengthened period.

Temperature in the case of the mackerel as with the shad,
alewife, salmon, caplin, and launce, in fact both with anadro-
mous as well as deep sea fishes, appears to be the sole guide in
determining their movements in the spring and on the approach
of winter.

In 1872, Mr. Whitcher prepared a full resumé of the views
of different European Naturalists “ On the supposed Migration
of the Mackerel,” which is published at the close of the Report
of the Minister of Marine and Fisheries for that year.

In these recorded views the supposed migrations are entirely

set on one side.
Na

‘L Page xxx., Report of the U. S. Commissioner of Fish and Fisheries,
1871-72.

.



VL —I\*TERPRETATIO\I OF THE MOVEMENTS OF THE
MACKEREL.

What then is the proper inter plcmtlon of the movements of
the mackerel from its first appearance in the Spring to its dis-
appearance in the fall ? - These movements vary with the geo-
graphical position o. local schools of this fish. On the coasts of
the United States and Nova Scotia, its annual movemerts
resemnble in all particulars those of the same species in Euro-
pean seas where the schools have a free and unobstructed ocean
in which to seek their prey.

In the spring, at the end of ‘April and May, the Atlantic
schools of this fish which have wintered off the coasts approach
the land in separate bodies, full of spawn and poor, coming
direct from winter homes where they have remained in a torpid
condition, partially buried in sand or mud. After spawning.
the difterent sehools feed for a short time on the fry of fish, and
as the temperature rises they go out to sea in search of free
swinmming crustaccans and larval forms of food according as
they are dlablll)ut(‘:d by wind and tide.

They pursue this food against the current -or tide. They
often feed during the night beca.use at that period great num-
Les of free swimming larval forms approach the surface. This
is one reason why mackerel schools are frequently missed by
fishermen, and areas supposed to be deserted, may really abound
with this fish, which would be discovered by sink-net fishing,
The currénts arc constantly changing with the seasons under
the influence of - temperature and prevailing winds, hence the
course or direction and depth of the food is constantly changing
also.

Sometimes it is earried far off from the land, at other times
towards it, and the mackerel schools following the food move
first in one direction, then in another, and range from close in-
shorve to fifty miles and more scawards, and often, doubtless, at
a considerable depth below the surface.

The gencral dirvection of these movements, when plotted on
paper, would be a series of irregular cireles or clongated ellipses,
the range of each school or group of schools being opposite and
often adjacent to that part of the coast where they spawn.

- As the Fall approaches, owing to the diminution in the sup-
ply of their floating food out at sea, they come more inland.

All the free swimming larval forms of most species of
Shrimps, Crabs, Lobsters, Sea Urchins. Starfish, Sea Worms,
&e., &e., have disappeared in the open sea, after passing through
their final transformation. But ncar the shore there are great
numbers of other forms of life, which are developed later in the
yecar. Coming in shore to feed on these on the Atlantic Coast,
the Mackerel are found by American fishermen later and later
on their return voyage to the south-west, which gives rise to
the impression that they are following the schools, when they
are only mceting with fresh schools approaching the shore from
their feeding grounds.  Similar movements occur on the at-
lantic coast of Nova Scotia and Cape Breton. As winter ap-
proaches, beginning at Cape Breton in November, the different
schools retire to their winter homes off’ the coast in deep water,
later and later from North to South.

In the Gulf of St. Lawrence, where land is, as it were on all
sides, the local schools come frow their winter haunts to the
banks and beaches of the Magdalens, of Prince Edward Island, .
in the Bay Chaleur, &e, &c., to spawn about the first week in
June. They retire after spawning to deep water, and meet the
incoming Sand Launce. They follow the Sand Launce in shore
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or on ‘to;bzinks, and for some weeks feed on these fish.  When
the Sand Launce again retires to decp water. the season of the
small crustaceans has arrived, and these by tidal action, already
deseribed, and winds, are concentiated near the const lines of
Prince Edward Island, New Brunswick, the North and South
shore of the Estuary and Gulf of St. Lawrence, and the
shores of Cape Breton. On all these coasts the cffeet of the
single and confluent tides dragging alony the coast line and rve-
tarded Ly it, is to produce eldies, where the free swimiing
food concentrates. The comme or dircetion of the different
schools during the suinmer is thus dependent upon winds and
tides, and their movements would, if correctly plotted, resenible
long narrow ellipses adjacent to the coast, which are doubtles
many times repeated.

At the approach of winter the different schools seck their
winter quarters opposite and near to the places where they
spawned in the preceding spring, as ix the case of the schools
on the Atlantic coasts. In these particulars their movements
resemble those of different species of fish which feed and move
in great schools in directions outlined by circles or ellipses
throughout the period during whieh they are at the surface.

Sars has shown that this form of movement is taken by the
Herring on the Norwegian coasts. (1)

The Mackerel are pursued by Cod and Hake, and these fish
gather where offal is thrown over from vessels ou which the
Maclkerel are eleaned.  As a natural consequence the Mackerel
avoid the sea arcas where their enemies are congregated, and
fishermen attribute the desertion of the mackerel-ground directly
to the throwing of offal overboard.  Cuil, and probably Hake
follow up the scent of oftal or food of any deseription carried
by currents with remarkable facility, as may be witnessed dur-
ing the process of jigaing for cod in calm and elear waters. On
looking over the side of the boat, with a man engaged in jig-
ging at the how or stern, as soon as a fish is wounded merely by
the jigger and bload lows from the wound, the ereature nay be
seen to dary here and there in pain.  The neighborving fish of the
Cod tribe are attracted by the scent and follow the blood
“tracks’ against the current, hunting their wounded comrade to
the death. A fish coming across the stream of scent, inmmedi-
ately follows it up, and it is thus that fish offal or bait thrown
overboard in the open sea, or some distance from shore, gathers
the fish on the course of the current.  In harbors and confined
or landlocked buys, where there is no constant strong current to
carry off the results of decomposition, and wheie the sca-scav-
engers are not sufliciently numerous to consume it, the efteet
cannot fail to be extremely prejudicial to young fry and to tish
spawn. '

(1) See chart by Dr. G, 0. Surg, in his Report for 1574,
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VIL.—CAUSES OF THE ALLEGED ANNUAL -VARIA-
~ TIONS IN THE NUMBER OF MACKEREL:0B-
SERVED. :

Tt is well known that the spawn of the Eerring is deposited
at. the bottom, and owing to the glutinous secretion binding the
eggs one or the other, it adheres firmly to everything which may

- happen to touch it, and masses of eggs are found to be tightly glued
together.  Rut it has been 90pcluswely established .by Professor
Sars that the mackerel spawn, like that of the cod, floats, and the
spawn is developed at the surfuce of the sea, being drifted to and
fro by currents and winds, and wholly unlike the spawn of the
Herring, Sculpin, Smelt, Caplin, etc., is at the mercy of the ever
varying currents of the ocean.

‘The taking of Mackerel on banks and shoals, droppmn their
spawn, must, be accepted that the fish are ready to spawn at the
place where they are then caught. The transparent floating
spawn being very difficnlt to recognize and indeed rarely to be
seen, except looked for and caught in tow-nets at the surface of
the water.

But Mackerel fiy arve found near the land, in detached sea
arcas all the way from the shores of Massachusetts to the shores
of North-cast Newloundland.

While the Cod spawn on the North American coast during
every month of the year wherever the temperature of the water is
sufficiently Tow and ice does not intzrfere, and the Herring spawn
in like manner during Spring and Fall, when the bottom waters
have acquired a certain temperature, the- Mackerel spawns,asa
generzl rule, in the Spring of the vear, and large schools uppear
to be established only where the Arctic current exercises its influ-
cnce either as a distinct surface current, or where it is. brought to
the surfuce by banks or shoals, and thus sccures the requisite
coldness in the waters for the floating spawn.
~ The floating spawn mny be drifted by winds or tides many
miles from the place where it is shed, and the birtii ‘place of the
fish will be that portion of the sea area where the young fry first
issue from the egg, but not the spawning ground of the mother
fish. In ordinary seasons the swing of the-tides, apart from local
currents, brings back twice every day the drifting surface matter,
whatever it may be, near to the place from which 1t set out; but
winds may greatly alter the course and distance to which floating
ova would be drifted. Hence, except in the case of secluded
‘bays like the Bay ot Chaleurs, Pleasant Bay or Massachusetts Bay,
the geographical position of Mackerel fry is in a great measure
dependent upon the winds which may have prevailed. A storm
near the end of May or early in June on the coasts of the
United States, may drive floating spawn fur out to sea, even
into the heated waters of the Gulf Stream, and it has yet
to be shown that Mackerel spawn could survive the sudden
and extreme change of temperature this would involve;
or a continuance of southerly winds may drive the spawn on to
‘the shore and destroy it.  This occurs frequently with the spawn
of those fish which are deposited near the shore, as in the case of
the Caplin and Horring. 'I'he small size of the Mackerel spawn
would cause it to be unobserved, and it would be more distributed
than the spawn of the Herring and the Caplin. The United
States Signal Service charts show the course of storms and winds
during the spawning season, which would produce these results.

"T'he relation of cod spawn to rain has been referred to else-
where (Part 1, page xii.). Reasoning from analogy, which in so
muany instances must be for the present our only guide, the effect
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of rain or of a rainy month on mackerel spawn, would be equally
prejudicial, by causing it to sink below the surface and be remov-
“ed from those conditions of lwht and oxygen which are es ssential
to the development of the embryo. '

On the other hand, the spawn might be (1r|ven in an easterly
direction, or in a westerly direction, and be hatched so memiles off
the coast in great abundance. These new schools might attain
great maguitude in three or four years, being unobserved, and
might so remain for several years, pursuing their circular feeding
movements until noticed by the fishermen. The same contingen-
cies occur in the Gulf of St. Luwrence, and similar distribution
arising from winds or tides drifting the spawn far from the spot
‘where it was shed, often lead to the establishment of new schools
of fish in different localities.

This feature in the natural history of the mackerel has already
been noticed with regard to the Bay of Fundy schools. (Page
84, Part [.).

The occurrence of mackerel in great abrmd.lnce on the north
east coast of Newfoundland, and their subsequent disappearance
may be explained in a similar manner, and may be attributed
to unfavorable meteorological conditions, which would drive the
floating spawn on shore, or far out to sea. There are, however
other probable rcasons for the observed annual variations in the
schools which which will now be noticed.

In the foregoing paragraphs it is assumed that the fluctuations
inr the numbers of Mackerel observed by fishermen, correctly in-
terpret a phenomenon which appears to be generally recognized.

But while it is right to receive the statement that very large
fluctuations in the numbers seen, usually occur, it is wrong to
infer that because the schools are not visible, proof is afforded that
they do not exist. There are strong reasous for believing thag
during many scasons the schools escape the notice of fishermen on
account of their finding their food in a lower and colder stratum
of water, and more rarely coming to the surface than during other
seasons, It will now be shown how a cold stratum is produced,
and that as a necessary result of the mode of its formnation, it
varies each year and during every month of the year in vertical
position and thickness, and that it is constuntly brought to or near
the surface on banks and sheals within certain geographical limits,
"These variations in depth of suitable feeding zones throw light
upon the alleged inconsistancy of the appearance of the Mackerel,
and its sclection of coastal waters in some sea-areas and offshore
waters in other areas, and variations in both during different sea-
sons.

In European seas the depth at which the fishermen look fo,
cod varies with the season of the year, and is a point towards
which much attention is paid in Norway and England. On the
Dogger Bank, the smacks fish at the following depths duriag the
months named :—( ) '

December............12 to 15 fathoms waters.

January. c..eeeeae... 14 to 18« “
February............18 to 22 « o
~Marech......oo0. 00 10 to 120 ¢

"The fish are caught with long lines (trawls) at the bottom
during these months. From July to September hand lines are
used on the Nogger Bank the fish being found four or five fath-
oms from the bottom. The peculiarity in the habits of the Cod
at different seasons of the year, can not be too constantly or forci-
bly impressed upon British American - fishermen, especially in
those waters where both summer and winter fishing is practicable.

(1.) Sea Fisheries Commission—Minutes of evidenco, 1564.
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VIIL—ON TEMPERATE STRATA, AND THEIR IN-
FLUENCE ON THE HABITS OF FISH.

~The cause of the existence of cold strata lying between warm-
er strata in'the Gulf of St. Lawrence, noticed at length in- pages
-97-99, Part [, isto be traced to the remarkable properties of
salt-water ice formed during our winters within the limits of the
Arctic or Labrador current. )

The relation which these bear to fish movements in their
search for food is very intimate, but scarcely - so curious and in-
structive as the establishment, after ages of trial, of favorableareas
for the development of floating spawn and the growth of large lo-
cal'schools of fish.  There must be a reason why the cod come
vear after year and century after céentury during the winter

" scason to the vicimity of the once dreaded Maelstrom, among
the numerous’ Lofoten Islands, which form one boundary of
the Great West Fiord of Norway. Similarly, there must be
a reason why the same species of fish come around Belle
Isle in such vast numbers every year ; also why the Mackerel
congregate to spm\"n on Bradelle and Orphan Baiks, in many
other parts of the Gulf, and especially on Georges shoals and
about Block Islind, in the open Atlantic. ‘These are all excep-
tionally cold sea areas. where an Arctic current exists in full force
or where cold strata of sea water are brought to the surface
by shoals obstructing the current.

The sca has been so generally regarded as possessing such an
equable climate and uniform chavacter, that until recently, the de-
pendence of tish life and fish movements upon external influences,
operating hevond the limits, or at the surfice of the waters in
whih the creatares live, has been treated as of secondary impor-
tance.

T'his has arisen iu great part from the temperate character of
those European seas, where investigations have been chiefly
carricdon, (')  But in North American marize climates, where
extreme temperatures occur under peculiar circumstances, the
study of the physics of the sca becomes of the firstimportance. It
leads to unlooked for results in relation to fish life, and may in-
fluence largely and favorably the industry of the fishermen.

No one investigating the habits of fishes in the waters off the
British Isles, could form any conception of the effect of vast fields

of sait-water ice upon their movements, because salt-water ice
never prevails there to any noteworthy extent.

¢ Dutch Scientists were the first to devote more attention to
temperature, by making a series of observations, with the view
of ascertaining during what degrees of temperature the herring
fishery is wmost prosperous. They found that more fish were
caught at a temperature of from 53.6 to 57.2 Fah (122 to 14°©
Celsius) than at any other time. 'The Dutch herring boats are
thercfore always supplied with a thermometer, which enables
them to place the net ut « proper depth. Professor Munter dis-
covercd also that the higher the temperature of the water the
deeper the Herring keep during the spawning time, for wbich
reason nets on the coast of Pomerania are set deeper in summer
than in spring.”  ©9

(1) Acconding to Mr. Buchan, the sex around Scotland constitutes a part .
of the Gulf Stream:. * On the Temperature of the Sea on the coast of Scot-
land.” By Alexauder Buchan, Sacretary Scottish Meteorological Society, 1565.

1. *The Norwegian Herring Fisheries.” Ky A. I. Boeck and A. Fedder-
son. Translated from the Danish by O. Jacobson,
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The influence of the Gulf Stream in raising the temperature
upon the Western coast of Europe, when compared with the
influence of the Arctic current in lowering the temperature upon
the Eastern coast of North America, is seen to occasion effects
on both land and marine climates of the most diverse character.
Professor Mohn estimates the thermic anomaly for January,
arising from the influence of the Atlantic ocean to be as follows :—

A ~ Farenheit.
I'n the interior of Norway ............... 10°.8
In the interior of Scotland. .. .. O ve.. . 20°%°4
In the northwest of Iceland ..... ceee.. 32%4
In the Lofoten..... ..... eereeene ....41%4

The effect of the Arctic current on the other hand is to lower
the temperature of seas and of the interior of British America,
and to occasion the formation of an immense quantity of salt-
water ice, which forms when the surface of the sea has attained
a temperature of 28 degrees, or four degrecs below the freezing
point of fresh water.

The habits of animals vary with the climatal conditions to
which they are subjected. 1f susceptible of considerable power
of acclimatization the change is very great, as ‘is shown by the
extraordinary variations in the spawning seasons of the Cod and
Herring on the North American coast. Hence it becomes
important to know at the outset the nature of the difter-
ences which obtain in those North American and European seas,
which are the seat of the Great Fisheries, in order to under-
stand the apparent anomalies which exist.

TEMPERATURE OF THE SEA ON THE COASTS OF SCOTLAND.

The results of numerous observations carried on for six
years on the coast of Scotland ) show that the mcan mini-
mum temperature of the sea six feet below the surface on the
west coast, was 30 degrees Fahrenheit. The mean min-
nimum on the east coast was 35.5 degrecs. The mean temper-
ature at the depth of six feet at several stations for the months
December, January, February and March is shown in the sub-
joined table.

Dec, iJan. Mar

t
Deg. | Deg. | Deg. | Deg.
Sandwick . [46.8]45. 0‘43 7 4‘3 9| Westhaven . +3 % 41.2(40.542.3
Stomoway 46.0|44.6 #+.1144.1|| N. Berwick. . [+3.2141.440.541.2
Harris. . .. |[46.4|44.6 43 5/43.5 9| Dunbar..... 43.9.41.4(40.3 41.0
Oban. .. .. 47.145.0 43.7'43.0! 1 '

Weat Coast. Feb, | Mlar, East Const. Dee. | Jan,

Feh,

Deg. De‘. Deil

The mean winter temperatures of the surrace of the sea at
the same stations are as follows: —

WEST COAST.

Sandwick. . .. oo e 46.0°
SUOrNOWRY ce o v et e +48°
Harmis. oo e oe i e e e e 448°
ObaN . e e 446°
EAST COAST
Westhaven ... .. o e 421°
North-Berwiek. . ..o i, 41.5°
Dunbar .o e e, 412°

1. * Onthe Temperature of the Sea on the Coast of Scotland,” by Alexa
ander Buchan, Esq., Secretary of the Scottish Meteorological Society.
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ON THE CoASsT oF NORWAY.

"Prior to the year 1875, it was thought that the water of the
Great West Fiord, which is the seat of the time-honoured Lo-
foten cod- ﬁshcrles, had a uniform summer’ ‘temperature of about
44 degrees, even to a depth of 320 fathoms. ¢ Recent investiga-
tion have established that a cold zone exists at variable depths,
‘which in June, 1877, was ascertained to be at 60 ﬁlthqms from
the surface, the thermometer showing therc a temperature of

38 ©.8, while at 140-fathoms, the temperature was 41 degrees,
"The temperature of the Gulf of St. Lawrence was found by Dr. .
Kelly to-be gencrally 35 den'lees below 100 fathoms.

The cod spawn in the Great West Fiord of Norway
chiefly during the month of February, and as the spawn floats
at or near the surface, according to the specific gravity of the
swrface water, it is the temperature of the superficial stratum
which has to be considered in relation to the development of
the spawn, whether of . the cod, the mackerel, or of any ot,her
fish whose spawn toats.

The following table shows the tempcnatmc of the surface of
the sea in 1868 and 1569, at different stations on the coast of
Norway, between latitude 57.59 and latitude 71.05. The West
Fiord (Lofoten Isles) lies between lat. 67.40 and 68.50, between
the stations Villa and Andennes.®)

186S. 1869.

Locality. * Jan. | Feb. | Mar. | Jan. | Feb. | Mar
Lindnesnes .. ..[ 37.2 | 399 | 39.2 | 399 40.1 | 378
Lister....\...... 368 1 410 § 4+1.2 1 387 | 40.6 | 39.0
Torungen ...... 322 | 37.2 1 87.6 | 37.0 | 39.5 | 349
Uldsive. ......... $0.6 | 403 | 406 | 430 | .l ... .
Ona............0 oot [oonnne 323 | 415 | 488
Villa. ... ... 340 | 360 | 36.7 37.0 | 36.0 | 35.4%
Andennes ... 313 | 313 [ 340 | 37.6 | 351 | 345
Fruholen. .. .... 360 ' 351 356 § 3965 378 381

The mean temperature of the snrface of the sea in February
and part of March at the great spawning area of the cod near
the Lofoten Isles, Norway, appears to be between 33 degrees
and 3$ desrees Falvenheit, or, in general terms, below 40 de-
grees.

1. The water of the West Fiord had, in the Suramer of 1888, when it
was examined by the steatier Jensteen, at depths from 100 to 200 fathoms, an
even temperature of 44 .6, while outside of the Lufotes the observations of
the corvette Noruen, in July, 1871, shawed at, a depth of 35 fathoms, 44 °.6;
and at 215 fathoms, 39°.2, At abont the sume time | found ou the buttow of
of Bod» Iarbour, at the depth of O fathoms, a temperatare of 41€.7. In the
innermost branch of the Hanlanuer Fjord, Professor Sexe found, August 23rd,
1871, the temperature 43.°.7 at a Jdepth of from 100 to 200 fathcms. The
steamer Iunsteen observedd, south-west of Lindesnex and Lister, from June to
August, 1871, at depths of 150 futhoms, 44 .6, and at 250 fathoms 42 2.8, which
i Lt a stoal) decrease downward ezmpared with the Farce Shetland Chan-
nel, where the temperature decreases at the snme depths, fromn 42°.8 to 332 .8,

* The Norwegian Fjords aré evidently protected against the cold water of the
Arctie Sea by the hanks ; otherwise the temperature of the water of the
Fjords would be considerable lower, and Norway would not posssss its happy
mixture of lind and sea climato.™—([ Result of the observations of the Deep-sea
temperatures in the sen between Greenland, Northern Europe, and Spitzberyen, by
Professer H. Holn, Director of the Norweyian Meteorological Iustitute at Chris-
tiania.]

2. Olservations of the temperature of the sea on the coast of Norway, by the
« Norwegian Meteorological Institute.  Villa is in Iat. 64.33 North ; Andennes in
lat, 69.19 N,
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IN Tne Bavric Ska.

The mean winter temperature of the surfice water in the
Baltic Sea, in the vicinity of Revel, approiches to that of the Gulf
of St. Lawrence and the Grand Banks of Newfoundland.

Dec. | Jan. | Feb. | Mar. [ April.

Revel 0. ... ... 83431309 [ 311 |31.6 | 316
Kiel ', ... ..c.....| 406 | 32,0 | 32.0 [ 349 | 415
Grand Banks of New-

foundland®, . ...... 32 30 31 32 34

O~ -THE Grandp BaNks.

The mean temperature of the surface of the sea on the Grand
Banks of Newfoundland, will vary from vear to year according
to the greater or less abundance of ice ; its observed temperature
is as subjoined. ¢

January. ..........., e 30
February......... - 1!
March........... B s 14
Aprilo oo oo ol 34
May........ e 34
June............ veeeineenaad0
Julvo. oo oo R 4]
August...oiieienn.. PR 11
September ... oo, 58
October. ..ot 47
November....ooviiiiii it 44
December.... ......... c. 32

When the mean temperature of the surface of the scaon the
Grand Banks of Newfoundland is not more than six or eight
degrees above the freezing point, the inereasing waimth of the
coastal waters of the United States, conjuintly with the pro-
gressive invasion of the Gulf Streaw all south of and around
the shores of Cape Cod, has already driven the cold water tish
from the fishing banks, and their places are supplied Ly South-
crn forms,

NEAR THE STRAITS oF BrELLE IsLE

The surface temperatuve of the sea during Summer about the
Atlantic entrance to the Straits of Belle Isle, is given ou Dr.
Petermann’s teinperature maps of the North Atlantic, as lying be-
tween 39 and 40 degrees.  'The authority for these temperatures |
are the observations taken on board the Montreal ocean steamers,
during their passage from Montreal to Liverpool and return.
Generally it may be stated that the temperature in American
waters best suited to the develupment of the spawn of the cod
and the mackerel, and probably of many other fish, lies between
37 © and 43 degrees. That being about the limits of tempera-
ture of the surface in American waters where the cod is most
abundant and most constant in its appearance as a spawning fish.
Such localities are the Straits of Belle Isle in August, the Grand
Banks in June, the coast of Nova Scotia in the latter part of May
and towards the end of September, the Georges Banks in the
latier part of February and beginning of March. The mackerel
appear to be limited to Spring months, and find suitable spawn-
ing areas whenever the water acquires a surface temperature of
from 37 to 43 degrees in the Spring.

Dove.

Mecers. Meyer und Mobius (1S1:3-1804.)
Nichnlas Whitley. C. E.

1hidl,

e
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TEMPERATURE ZONES IN' NORWEGIAN WATERS.

‘Temperature of the sea at different depths in the’ West
and Norway (the seat of the Lofoten Cod’ Flshenes) during
July, August and Suptembel O] :

Date. Depth in Fathoms, [Temperature ot Depth. Tcmperﬂtux;e of Surface

July 16........ 60 . 435 50
SR ¥ N 65 45.3 50.4
R SR s2 435.3 50.4
: 29, ..... §3 45.0 57.2
Auvg. 7. ... 094 43.5 535.8
< 20....... 146 45.0 54.3
July28....... 150 45.0 57.2
August 5...... 160 440 54.3
Septcmbcr 12.. 180 45.3 51.4
August 22.. ... -221 44.6 547
s 4..... 240 - 4406 53.6
July7........ 320 43.7 51.4

Temperature of . the West Fiord in June 1877. %)

SUITRCE o ot e ii e e, 4T
At G0 fathoms (cold zone). ..o v .388
“ 140 e e et et i i 41.0

Particular attention was directed in-Part 1., pages 99 and 100,
to Admiral Bayfield’s and Dr. Kelly’s determinations of tempera-
ture strata in the Gulf of St. Lawrence, during the Admiralty
Survey of the Gulf in 1831 to 1836. These. results, so long re-
maining in obscurity, acquire special interest since the discovery
of similar temperature strata on the coast of Norway by the Nor-
wegian Expeditions, under the Scientific direction of Professor G.
0. Surs, and the Sweedish Expedition -in the Baltic, under the
_direction of Professor F. L. Ekman. These observations, with
the exception of Prof. Ekman’s, the details of which have not yet
been published, with those made in the Arctic Seas so far back as
1810 and 1811 by Dr. Scoresby, are tabulated below. The cold
zones are indicated by large figures, and, as will be seen present-
ly, these zones have not only a direct bearing upon fish life gen-
erally in certain seas, but they appear to exercise.a very impor-
tant influence upon sub-surface currents, and thus direct andin a
measure govern the movements of fish in pursuit of their free
‘swimming food, or their minute organic food, whether belonging
to the animal or vegetable world.

1. Professor Mohn. Journal of the Steamer Hansteen.
2. Norwegian Expedition of 1877 (vide * Nature,” 1877.)
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COMPARATIVE TABLE, SHOWING THYE COLD AND WARM
ZONES IN THE GULF OF -ST. LAWRENCE, THE NORWEGIAN
FIrorDs AND THE ARCTIC SEA.

Guly oF ST, LawniNce. Nukway ARCTIC Skas,
T E E3 2 =¥ B
So 178 |98 e | s
e T N eI I+ L I 5
=] (=10 a - P34 (7]
10th  Ang [19%h June,17th June, 10t Aprit, [10th April,| 20th May,
Tempernture. | ust, 1531, 1882, 1836, [Tave, 1677 1510, 1511, 181,
Surface. 54, 43, Al 437 | 288 | 30. 29,
5 fath. 423
10« 40. 37.6 38.0 Sl
30 ¢ 39, 31.0
30 ¢ 34.5 32.8
40 33.0 33.8
50 - 34, 33. 33, 31.8
60 -« 38.8 34.0 349
70 ¢
s0 <« | 31,
90«
100 « 37. 30. 347 36.
110« 35,
120 ¢ 338
140 « +1.
150 ¢ 3. |

Some of Seoreshy’s temperatures were taken at an odd num-
ber of fathoms in depth.  Thus the temperature at GO fathoms
in the last column was taken at a Jdepth of 342 feet or 57 fa-
thows, but it is introduced in the table as representing G0
fathows, or three fathoms deeper, for the sake of comparison.
A difference of three fathowms at that depth, probably produced
no appreeiable ditference in temperature.  The inerease of tem-
perature with the depth in Scoresby’s observations may be
explained by the influence of the Gulf Stream.  The cold zone,
at a depth of frorn 30 to 30 fathois, is most marked in the
Gulf of St. Lawrence.  (See Diagram.  Also temperature of the
sea at dittevent depths—Part 1. page H7.)

The Baltic is a closed sea like the Gulf of St. Lawrenee, and
iy subject also to great extremes of eold  Salt water ice forms
in abundanee in its northern portivns, and, as a neeessary conse-
quence, there is produced the aiternating zones of eold and
warm water similar to those found to exist in the Gulf of St.
Lawrence thirty years azo by Dr. Kelly.  The subjoined notice
of the recent discovery of temperature. zones by the Sweldish
expedition is very interesting, as showing in certain parts of
Europe the existence of conditions similar to those which ob-
tain where the cold of the Labrador eurrent prevails. 9

1. Hydreographic Survey of the Baltie” (1) The plan of this snurvey.
which is ~aid 10 e the most canplete that lins yet been wade for its special
ohjects, the determination of the salinity wnd tensperature, was drawn ap and
carried oat by Prot. I, L. Ekwun, New instruments fur taking samples of
senwater at different depths were cmployed, and as the temperture of the
water dul ot undergoany perceptitde altoration daring the time required for
getling it tothe s face, tur every sumple that was obtained, the temperntirs of
the depth from which it wns vised was a-cortained simultanconsly, without
any great a2 of time  The survey shiows the Baltic and tho Gulf of Bothnia
to consist of three stata, odiffering creatly in temperatine, and often very
sharply defined, viz..an upper stiation, which is wartnedd during the sunnmer
by the hent of the sun toa peetty high temwperatwe, alower, in which the
cold of winter still provailed tv o areat extent, and under the Iatter still an-
other of a somewhat higher temperatnre than the intermediate steatunt, the
third siratam being of great thickness where the depth was conzideralle.
I the Gulf of Bthnia, us in Skacernck and Kauttegar, on the other hund,
the tempernture diminished atewdily in prop .rtion to the depth, s is connnon-
Iy the case in the ocean. The uppermast summer warm stratuim of wator was
found to he of variable thickness at different plices in the Baltic ; at some it
wag gearcely perceptible at the period of observation. This and other peeu-
liarities will probably be explaiued in the cpurse of the working out of the
olservatinns which i now proceeding:.

1. Nature, Sept. 27,1577,
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ErrECT OF TEMPERATURE STRATA. o CURRENTS.

Fishermen frequently complain of the effect of deep-scated
and powerful under currents, of which no sign is visible at the.
surface. The depth of the under current and its direction is
constantly varyina on the Atlantic Coast of Nova Scotia with
the months of the year. Similar changing and powerful under
currents were noticed by Admiral Bayfield in the estuary of the

_St. Lawrence, where it is upwards of five and twenty miles
broad and more than 100 fathoms deep. At one observation
the line with weight attached would remain perpendicular to
the bottom ; at another, below three fathoms at flood tide, it
would be drawn out strongly up the estuary, and still more
strongly at greater depths, shewing that during flood tide the
thin surface stratum of water, to the depth of three fathoms,
was slipping over the under current flowing in an opposite di-
rection. This may be attributed to the confined charaeter of
the tidal current in the estuary, but in the open Atlantic off
the coast of Nova Scotia no such limitation exists, and yet the
fishermen, fishing in sixty fathoms, not unfrequently find that
their fishing leads will not take the bottom, although there is
little appearance of a swface current. The cold under eurrents
move with considerable velocity in one direction, while the up-
per warm surface stratum is slowly drifting on an opposite or
different course.

There are frequently observed high in the atmosphere, where
acrial currents prevail, cloud strata at different altitudes, which
are seen to move in opposite directions, or towards points of the
compass far removed from one another.

The inference is strong that diverse ocean currents in a
given vertical depth must seriously influence the movements of
certain species of fish, such as the Herring and Mackerel follow-
ing their food. The vertical position of the food, when not at
the surface, will be determined by the temperature of the zone
best suited to its habits, and the divection it is carried will be
dependent upon the course taken by the under current.
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XI—INFLUENCE OF THE DIFFERENT FORMS OF
. ICE. :

In discussing the relation of fish to temperature (Chapter
V. Part L) allusion was wmade to the prominence with which
the Aretic or Labrador Current is nceessarily invested in con-
nection with the marine climate and fish lifc on the coasts of
North Ameriea, but the influence of this great couvrent, and par--
ticularly of the temperature zones it embraees, are modified bLy
the difterent forms and propertics of ice, which are cither the
consequences of its extreme low temperature, or ave gathered
and conveyed by it from remote sources. Field ice and salt
water anchor iee, are produced throughout the greater portion
of the entire length of the Arctic current, all the way from the
Spitzbergen Seas to the coasts of Labrador and Newfoundland.
Berg ice being formed on the land from rain, snow, and the
condensation of aqucous vapor, is freshwater ite, and its cteets
on the seas of British North Anwcrica are widely different from
those produced by salt-water ice.

Both of these forms of ice, however, are essential to the pro-
duction of those cold strata in the Gulf of St. Lawrence which
exercise such a beneficial influence upon the development and
permanency of the cold water commerecial fishes. They are the
instruments also for preserving the cold zones on the Atlantic
seaboard, which afford a refuge to the cold-water fish during
the summer invasion of the heated surface waters of the Gulf
Streamn, and are thus invested with peculiar interest in relation
to the fisheries.

BERG ICE—FRESH WATER ICE.

The mean temperature of the surface of the sea on the Grand
Banks of Newfoundland is 30 degrees Fab. during the month of
January, and 31 degrees during the month of February, @ [t
rises to 32 degrees in March and 34 degrees in April; the
width of the cold current being 400 miles.

Berg ice, which is fresh water ice, melts at a temperature of
32 deg. Fah.; and while melting, it diminishes the salinity of
surrounding waters, which thus becoming lighter than the sub-
stratum of pure sca water, float with a temperature of about 32
deg., until mixed by winds with the underlying stratum.

But a berg which has been floating for many months in sca
water during its long journey from Hudson’s Straits or Baffin's
Bay, must have acquired by the time it arvives oft' the coast of
Newfoundland a stratified external temperature just above or
just below the freezing point of fresh water, throughont every
portion which has remained immersed, whatever may be the
temperature of the mass exposed to varying atmospheric condi-
tions.  Its temperature at different depths below the surface
will be that of the stratum of water at that depth, so that if
the water at the surface is at 32, and at 20 fathoms 34, and at
50 fathoms 33, and at 8O tathoms 31, thosc. portions of the
Berg in contact with the different strata of icc will be cithe

1. *“On the Surfuce Temperature of the North Atlantie, in reference to
Ocean Currents "--by Nicholas Whitley, C. . (I’roceedings of the Royul Geo.
Soc.) The vast difference between the Marive climate in Winter off the coast
of Newfoundlund and in the North Sea is strikingly shown by the thermometer.
Mr. Whitley states that the mean temperature of the North Sea in Juouury.
1868, between Hull and Hamburg was 43 degrees; “in the same month on
the American coast the sen is very cold, seldom rizing ubove the freezing peitie
(32°) and often from two ts four degrees below it” * * * «On the
eastern side of the cold eurrent aud in close proximity to it, there is a bed of
very warm water having a mean tomperature in January of 57 °, heing 27 °
warmer than tbat on the Grand Banks, dver a width of about 200 miles. ‘This
appears to be a strong eddy of the Gulf Streawm, curving northward, and hold-
ing the Arctic current in its warm embrace.”
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melting or remain solid, according as the water is above or be-
low 32,

That a large body of submerged ice, such as the portion of an
iceberg below the surface, extending downward in many instances
over a thousand feet, or 170 fathoms, \'vould, in stratified layers,
acquire externally the temperature of the medium in which it was
floating, up to the melting point, is apparent from the following
observations of Mr. Koldeway on the temperature of ice formed
at the surface of the sea.® '

No. L.
Thickness of ice formed.c..cvvivevievennn. ..31 inches
Temperature of air. .. ...ooovi i oo —12°3 Fah
6 of iceatsurface................... —6°7 «
i “ at8inches deep....eenan.... —0°8 «
6 “ arl2 ¢« B ieiieareaea. D99
“ “ oar 18 o« B eierereener...18%8 «
. “ at %4 ¢ B ieerenee....2205 «

Temperature of water at 3% inches lower...........28°0 «

No. ITL

Thicknessofice..coveriveeiivieeineennan.....836.5 inches
Temperature of air. oo oo oviiiiiiieee oo . —2°.9 Fah,

« oficeatsurface.....cvviieneinn.... 0°1 «
. *“ at 74 inches........... .. ... 700 «
“ “oatld ¢ ... 1298
. “ at185 ¢ ... ... ...0.1695 @
s “ at 23 it eirereaeee.. 1999 «
“ At 8T e, 8104
“ “oat30.0 e W R3%0

Nemperature of water 34 inches lower. . ....... ....28°2 «

In these illustrations the sea is a warm body on one side of
a sheet of ice, the air an extremely cold body on the other side.
If the temperature of the air rose to that of the sea, the tem-
perature of the sheet of ice throughout would gradually become
the sane as that of the media between which it was placed.  But
a reference to Scoresby’s table of temperature zones in the Avetic
seas (page 29) shows the presence there of zones of water warm-
er than the freezing point of fresh water, or than that of the
melting point of an iceberg, which is 32 degrees Fahrenheit.
The icebergs which begin to drift past the Northeast At-
lantic coast of Newfoundland in February, must materially as-
sist in raising the temperature of the surface of -the sea, for a
constant stream of water of 32 degrees, will be rising to the
surface by its inferior salinity, from those portions of the berg
which are floating in zones having a higher temperature than
the freezing point of fresh water.  The berg is instrumental in-
bringing this warmth to the surface, and elevating the mean
temperature of the surface of the sea in winter, which on the
Grand Banks is from one to two'degrees below 32 deg. during
the months of January and February.  During the Spring and
carly Summer months the bergs will have the etiect of dimin-
ishing the temperature of the surface of the sea. This influence
is, very different to that of salt water floe ice, which, as will
now be shown, is always raining down heavy brines with a
temperature two and three degrees below that of the freez-
ing point of fresh water.

1. Second German Expedition to the Arctic Seas.
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FLOE TcE—SALT-WATER ICE.

Ficld Ice or Floe Iee is salt-water ice, which meltsat a tem-
perature varying from 28° to 31°, according to its salinity, be-
cause sea-water in freczing rejects a portion of its salt, and,
after the ice.is formed, its upper layers are continually losing

salt by drainage or efflorescence, and require a higher tempera-
" ture to melt them than those constantly bathed in sea-water.
Whenever the lower portions melt in contact with warmer cur-
rents, the most saline portions being the coldest, wnust necessa-
rily melt first, and the temperature of the surrounding sea is not
only kept down to30°, 29¢ or 28° in the vicinity of the floe and
pan ice, but the heavy saline water sinks, and carries .its cold
down to a stratum which has the same specific gravity. Here
it remains, if beyond the reach of tides, and forms a cold zone
or'strabum at variable depths below the surface of the sea, or
deseends to the bottom. -

While the presence of salt-water ice generally fuplies a re-
duction in the temperature of the surface of the oecan to 29° or
28° it does not convey an idea of the degree of cold which oceurs
in the temperature of the whole, or a great part of the water,
before salt-water ice can be formed in shallow seas. A

The greatest density of sea water being attained at 27°5 to
25°40, Fah,, every particle of water at the surface, which ap-
proaches that temperature in the winter months, descends,
cither to the bottom, or, as is no doubt more gencrally the case,
to a depth where the specific gravity of the water is the same
as that of the descending particle.

It is veplaced by one of higher temperature, but which 1ap-
idly radiates heat when the air is colder than itself, and sinks
in its burn,

Sarr Warer Axcior ICk.

Once might suppose, at the first consideration of the subjeet,
that the process just deseribed goes on until, in shallow and
sheltered places, the mass of water becomes cooled  to its frecz-
ing point from the hottomn upwards, and at or about 28° degrees
congeals, if agitated, or at 26° if undisturbed, also that conge-
lation begins first at the bottom. DBut now steps in another
condition, namely, that of specific gravity. Seca water, as it
oceurs in great bodies such as the Gulf of St. Lawrence, varies
in its specific gravity, that is to say, in the amount of salt a
definite portion contains. It has been already shown (page 99
Part L) that different zones of water in the Gulf possess not only
different temperatures but different specific gravities, and where
theve are no disturbing causes to mix the strata, the freezing of
the surface may go on with warmer strata lying at some depth
below, whose position is maintained by their greater specific
gravity. Hence a salt water ice-cold, or a frozen stratum, may
rest on a comparatively warm stratum. It is thus that specitie
gravity, or its cquivalent, salinity, exercises a controlling in-
fluence.  But where the conditions are such that during the
prevalence of low temperatures the surface sca-water, bccomihg
cooled to 28, sinks to the bottom and accumnulates there,
rapid motion and points of contact are alone.nceessary to pro-
duce congelation. Iece spicnle, with tabular crystals, are formed,
and the production of Anchor ice sets in.

This oceurs on the southern Labrador and on Newfoundland
coasts. It is also noticed in the northern portion of the Baltic

1. For an account of some properties of sult-water ice, see ** On Saline
Mutter ir Ice,” by Dr. Rae.  Also various notices on this subject puldished in
the * dArctic Manwal and Instructions, 1875; pages 635354 Aiso Dr. Carpen-
ter's recent papers published in the Proceedings of the Royal Society ;—My.
Bachanan's ¢ Challenger Observations,” &c,
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sea, and is of constant oceurrence on the northern Labrador, and
very probably -in many parts of the Gulf of St. Lawrence.
M. Samuel Robertson, who resided many years near to the en-
trance of the Strait of Belle Isle, thus deseribes the cffect of
Anchor Ice on scal nets and on the bottom of the sea. ¢

“T have seen a net, sixty feet deep, every mesh ineased with
ice like a rush light; hawsers, chains, and other larger matters,
with a proportionably greater erust.  When this happens, if this
net is not taken up immediately, it is lost ; for it soon floats like
a cork—although ever so heavily sunk—and then forms a solid
block of ice. I have known the bottom, at a depth of sixty or
seventy feet, frozen, and resembling a limestone flat: and all
the anchors of a seal fishery, whose flukes were fixed in the
sand so firmly that no pnrchase could draw them out. I have
scen, on another oceasion, when the Huke of an anchor was
partially buried, when drawn out, the palin brought up a piece
of frozen sand, as angular as a stone, and nearly as hard asa
picee of Bristol sandstone.”

The Swedish Tethyologist, Axel V. Ljungman, states that
“ because a temperature of 3° Celsins has no destructive effect
it cannot be maintained that a still lower temperature with its
consequent formation of bottom ice will not prove injurious.”)

Tue Sreciric GRavITY oF Ska WaTER.

The inercasing specific gravity of sea water with the depth
is an element of such great importance in regard to the tempe-
rature of different zones, both in winter and summer, that it
demands carcful consideration. In order to estimate its value,
the specific gravity of any body of sea-water must always be
referred to a definite temperature.  When H. M. S. Clallenger
visited Halifax in May, 1873, Mr. Buchanan found the specific
gravity of the Gulf Stream on the Ist of May to be 1.02675, and
its temperature 23°9 ¢ (75 Fah). The next day the tempera-
ture of the water was 13°3 ¢ (35 FFah), a difterence of 20 degrees
Fah. The specitic gravity of the water, however, was only
1.02538, a difference of 0.0137, apparently in favor of the greater
specific gravity of the Gulf Stream. But, as Mr. Buchanan
states, @ “if the results be reduced to their values at the re-
speetive temperatures of the different waters, we have the
specific gravity of the Gulf Stream water, 1.02445, and of the
Labrador current water, 1.0258+4; so that the fall of tempera-
ture very much more than counterbalances the want of salt in
the water.”

1. * Notesonthe Coust of Labrador,” Transactious of the Literary and His-
torical Society of Quebec, Januury, 1841,

2, Report on the Herring Fisheries on the const of Sweden.

Much valuable information on the manner in which fresh-water Anchor
Iee is furmed, will be found in the following notices of this phenomenon:

1. *On the formation of ice ut the bottomn of the water,” by M. Engel-
hardt, Director of the Forges at Neiderbroon. This article was translated for
the Smithsonian Institution from the ** Annales de Chimie et do Physique,’
Paris, 186G, and is publishied 1n the Smithsunian Report for 1866, M. Engel-
lerdt quuates in this article the arguments and opinions of nu.nerous scientitic
men of reputation, among whom sre Nollet, Desinarest, the Abbe Brauthona,
Hugi, Fargennd, Arugo, Gay Luesae, and Plieninger,

2. T, C. Keefer, C. K., Camedian Journal, 1862,

3. A letter addressed to Professar Tyndall, by Mr. G. W. Thompson, and
communicated by Professor Tyndal to * Nawure,” published March 31st, 1870.
The removal nnd transportation of pebbles by anclior ice is described.

4. Recent Glacial und Aqueous Action in Cunada,” by the Rev. Wm.
Bleasdell, Proe. Geol. Sac. London, Juoe, 1876.

5. Tae Earth.”  Reclux.

6. Poggendorf’s Annulen.

Nutices of the transporting power of Anchior Ice are embodied in the papers
ubuve referrved to,

(3) Prelimiaary Report to Professor Wyville Thompson: “Ou work done
on honad H. M. S, Challenger, by J. W, Buchanan, Chewist and Physicist to the
Expodition.  Proceedings of the Royal Society, March 16th, 1876,
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X.—ILLUSTRATIONS OF THE EFFECT OF EXTREME:
LOW TEMPERATURES UPON THE MOVE-
MENTS OF FISH.

The different properties which have been enumerated of salt
water icc and of sca-water at low and variable temperatures,
combine in giving rise to alternating cold and warm zones, es-
pecially in confined seas. They occasion, too, the constant zone
of cold which is found at variable depths, and has been de-
scribed as a record of winter cold.  When regular tidal currents
bring the cold water near to the swiface over banks and
shoals, or mix it with warm surface waters on a shelving
coast-ling, and reduce the tanperature of the whole mass,
they point to causes which must greatly influence the winter
and spring movements of fish and explain some of the fluctu-
ations which occur in the annual take on the Grand Bank,
and clsewhere.  They serve to clucidate the fluctuating moves
ments of Mackerel during the fishing scasons, the variations in-
the spawning of Herring in the spring and fall, together with
the changeable approach of different kinds of ish to the coast
at different times in different seasons and loecalities, as illus-
trated in suceceding paragraphs.  Beyond the ordinary accumu-
lation of fat, and in some cases, probably, of mucus or “slime,”
there is no visible increase of the external covering in any of our
fishes on the approach of winter, or during that scason, and the
fat is required for vespiration, or to nourisk: the embryo spawn,

Fish which do not become torpid, or feed on the bottom in
winter, deseend or rise, as the ease may be, to different zones or
strata in the sea, according to their temperature, and where they
find the food suited to their habits.

Lach zone of the occan is characterized by its peculiar life,
and these zones of life rise and sink with changes in the tem-
perature.  “ Everywhere,” says M. J. Muray, “ we have found
life abundant on the surface and substratum waters of the
ocean. If living ercatures are small in number on the surface
the tow-net will usually yield many forms if dragmed at a
depth of 100 fathoms or more. We have not met with any
really barren regions. (1)

Extremes of low water temperatures are not unfavorable to
fishing operations cither in relation to the Herring or the Cod,
or, as far as known, to the Mackerel.  But they alivet different
kinds of fish in a different manner, and this isa subject which is
deserving of the closest attention.

The returns atforded by the Dominion and Newfoundland
Statistics of the eately and exports of sea fish show, that as a
general rule severe wintews, or severe weather in April, ave fay-
orable to the fisheries.  The conclusion which may be drawn is,
that severe weather tends to bring the fish from decp sca feed-
ing-grounds to inshore shallower waters, where many schools
find abundant, but perhaps, different kind of food in some
respeets from that upon which they are accustomed to Feed.
The immense arca of the feeding grounds is, however, indjcated
by this influx shorewards during severe seasons, and would:
seem to direet inquiry as to the whereabouts of the sea areas
which support such a vast multitude of fish in ordinary seasons.
The following years were noted as exeeptionally cold during the
winter or early spring; yet in all cases the yicld was consider-
ably above the average: 1542, 1849, 1859, 18G2, 18G3, 187+,

The fishing scason in the early part of the year 187+ was the
coldest known in the quinion or Newtoundland records, yet

(1) Mr. J. Murray on surfaco orguuisms examined on board I M. S
* Challenger,”~-Proceedings of the Royal Society, No. 170.
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the cateh execeded that of any other year before or sinee, and
reached the.enormous value of more .than twenty-millions of
dollars worth of the cold water sea fish.

The observations of the Danish- Naturalist Boeck on this
subject in relation to the Herring arc of great interest :—

“During his stay on the west coast of Norway, Boeck con-
stantly noticed the temperature, and néted down a large num-
ber of observations during difterent years.. In his report for
1862 he showed the influence of cold on the Herring fishery.
In that year he examined the -temperature at different depths,
The weather had been calm, but a severe cold had prevailed for
some time, by which the temperature of the sea, at ‘a-depth of
10 fathoms, had been brought as low as 14° (35°°37 Fab.) or.
2° Reaumur (36° 50 Fah.), while at a depth of 30 fathoms it
was 3° R. (38° 75 Fah.) to 4° R. (+1° 00 Fah.).

“He noticed that same year, while present at the rich Her-
ring fisheries near Rioveer and Skaareholmene, that some fishing
iinplements, which were placed at a depth of about 10 fathoms
Lelow the surface, and were held there by means of ‘buoys,
canght but few fish; while others, placed at the bottom, in a
depth of from 50 to 60 fathoms, caught a very large number.
Seine-fishing was also very unproductive during-that year, al-
though the schools of Herring came in in enormncus numbers.
The same was the case in 1864, and similar observations might
be quoted indefinitely. If we examine these accounts we find
frequent references to the fact that the cold prevented the Her-
ring from approaching.

Thus it was extraordinarily cold in 1835, likewise in 1860,
and in 1833 the eold was so severe that the bays and inlets on
the outer coast were frozen over, which happens but very rarely,
and presupposes a long period of low temperature. The cold
was so severe that the fishermen were obliged, after emptying
their nets, to lay them in the water to prevent their freezing
quite stiff, and in order that they might have them ready for
use again in-the evening.  The Herring fishery was, notwith-
standing this, successful. although the Herring, for quite a long
time, remained out in the deep sca and would not approach the
coast. A great many instances might be - quoted from observa-
tions made in former years and collected by Boeck. It will
suflice to mention a few vears, such as 1825, 1826, 1828, 1829,
1856, 1540, 1841, and 1S4+, In several of these years the
cold was so severe that nearly all the bays were covered with
ice, and in some years even the Bay of Bergen was so much ob-
structed that all communication- was interrupted. Still the
fisheries were good, and in some years unusually so, although
the sea had grown cool at a far greater depth and to a greater
degree than during the preceding year; for then the cold was
not particularly severe, and the temperature, according to the
observations of the government inspector, was 1° (34.25 Fah.)
at a depth of 10 fathoms.

Boeck thinks, therefore, that the failure of the fisheries the
vear before cannot at all be aseribed to cold. He found that
in calm weather the Herring seldom approaches the coast, ex-
cept in small nuinbers when chased by the Haddock, while the
chief fishery always commences when a southwesterly or north-
westerly wind has stirred up the sea and mingled the lower
and warmer water with the upper and colder.  Of this, Boeck
gives many examples, partly from his own observations and
partly froin those of the Government inspector. It is impor-
tant to keep this in mind whenever the influence of the cold is
spoken of.”"

1. ** Norwegian Herring Fisheries,” by A.J. Boeck and A. Fuddersen,
emhodied in the Report of the U. S, Conmnissioner of Fish and Fisheries for
18372-1 andd 1874-5, page 104, ’
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Among the numerous illustrations which might be presented
showing the effect of the coxtremes of- temperature in British
American Waters on the movements of ‘Fish, the following may
be outlined.

a—As AvrrFecriNG THE Cob.

The year 1874 was distinguished by the extraordinary catch
of Cod on the Newfoundland and Labrador Coasts, as well as,
in some instances, of the poorness of the livers of the fish. The
schools came in great'numbers towards Jand in places where

" they had not been numerous for years before, and the aggre-
gate catch of the entire season exceeded one million seven hun-
dred thousand quintals in Newfoundland waters, exclusive of
the French Fisheries.!?  The Cod were abundant on the Grand
Banks as well as on the coasts of the Island and on the Labra-
dor, but in many cases their livers were poor and thin and the
flesh of the fish had a watery taste.

The mean temperature of Apnil, 1873, was 23.66 degrees Fah. at
Rama on the North-castern Labrador: it fell to a mean for that
month in 1874, of 11.66 or 12 degrees less, .and 16 degrees less

“than in 1876. - Such ditferences for a week would scarcely pro-
duce appreciable results, but continued throughout an entire
month, and prolonged into May, they had the effect of creating
an extraordinary quantity of salt-water or floe ice, much of
which carried its temperature of 28 to 30 degrees, according to
its salinity, on to the North-east coast of Newfoundland and the
Grand Banks, and lowered the temperature of the sea there.

During the yecar .1874, iccbergs were very numerous and
carly coming down Davis Strait. Bergs were seen in the lati-

“tude of Cape Race (46°39).in February, aud subsequently were
noticed as far south as lat. 42° drifting to the north-east in the
heated waters of the Gulf Stream. A few of these bergs were
supposed to .be threc miles in length, and .on two occasions
steamers passed through or around ice-fields 100 miles in length.
It is also alleged that another was stopped five hows by field-
ice so far south as the 49th. parallel®

On the Grand Banks the French canght in 1874 cightcen
raillion kilograunnes of dry and green fish, or 341,927 quintals,
against 14,800,000 kilos, or 273,927 quintals in 1875, and 13-

- 800,000 kilos, or 256,252 quintals, in 1876. But on the Grarid
Banks, as well as clsewhere, the oil yiclded by the livers was
very small in quantity, being 140 tons for 1874, 101 for 1875,
and 181 .for 1876.

The yield of Cod roes was also small, and stood thus: for
187+, 900 barrels; 1875, 1,301 barrels; 1876, 1,370 barrels.

It can scarcely be doubted that the cause of this enormous
catch, conjointly with the poor quality of the fish, arose from
a scarcity of food, resulting from the remarkable inclemency
of the month of April, and the vast abundance of salt water
or Floe Iece.

The Cod were compelled to abandon their accustomed feeding
grounds by the scarcity of their food, which the severity of the
season had driven into prolonged shelter at an unusual season,
according to the different habits of the fishes, crustaceans or
mollusks forming the food. (®)

1. The total French aud English catch this year exceeded 2,300,000 quin-
talg,

(2) Capt. W. W, Kiddlo—Nature, Auy. 13th, 1874,

(3) In his interesting work on * Deep Sea Fishing,” Mr. Iloldaworth gives o
valuable illustration of the effect of extreme winter cold on fish in the Ger-
man Ocean :—

“The great Silver Pit was first worked over during a very severo winter
about 1843. The Weil Baukand Botany Gut had been explored aund discovered
to be very productive grounds ; aml between them and the Dogger and bear-
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The following tables, beginning with Rama on the north-
east coast of Labrador, in latitude 60°, will serve to show the
very low temperature of April during 1874, and its wide distri-
bution over the Gulf of St. Lawrence.

NorTa EastT CoasT OF LABRADOR.

No. 1

Stution of Rama, (situated near the 60th degree of latitude).
The years 1872 to June, 1873, are from Professor Gautier’s
Paper on the « Meteorological Obser vutions on the Coast of
Labrador,” Geneva, 1875.  From August, 1874, to July, 1876,
Sfrom *Natwre, September, 1877.

CENTIGRADE. _FaAHRENHEIT.
1872:{1873.11874.11875.|1830. || 1872. | 1873. | 1S74. | 1875, | 1S76.

January....... -20.2]-17.2 -17.8]-20.5 |—136]  1.04) —0.04; —4.90
February -16.61-17.7{-19 6{-14.1 212 0.14| —3.251—2.38
March . -17.4}-14.1-17.9/-14.8| 008 6.62-022 534
April......... -4.8)-11.3 -8.1-2.3; 23.36 11.66| 17.42| 27.86
Mny.... - 1 7[—-0.11—3-7| 1.7 33.06( 31.82 25.64) 35.08
June.... . 5.1 3.1 42 35 41,18} 37.38; 39.5G| 38.30
July... .| &8 5.2 6.5) 47.35 41.56] 43.70
August........i 9.90 9.3 7.71 7.0 40.82| 48741 45.86| 44.60
Septem'\er.... 6.9 4.0 4.9 23 44.42) 30.20 40.82| 36.14
October........ 05 03/—-0.7]—20 32,90| 31.46] 30.74] 2840
November.,. | -5.0] -3.9|—86.5|—6.1 23.00{ 21.46] 2030| 21.02
December.....1-16.2-10.5-15.2[-15.4

2841 2300 464 428

The temperatures of the month of April are printed in large
type, and a glance at the figures showing the temperature of
April in 187+ will suffice to establish the extreme coldness of
that month when compared with the same month in 1873, 1875
and 1876. A similar remarkable lowness of temperature for
April, 1874, will be observed to run through all the subsequent
tables showing the monthly means of temperature at Hopedale
on the Labladm Fogo and St.John’s on the Newfoundland
Coast, and at vavious stations on the Gulf of St. Lawrence.

ing nearly true east from Flambuorougl, Head, the Admiraity chart showed a
bed of deeper soundings, ranging in some parts of it from 80 to 40 fathoms,
the whole extending for about 60 miles east and west, and from 6 to 10 miles
wide. This patch was marked the “ Outer Silver Pit,” and on trying it with
the trawlin the deeper parts at the western end nnd near the iddle, soles
svere found during that very cold season in almost incredible numbers; the
nets were hauled up bristling with fish trying to escape through the meshes,
and such catches were made as the most experienced fishermen had never
dreamed of,

* The discovery soon got wind, and a migration of trawlers from Ramsgate
and Brixbam took place ; but although with the breaking up of the cold wea-
ther, this extraurdinary congregation of scles became dispersed. mure atten-
tion was henceforth directed to the Nurth Sea fishing genorxlly ; and in sub-
sequent years the Silver Pit has again been found very productive whenever
the winter has been very severe, or, as the trawlers eall it, in * pit seasons.’”
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No. IL
HorepaLg (Lat. 35 © 35",
The mean of three observations per day, with « Centigrade

Thermometer veduced to Fahrvenheit scale, from 1869 tv
1874, inclusive. © '

ANTIGRADE. FAHRENUEIT.
1870. | 1871, 1572, 1873, | 1874. 1870. 1871. 1872, 1872. | 1814,
January ....| —22.2 | —24.0 [ —16:4 | —20.7 | —18.5 || —7.06 | —11.20 248 | — 5.20 | — 1.30
February.,.|—15.7} —15.0 [ —15.1{ —17.1 | —-17.5 3.74 3.38 4.52 1.22 0.50
March..... ~10.6{~-11.9 [ —12.1 { ~15.,0 | —12.0 12.92 10.58 10.22 5.00 | 10,40
Apriloeese | — 34| — 491 —0.1|—42|— 88| 25388 8| 8183 ¢ 2444 14,18
0.8 0.1 1.5 0.7 03 33.44 32.18| 34,50 33.20 | 82.54
5.8 5.3 6.8 6.8 4.8 41.90 41.5¢ 43.88 44231 40.28
8.8 121 0.8 0.3 13.0 47.84 563.78 49 28 48.74 53.60
. 0.0 12.3 10.4 12,1 48.20 514 50,72 5.32
Beptember . 51 d.4 7.5 5.8 41.18 43.52 45 50 12,44
Octobet....{ — 1.1 0.1 3.2 2.2 30.03 35.18 37 7 35.98
Novemnber.| — 3.9f— 21| — 4.2}~ 7.0 24.08 28221 2444 10 40
December..| —11.4} —18.7 | —18.0| —17.0 1148 | — 1.6 3.20 | — 0.22

In these tables for Hopedale, it will be scen upon inspection
that the temperature of April, 1873, was greatly below the
mean of the four preceeding years, and is thus represented :—

1870. 1871. 1872, 1873. 1874,
Temperature of April..25.88 23.18 31.82 244+ 1416
No. I11.
NORTH-EAST Co,\sr oF NEWFOUNDLAND.
FOGO. 2
1873. | 1874
January........[...... 23.5
February...... 18.1 | 15.0
March......... 27.4 | 26.0
April......... .| 364 | 281
May.......... 39.4 | 40.4
June.......... 548 | 478
July.......... 61.8 | 60.6
August........ 643 | G610
September. ....| 353 | 56.8
October........ 476 | 329
November......|...... 38.1
December. .. ... 27.0 | 300
No. IV.

NORTH-EAST COAST OF NEWFOUNDLAND.
: ST. JOHN'S. ($)

1872. | 1873. | 1874. | 1875. | 1876.

January....... 24.6 | 23. 283 | 194 | 187
February..... o 232 | 243 | 206 | 182 | 197
Mareh ........ 27.5 | 30.1 | 286 | 209 | 269
April......... .| 356 | 336 | 307 | 316 {'35.3
May....... oo 438 431 | 420 | 398 | 421
June..... eovel 826 1520 | 474 | 559 | 387
July.......... 59.3 | 616 | 59.9 1 57.6 [ 6153
August........| 57.9 | 6L+ | 60.9 | 60.6 | 63.7
September.....| 37.0 | 555 | 548 : 33.6 | 497
October. ...... 50.3 | 487 | 49.7 | 451 | 43.4
November......| 37.1 | 394 | 376 | 310 | 85.5
December. .. .. .| 20.0 1 202 | 3L5 | 235 | 27.2 ,

(1) Taken from Professor Gautier's * Seconde Notice sur ies Observaiions
Meterologiques fuites sur ls Cote dw Lubrador.” Par des Missionnaires Moraves
Geneva, 1875,

(2) From “The Reports of the Meteorological, Meguetic and other Ob-
servatories, of the Dominion of Canada, for the year ending 31st December,
18734.”

(3) From * Reports of the Meteorological, Magnetic and other Obsers-
atories of the Dowinion of Cauada, for the years ending 31st December,
1872-73-74-75-76.7
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If available and reliable:records exist of the temperature of
the month of April at St. John’s, Newfoundland, for thirty or
forty years past, it might be shown that the greater or less
abundance of fish, other things: being: equal, on::the southern
and eastern part of the coast, was synchronous with the occur-
rence of unusual or extreme cold in the month-of ‘April, and
‘thus lead to useful practical knowledge capable of -wide appli-
cation to the fisherics during other months of the year, as will
be shown further on.

No. V.
MEANS FOR THE GULF OF ST..LAWRENCE.AND "ATLANTIC COAST.

Mean temperature for the month of April from 1873 to 1876,

 imclusive, at Buthwrst and Dalhousie in New Brunswick,

Charlottetown in” Prince Edwurd Island, and Guysbor-
ough, Sydney, and Halifax in Nove Scolia.

g =
=2 = ) &7 ) = A
1873...... 36.6 “ 854 | 352 ) 344 | 381 | 35.54
187+......| 814 | 27.7|. 31.2 | 30.6 | 30.6 | 33.4 | 30.8}.
1875.. ... 31.9 ¢ .32.1 |--321 31.6 | 349 32.5
- 1876...... 333 3331 350 344 | 363 | 3446

At each station, it will be observed, the mean temperature of
the month of April was lower in' 1874 than during any of the
other years in the table. From Rama, on' the Labrador, to
Halifax, on the Atlantic, seventeen degrecs- of latitude farther
to the south, the April cold: prevailed.

It is remarkable, however, thatavhile the cateh of Cod on the
Newfoundland and Labrador coast was .cnormous in 1874, the
cateh in Dominion waters throughout the Gulf of St. Lawrence
was considerably less than during the previous year, the aggre-
cate for the Dominion being 100,000 quintals less in 1874 than
in 1873. It might be inferred from this comparison, if the re-
turns are contemporaneous, that the extreme cold which drove
the Cod, in its search after food, inshore on the Newfoundland
coast, compelled the schools to go into deep water, remote from
the dustomary fishing grounds, in the Gulf of St. Lawrence.

ey

- b.—As AFFECTING THE HERRING.

In 1875 and 1876 great apprehension-existed in Newfound-
land that the Fall Hering Fishery would- fail on the Gulf
Coast of the Island. Herring did not make theirappearance at
the usual period in the Bay of Islands and Bonne Bay,:and in
one instance they rushed .into the Humber estuary:and out

" again in a manner never before observed.
” Subsequently it was ascertained that the Herring were oft’
the Coast, but at a greater depth than usual, and.their vertical
miovements were . erratic ; now high, now low, in great.variations
of depth. .

Although:the temperature of -the- air- is<not- necessarily an
indication of the temperature of the sea, yet when the mean
temperature of the air for an entire 1wonth . descends some. de-

(1) From “ Reports of the Meterolagical, Magnetic and other observations in
the Dominion of Canada.” '
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arees:below: its ordinary depression; the sea-will be affectedin a -
- correspornding. degrec.

The months: of - September and October,"when the Herring-
begin to approach the Gulf Coast of Newfoundland, and pre--
pare to enter the sheltered Bays, were unusually cold in 1875
and: 1876.. The mean recorded temperature of these months at:
Bay. St. Géorge in 1874-73-76 stands thus:™

Septombler. - October.

1874..........640 ... ..., 58.5

1875 .........33.0 ..., 47.0-

1876..........838 ... ..., +6.9
Sept. Difference from-1874. Oct. Difference from 1874.
1874, ... ... 64.0 38.5 ,
1875........ 55.0 9.0 4+7.0 11.5
187G6........ 33.8 10.2 46.9 11.6

Suhjoined is the entire table for three’ years at Bay St.
George, showing monthly mean temperatures:

5 5 £

o 8 : - = £ = 3

= g = - . Z o 3 £ £ =

2 & 4 T PS & 29 5 4 ] 2 P H

= 3 = £ = - 2 3

3 £ 3 = S = El = S < o 0

3 = - - A S ] < @ =1 z a H
1874..] 4| 104 ] 270 ] 206 | 421 | HL7 | 67.0 ] 700 | c4.0 | 585 | 41.4 | B1.T | 43.8
1875...) 15.3 1 131 | 151 41,0 | 5.0 | 62.2 | 63.6 | 55,0 | 47.0 | 3.0 | 231
1876..] 18.7 | 22.1 | 3L.8 | 38.0 | 45.7 { 634 | 62.2

63.7 [ 53814691 416 | 32.2] 43.05

The interpretation of the movements of the Herring on the
Gulf Coast of. Newfoundland becomes greatly simplified by the
now known fact that warm and cold strata exist in the Gulf,
and it can searcely be doubted that the crratic movements of
these fish were caused by their search for the zone most suited
“to their habits at this season, whether as regards temperature or
icroscopic food. The unusual cold of September and October

“had. depressed- the zone in which their food lay. Hence the
reason why the Herring were found lying unusually deep.

The great differences between the autumnal airtemperatures
of 1874 compared with those of 1875 and 1876 suggest the
necessity for ascertaining the temperature of the sca at differ-
ent depths in those localities where the Herring are aceustomed
to. winter in American waters. Very probably such a close
relationship between the vertical wovements of the Herring,
and the temperature of the zones of depth at which they are
to be found, would be proved to exist, that a valuable guide
would be obtained through the instrumentality of the thermo-
meter, by which fisherimen might learn the depth at which it
would be advisable to sct their nets. A rule once established
for St. George would also be applicable to many other localities
where Herring winter. By this means a permaneney and sta-
bility would be given to the Herring fishery whiel it could
not be made to possess by any empirical method.

¢.—AS AFFECTING THE MACKEREL.

The Mackerel, like the Herring and the Cod, secks cold
water for its spawning grounds wherever the Labrador current
excreises its influence.  Between Block Island and No Man's
Land, where the spawning grounds on the United States Coast
south of Cape Cod are alleged to exist, a thin wedge of the La-
brador current stretches far into Long Island Sound.®™ .

In Massachusetts Bay, where a Mackerel spawning ground also

1 Reports of the Meteorologrical, Magnetic and other Observatories in the
Dominion-of Cannda,; 1874-76.-
2 Drofessor Verrill quoted in Part .
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. exists, as also in the vicinity of Stellwagen Banks, the tempera-
ture’ when observed by Dr. Packard in September, ranged from
41} to 45 degrees, and the fauna resembled the cold water spe-
cies on cach side of Jeffrey’s ledge. On George's Shoals the
marine life is said by Verrill to be the same as that found in
the deeper muddy parts of the Gulf of St. Lawrence, and indi-
cates a temperature not above 40 degrees, and probably donsid-
erably lower. (Para. 92, Part 1) Bradelle Bank, according to Mr.
Whiteaves, presents the phenomenon of a small stony pateh, ten-
anted by an assemblage of Marine animals which nsually inha-
bit very cold water, and arc alinost entirely surrounded Uy ano-
ther series, which are for the most part prevalent where the
bottom is warmer and more affected by surface conditions of
temperature.™

Wherever the arcas are situated where young Mackerel are
found in the Summer, we find near at hand a cold water zone,
cither existing ds a part of the Labrador Current at the surface,
or brought up from greater depths by banks and shoals. “ On
the coast of Prince Edward Island, and in the Gulf generally,
the cold water lies frequently near the shore, because the diurnal
tides mix the strata warmed during the daytime with the cold
underlying strata. Inthe estuary of the St. Lawrence Dr. Kelly
found the surface temperature 57 degrees Fah. on the 9th July,
but three feet below the surface it was 44 degrees, having in
that short vertical space sunk 13 degrees ; at 24 feet it was 40
degrees, or 17 degrees below the surface temperature.

The coastal waters of Massachusetts rapidly acquire an cle-
vated temperature in June, when the waters of the Gulf of St. -
Lawrence are often still ice-cold.  In Apiil, May and Junc, the
Cod and Haddock resort in large numbers to the banks and
reefs off' Stonington, Watch Hill, No Man’s Land, and other sim-
ilar places, but are quite unknown there laterin the Swummer®

Local winds and tidal currents bring the waters of the Gulf
Stream on to this coast and displace the cold waters, even at

1. *¢The Orphan Banlk, which is situated off the entmance to the Bay des
Chaleurs, 154 stony patel, a3 are most of the inshore flshing bauks, many of
which are not indicated or defined on the charts. The masses of rock are
usually lnrge pieces of reddish sandstoue (often perfurated Ly two species of
Loring bivalves, the Saricava rugose and Zirpheen erispata) with a small pro-
portion of pieces of Laurentiangneiss, &c.  Animal life is profusely abundant
here, which isundoubtedly the reason why cod, wackerel, etc.. frequent this
and similar banks in such envrmous nunibers.  Soft Lodied orpauisms of vari-
ous kinds give aspecial fucie: to this particular nue. These are encrusting
sponges ; tunicates, of many genern 4nd species, soma of unusual size ; an
Actinta ( Metralium) ; the common northern Aleyonium (rubiforme): Aleyonid-
twmn yelatinoswa ; hydrozda and pulyzen, in great profusion, &e., &c. Among
tie harder iorms arean abundance of the cowmmoner echivoderms, with a
few scurce species; large caleureous polyzon; and a large number of fine
crustacea. Slielly are tulerably numerous, thought not nearly so much so as
on the Bradelle Bavnk, and aunolids were relatively scarce.

* The Bradelle Bank isalso n stony pateh, but the pieces of rock are usu-
ally small, and there is a greater admixture of gravel, sand and mud on this
bank than upon the Orphan. Soft-lodied animals appear to Ue scarce upon
the former, and shells uccur in unusual abuudance. The assewmbluge of hy-
drozoa, echinaderms, polyzon. and crustacen. is much the same on both banks,
though a few peculiar species were found on each. The rarer forms fuuad at
these two places will be catalogued iu the sezond part of this report.  While
the auinal life of the shores of Cape Breton (except iu deep water),of those
of the Magdalen group and of Prince Elward Islwd, a8 well as that of the
whole of Northumberland Strait up to the shuthern entrance to the Baie des
Chaleurs, ix of an Acadian orsouthern type, the fauna of the Orphan and Bra-
delle Banks has a decidedly Arcticor northern character. The Bradelle Bank,
in particular, presents the phenowenan of a small pateh, tenanted by an ussem_
blnge of marine animals which usually inhabit vory cold water, and almost en-
tirely surrounded by another series, which are for the most purt prevalent
where the bottom is warner and more affected by surface conditione of tem-
perature."— Report of G. J. F. Whiteaces, F. G. 8., 1873.

2. Prof. Verrill, Page 485, Raport of the U. S. Commissioner of Fisk and
aned Fisheries, 1R71-72,
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the distance of twenty or thirty miles from the shore in sum-
mer.

In the Gulf of St. Lawrence the temperature of the surface
in summer rarely reaches, as far as obscrved, the temperarure
of the bottom of the sea off No Man’s Land, or 59% to 614 de-
grees in 11 and 18 fathoms respectively. (2)

Dr. Kelly records the following surface temperature in vari-
ous parts of the Gulf, and generally within view of the land :—

Date. Position. Temp. of Burface.
1832. 19th June. Off Point de Monts. 43°
1831. 9th July. Do. do. 57°

“  10th Aug. Off Anticosti. 54°
1832. 2nd Sept. Mingan Harbor. 53°
“  28th June. Estuary of St. Lawrence. 48°

“  14th August.  Off Kegashka. 53°
T« 15th ¢ In Kegashka Harbor. 487
«@ 18th « <t &« 38 2

«“ 28th “ “ 55°

“« 30(,]1 “« « « 523

“  Blsg Off Mingan, 51°

“ st Scpt. Mingan Harbor. 39°

“  10th Oct. Near Cape Gaspe. 41°

« 14 @ Oﬂ‘ Y . 4'3 4
1831. Oect. 11th. Near Mount Louis. 41°
« “ « 7 miles off. 47°

“  12th, Bay of Seven Islands. 46°

3 13“1’ i « 4_2 (=]

n 14.“" 33 113 39 o

In the harbors of the Gulf Coast, and even at a consider-
able distance off the land, the temperature of the surface is
greatly affected by winds. A warm dry wind off the land
diminishes the temperature of the swiface by evaporation.

Tidal currents have a powerful effect on the temperature of
the surface over shoals near the shore, by Lringing the cold
water to the surface. On the 27th June, 1832, Dr Kelley ob-
served the temperature of the surface water over a shoal ledge
which runs out a considerable distance from Mingan Harbor to
be only 33 degrees; on the previous day the waterin the Estu-
ary of the St. Lawrence being 47 or 48 degrecs.

In these differences of surface temperatures, and the causes
which give rise to them, we discover the reason why the Mack-
crel retire, as the summer advances, from the warm coastal
waters of the United States out to sea, where they find a stra-
tumn of water of the requisite temperature for their free swini-
ming food. In the Gulf of St. Lawrence this requisite tempe-
rature is best attained where cold substratum waters are mixed
with warmer coastal waters by the tidal waves, the food being
at the same time brought inshore by these currents as already
described. Here it lingers, partly on account of a suitable
temperature being attained, and partly because the eflux and
reflux of the tides occasion a constant circular or clliptical
movement of the water.  Hence while the offshore waters on
the Coast of the United States alone possess the requisite de-
grec of coolness in summer for the Mackerel food, the inshore
waters of the Gulf acquire the degree of warmth best suited
to the habits of these free swimming ereatures, which continues
until late in the fall. The question of inshore and offshore
Mackerel fishing grounds thus becomes, in a great measure, re-
duced to the different conditions of marine climate which pre-
vail where the Labrador Current is the controliing agent, or
where the Gulf Stream asserts its power and influence during
the summer season.

1. Prof. Verrill, page 483, report of the U. S. Commissioner of [Nsh and
Fisheries 1871-72,

2. Ibid, page 484,

3. Ibid, 436,



XIL—RECENT SCIENTIFIC INQUIRIES INTO THE
SEA FISHERIES. ’

The extent. and character of the. scientific . investigations
which hive been authorized by different European governments
in relatien to the-sea-fisheries, is of .gréat interest to the fishing.
industry of North America. The subjeet has never been a
popular onc at the outset, and until comparatively recent times,
so opposed have fishermen been to scientific inquiries; from the
suspicion that they were the forerunners of restrictive and bur-
densomne legislative enactments, that when the late Axel Boeck
commenced his investigations into the causes of the decline of
the Norwegian Herring-fisheries, the zoologist Van der Hooven
attempted to dissuade him from oceapying himself with these
studies on the ground that they would be productive neither of
profit or honor.

So also Axel V. Ljungman when pursuing his inquiries into
the Swedish Herring-fisheries for the Swedish govermnent, met
with similar discouragement from similar unfounded prejudiees.
In his report he states: “I nced searcely say that- the distrust
and opposition with whicl the investigations were wmet, not
only by nearly the whole population engaged.in fishing, but
even by those from whom assistance might reasonably have
been expected, exercised a depressing influence, and_ will con-
tinue to do so in the future, though not, perhaps, to so great an
extent.” &

There was often great veason in former times for the objee-
tion urged by fishermen against goverment supervision and
control, for in the absence of a correct knowledge of the habits
of fish and of marine physics, enactiments of a very prejudicial
and hurtful chavaeter were instituted, whieh weighed heavily
upon the industry of the fishermen, without producing any
beneficial resnlts.  Gradually, however, as the tishing popula-
tion began to understand the seope and object of scientific
inquirics, opposition Leeame transferred into eo-operation, and
the term “Telegraph Herring” has for some time: been a popular
acknowledgement of the advantages aceruing from-the applica-
tion of Science to fishing industries in Norway.

The Duteh Herring fishermen have been supplied with ther-
mometers {or their guidance as to the depth at which they -
should set their nets sinee 1858, and the gradual increase of
exports, being exclusively the products of the Duteh Herring
Fishery, atford a striking iHustration of the advantage of
scientific enquiry.  The steady increase of this industry is well
shown in the following tables of export for ten years. )

DUTCIT HERRINGS EXPORTED.

. Barrels,
1SGG . 13,023
180T e 15,008
1808 i e e e 22,152
1860, e e e e e 15,921
7 30,435
172 R 45,437
2 46,839
1S e e e L 38388
2 TP 68,306
2 68,142

1. *The Norwegian Herring Fislieries,” by Al 1L Boeck and A. Fedderson.
2. Preliminary Report fur 1873-74 on the Herring and the terring Fish-
eries on-the west Cuust of Sweden. See Report-of U. 8. Commissioner of
Fisheries for 1874-75.
3 Consulur Reports—Natherlends, 1877,
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The Scottish Meteorological Society have recently supplied
fishermen with thermomesers for ascertaining the temperature
of the sea at different depths most suited to the habits of the
Herring, and the results already attained give promise of many
areat benefits likely to flow from the proper application of this
most useful instrument, as a means for detecting the zone in
which the Herrings are feeding, reposing, or moving. '

These remarks apply also to the Cod, and one of the first
steps taken by the Lofoten fishermen is to ascertain the depth
at which the Cod are swimming before they set their nets or cast
their buoyed lines. The information thus gained by fishermen
respeeting the depths at which fish swim at, different seasons of
the year, and during the spawning seasons, if they belong to
any one of the class whose spawn floats, is practically most
valuable. It is from this cause alone that the Norwegian and
Duteh fishermen practice methods of fishing with great success
in different zones of water, which are entirely unknown in
British America. .

The Swedish Government are now taking active measures

“to examine minutely into the condition of their sea fisheries in
the Baltic. Already the results are striking and suggestive
and among the most interesting may be noticed the discovery
of three zonesin the Baltic of different temperatures, namely :
a warm upper zone, a cold intermediate zone and a warm un-
derlying zone. These zones assimilate in their gencral features
as regards temperature and salinity to the zones which have
been described as existing in the Gulf of St. Lawrence. (Sece
Diagram).

The principles upon which the useful application of the
thermometer in fishing operations are based, are of a complex
character and appear to be inseparably associated with temper-
ature strata in the ocean, which vary In vertical depth and in
thickness during cach season, and cach month of the year
These have at all times a particular relation to the habits of in-
numerable organic forms which constitute, direetly or indireetly
the food of fish.

Since the publieation of the results obtained by Dr. Carpen-
ter, Dr. J. Gwyn Jeffreys,and Sir Wyville Thomson, in the dredg-
ing cruises of H. M.S. S. “ Porcupine,” and * Lightning;” sincC
the renowned “ Challenger” cxpedition ; the various Norwegian
and Swedish Explorations; and the United States Commission
of Enquiry into the Deep Sea Fisheries, the amazing vastness of
the ficld which has been openced to view has become dimly ap-
parent.

Seoresby’s excellent observations were made at a tine when
they were neither appreciated or understood in their bearings,
and few private individuals have given much practical attention
to the large field of enquiry which is comprehended under the
term ‘ Qcean Physies” In his exhaustive work on “The Gulf
Strcam,” Dr. Petermann enumerates the names of nearly all
observers who have treated of the temperature of the sea and
the causes which affeet and govern the distribution of that tem-
perature.  Among private observers,to whom science is indebted
in this branch of enguiry, Dr. Petermann singles out Lord
Dufferin, the present Governor-General of the Dominion of
Canada, stating that “the observations of Lord Dufferin, in
themselves, offer so numerous data that they permit the con-
struction of isothermal curves for the novthern sea from 350° to
80° latitude or from the coasts of the German Sca to Spitzber-
gen, Iceland, Jan Mayen and Bear Island.” These papers on
the Gulf Stream have been translated from the German for the
United States Coast Survey and the paragraphs relating to Lord
Dufferin’s observations are in part as follows :—

« Although only a pleasure trip, yct of eminent value to the
knowledge of theentire NorthernSea,from the paiallelof the Ger-
man Coast to the latitude of 80° N. is Lord Dufferin’s cruise to
Iceland and Spitzbergen in a sailing yacht of 85 tons in 1856-57.
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The principal dates of this cruise arc: Sailing from Storn-
oway in the Hebrides, June 13; Reickiavik, Junc 20; the north-
wastern Cape of Iceland, July 9; Jan Mayen, July 13; Ham-
wmerfest, July 20; Bear Island, July 31; Spitzbergen (English
Bay), August 6 ; Drontheim, August 26th; Bergen, August 31st;
~ Copenhagen, Sept. 10th; Christiansand, Sept. 19th; arrived in
England, Sept. €5th. During these three and a half months
Lord Duiterin kept an excellent journal of observations of the
temperature of the sea and of the air, and of the weather, for
cach two hours day and night—twelve times from noon to noon.
Their great value lies principally in the direction of the cruise,
from Scotland around Ieeland, to Jan Mayen, and thenee to
Hammerfost. To this day there is no other cruise, and no
other conneeted series of observations existing on thatline. The
lowest temperature of the sea during this trip was observed 70
miles west of Bear Island (30°) ; the highest (North of the Ave-
~ - tie Cirele) between the 18th and 19th of July, in 704 N. latitude
and 15* longitude East of Greenwich, about $ nautical miles off
the Scan:dlinavian coast, (54°).  Further Southward, in the Ger-
man Sea, from Bergen to Copenhagen, and from: there to Eng-
land, between the 3id and the 25th of September, temperatures
of from 51.6 to (8.4 degrees are noted ; generally, however, they
were found to be between 544 and 59.32 degrees.”

“The observations of Lord Dufferin, in themsclves, offer so
nnmerous data that they permit the eonstruction of isothernal
curves for the Northern Sca, from 30 to 80 degrees latitude, or
from the Coast of the German Sca up to Spitzbergen, Iecland,
Jan Mayen, and Bear Island.  Among other facts they demon-
strate that an arm of the Gulf Stream extends along the entire
West and North Coast of lceland. and that the cold Polar
Stream penctrates av Bear Island far to the Westward ™

The practical bearing of new and unexpeeted relations
which have been in part established between the life of the
great deep, and the every varying depths at which that life is
sustained, is illustrated in the growing convietion that a correct
knowledge of the great Sca Fisheries can only be obtained Ly
means of their study from a scientific point of view, and based
upon a knowledge of the physics of the sea.

The great differences which exist between the marine cli-
mates of the northern portion of the Ewropean and American
Continents have been pointed out, with the vesulting variations
in the habits of fish.  (See Part 1) Henee it arvises that the
deductions applicable in Europe, are not available in many cases
on American coasts where the Arctic current veigns supreme,
and where the great tisheries, whieh have yielded their trea-
sure for three hundred years, still remain in the aguregate
unimpaired, although by some alledged to show unmistukable
signs of local decrease.

The quantity of human food annually supplied without any
artificial aid, by a small arca of the sea, is enormously great
when eompared with an cqual arcaof the richest land, although
enltivated and enriched Ly all the resourees of capital and skill.

Year after year fishermen resort to the same subinarine
bank, and if the weather is favourable, procure nearly the same
weight of food.  For the last fifty years the waters surrounding
Newtoundland have yielded to the British, French and Ameri-
can fishermen an average of one hundred thousand tons of dried
codfish,and between G000 and 7000 tons of oil, or equal toabout
250,000 tons of fresh fish.  The British Commissioners appointed

1 Papers ou the Evstern and Northern Extensions of the Gulf Stream—
From thaGernn of Dr. A, Petermann, Dr. W. Von ¥Freeden, aud Dr. A, Miihry.
Translated in the United Stuites Hydragraphic Oflice, in charge of Captain R.
1. Wyman, UL S0 N,
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to inquire into the sea-fisheries of the United Kingdom in 1863,
drew cspecial attention to this subject in their exhaustive Re-
port. The following extract from this Report is worthy of at-
tentive consideration, -as having especial application -to many-
well known fishing grounds on British: Anierican coasts, which
are still unrivalled in their continued produectiveness, althongh
there is danger of gradual decline.

“The procuce of the sea around the coasts bears a far higher
proportion to that of the land than is gencrally imagined. The
most frequented fishing-grounds are much more prolific of food
than the same extent of the vichest land.  Once in the year an
acre of good land, carcfully tilled, produces a ton of corn, or
two or three cwt. of meat or checse. The same area at the
bottom of the sea, on the best fishing-grounds, yields a greater
weight of food to the persevering fisherman every week in the
year. Five vessels, belonging to the same owner, in a single
night’s fishing, brought in 17 tons weight of fish—an amount
of wholesome food equal in weight to that of 50 cattle or 300
sheep. The ground which these vessels covered during the
night’s fishing could not have execeded an area of 50acres.”

“When wi consider the amount.of care that has.been be-
stowed on the improvement of agriculture, the national societics
which are established for promoting it, and the seientific knowl-
edge and engincering skill which have been enlisted in its aid,
it seems strange that the sea-fisheries have hitherto attracted
so little of the public attention. There are few means of en-
terprisc that present bester chances of profit than our sca-
fisheries, and no objeet of greater utility could be named than
the development of enterprise, skill, and mechanical ingenuity
which mignt be clicited by the periodieal exhibitions aund pub-
lications of an influential socicty specially devoted to the Brit-
ish fisheries,” ™

Leopold Von Buch, writing in 1810, states that “while the
fisheries of almost every other part of Norway have gradually
being declining, that of Loffoden has maintained its fame above
a thousand years, without a single instance of failure” @
From the most recent returns, continuing up to 1875, the state-
ment made by Von Buch 67 years ago, appears to hold good at the
present time, for the Cod are found at the Loffoden as abund-
ant as ever, although it must be stated that the means and ap-
pliances to take the fish are far more effectual than they were
when the great traveller and geologist wrote an account of his
Journey through Norway and Lapland. My, Frank Buckland
considers that the North Sea Fisheries shows some marked
signs of diminution, and the reality may come suddenly and
unexpeetedly upon the British- public. The deeline in the
United States has already been referred to in Part I., and
there can be little doubt that similav results may be expected on
some parts of British American Coasts.

(1) ““Report of the Commissioners appointed to inquire into the Sea-fish-
eries of the United Kingdom.”

(2) “Travels Through Norwsy and Lapland.” By Leopold Von Buch. Ber-
lin, 1810,
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XII.—SYNOPSIS OF THE EXTENT AND CHAR-
ACTER OF THE BRITISH NORTH AMERICAN
FISHERIES COMPARED WITH THOSE
OF OTHER COUNTRIES.

'

FEuropean Sea Fisheries.
No. L.
THE BRITISH EUKOPEAN SEA FISHERIES.

The yield and valuc of the British Fisheries in European
Seas, take the first place among the products won from the Sea
by fishing nations.

‘The question whether the Fisheries in Britisn Seas are de.
clining is one of great commercial importance, and respecting
which much diversity of opinion appears to exist. During the
past two years, two distinguished authorities huve affirmed that
with regard to some valuable species of fish the decline is de-
cided and even alarming. In an address delivered at the Biolo-
gical Section of the British Association at Glasgow in 1876, Pro-
fessor Alfrcd Newten expressed decided opinions in support of the
view that the British Fisheries were declining, and he advanced
the results of the * Minutes of Evidence” taken before the Sea
Fisheries Commissioners of 1863-66, in support of his views.

In a communication addressed to * Nature.” (Nov. 16, 1876)
Mr. Newton says :—

“ Any one who has ever tried to learn the facts attending the
process of extinction of animals, will soon find that premouitory
symptoms of approaching extirpation may be for a long time
hardly recognizable at places where the particular species con-
cerned is most abundant. 1t is first cut short on its borders, and
scarcity begins and is most readily perceived at its outlying
localities. Hence it is exactly in accordance with what always,
or almost always happens, that the smaller and least important
fisheries should first show signs of decline, if such decline is
going on as the ahove figures seem to prove. It may be years
before the great trawling grounds on various pargs of the coast,
or the Dogger and Silver Pit show unmistakable signs of exhaus-
tion, but where is the take of fish inshore increasing or even
stationary ? @19 A

Mr. Frank Buckland embodies in his recent report on the
¢- Fisheries of Norfolk,” () many important proofs of the de-
crease of some species of fish, especially those which are taken
by net trawling, such as soles, turbots, brills and plaice. This
decrease has taken place within the last few years, and does not
militate against the conclusion arrived at by the Sea Fisheries
Commission in 18636, that then no material decrease in general
was to be discerned. A great increase has taken place during
the past ten years in net trawling vesscls, and the effect is now
notably visible in the size of the fish taken. 'The Dutch vessels
are stated to do great injury on account of their net. trawling
operations near to the shores.® 'I'he Germans protect their coast,
and will not allow any trawling vessels to fish inside of nine

1. Prof. Alfred Newtoun, of Cambridge, England—Letter on Sea Fisheries,
puclished in** Nuture,” Nov. 16, 1876.
9. Report on the Fishieries of Norfullk, espweially Crabs, Lobsters, Her-

ringa and the Broads, by Frank Buckland, [napector of Salmon Fisheries—
Blue Book, 1875.
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fathoms of water. They have a gunboat constantly watching
the smacks to see this is strictly carried out. ‘Lhere is no net
trawling:carried ‘on in Dominion.or !Newfoundland waters.

‘Fhe-estimate of-James-Caird, Esq.;'one of ‘Her Majesty’s Com-
wissioners appoiuted to enquire into the Sea Fisheries of the
United Kingdom in 1863, is as follows :—

Estimated rweight and value -of sea.fish annually caught in
the British Seas :—

120,000 tons of 'White Fish ¢ @ £20 per ton. .. .. £2,400,000
250,000 «  Herrings & £15 “ 3,750,000
20,000 < ‘Mackerel v £15 LA 300,000
20,000 ‘“  Sprats (n £7 10s. “ L. 150,000
3,000 <«  Pilchards i £16 10s. <« .. ... 50,000
12,000 «  Oysters w2 £20 10s. “ e 250,000
20,000 ¢ other Shell Fish ¢» £5 <« ..., 100,000
Total.... . .o.eeiiiiiiiiss £7,000,000

-Estimated valne of River Fish, -consisting -of Salmon, Trout,
Eels. etc. :—

Englind...... c.oooiiiieen oot £ 30,000
Ireland. oot e e 330,000
Scotland......coovviiniinir e, 200,000

" £560,000

No. IL
NORWEGIAN FISHERIES,

“The Norwegian Fisheries are pursued with great skill and
with special regard to their preservation. Government inspectors
are always on the great fishing grounds to see that regulations
are respected. - Nets.are sunk at different depths to find the zone
at which the fish are lving. ‘The thermometer is also used, and
advantage taken, under the supervision of Government, of every
artifice designed to promote the efliciency of the upparatus used
to take fish, and the permanency of the fisherics. In no country
have long continued scientific observations been pursued to such
an extent as in Norwegian waters, and the present success of
Norwegians in maintaining their high position as a fishing
and maritime people, is largely due to the care and interest
taken by Government-in whatever pertains to the industry of the
fisherman.

Statisties of the Norcegian Cod - Fishery.
NUMBER OF COD TAKEND

! Loffoden. i Finmark. Romsdal. | Total Catch.
} -

1861 20,000,000 ; 5,000,000 3,500,000 | 28,500,000
1862 11,500.000 | 5,000,000 6,000,000 | 25,500,000
1563 17,500,000 l 3,000,000 4,000,000 | 24,500,000
1864 10,000,000 | 11,500,000 5,500,000 | 27,000,000
18G5 19,000,000 .9,000,000 9,500,000 | 37,500,000
1866 21,000,000 ! 15,000,000 3,900,000 | 39,900,000
1867 116,000,000 | 14,000,000 | 4,000,000 | 34,000,000
1868 |voerievnn. .| 12,455,000 1. ..., I
1869 |-20,700,000 9,476,000 | 5,000,000 | 85,176,000
1870 |- 23,000,000 | 11,500,000 |........... 34,500,000
1871 19,600,000 | 15,000,000 | 2,700,000 | 86,700,000
1872 18,000,000 | 16,250,000 |........... 34,250,000
1873 18,000,000 | 16,500,000 |........... 34,500,000
1874 16,000,000 | 17,500,000 e 35,500,000
1875021] 23,000,000 l 19,750,000 I........... 42,750,000

2. Page 19.

1.« White Fish” include Cold,-Hadduck, Hake, Ling, Pollock, Soles, 'l‘urbm,

Plaice Brill, Halibut, Ilake, Whiting.
1. Reports of 1I.°M. Consul at Christianin— from 1866 to 1876,

2, '"The tatal eateh: for 1870, and from 1872 to 1873 inclusive, does n.t

include the catelt of Roms.dal.
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LIVER AND ROES.

Yield in Liver. % Yield in Roes.
‘ L

1869 19,000 barrels | 17,000 barrels
1870 30,000 « b 20,000 v
1871 20000 « | 16,000 «
1872 24000 ¢ L 22000 o«
1873 50,000 « | 18,000 «
1874 40,000 « | 15,000 «
1875 52,000 « 28,000 «

CoMPARISON BETWEEN NORWEGIAN AND NEWFOUNDLAND EX-
rorTs DURING AVERAGE GooD YEARS.

The years 1855, 1856 and 1857 were unusually productive
in Norway.

The Newfoundland Exports, as compared with the Norwe-
gian Exports during the same years, stands thus :—

NEWFOUNDLAND. ’ NORWAY.
Quintals, ' Quintxls,
1855.........1,107,388 ....890,943
1856......... 1,268,334 ....944,836
1857......... 1,392,322 ....969,127

Difference between the Newfoundland and Norwegian Ex-
ports in favor of Newfoundland:—

Quintals.
1855 ... e il .216,445
1856 . ...... c.iveienae... 323,498
1857 .o i 423,195

The NorweGiax catch of 1873 exceeded the average of the
previous ten years, according to the Repert of H. M. Consul for
that vear.

The results of the total catch were thus estimated in Official
Returns :—

Cod Fisheries. ........... eers. 609,249 £ stg.

Cod RoeS.vevevieeiennns 80,564 «

Liver Gil. ..o oooiiiinii, 165,804 <«
Total value ot Cod-fisheries. .. ..... 855,617 £ stg.

Compared with the NewrouNprLaxD Exports of 1873, the
relative values stand thus :—

Newgoundland Valwation of the Exports of the Products of the
‘od alone, during 1873 :

Dried Codfish. . . cveiiiiieeninnn.. ..54,929,136
Core i et iete st niiaran 2,284
Cod Ol civiiin et i iiieneans 553,560
Refined Oi). ...t viiiiiiieena.. 64,200
Cod Roes.. oot iininieiinneanennn. 2,672
Total..... et tenereaaean £5,551,752

Norwegian valuation of the Product of the
Cod Fisheries alone, in 1873........... 84,166,854
Difference. oo vveevennn... 1,384,898

Excess of value of Newfoundland Ezports of
Codfish and Codfish Products over the
value of Norwegian Catck in 1873......$1,384,898
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A considerable proportion of the total amount of fish exported
from Norway under the English name ¢ Codfish,’ consists of Pol-
lock, Haddock and Ling.

Consul-General Crowe states in his report on the Norwegian -
Fisheries for 1873, that the ten thcusand tons of 200,000 quin-
tals bartered to the Russians on the northern coasts of Norway,
largely consists of Halibut and Pollock, or Coal Fish. When
these species of fish are deducted, the difference between the an-
nual catch in Newfoundland by British - fishermen of the Codfish
proper, stands out in its true light.  But this differernce, greatas
it is, fuils to convey a correct appreciation of the immense annual
catch in Newfoundland waters. ‘Lo the Newfoundland exports
ot Cod and its products, such as cod oil and roes, tongue and
sounds, there must be added the Freach catch and the American

catch, which together may be ussumed equal to the Newfound-
land total catch, during an average of vears.

TABLE showing the total value in dollars of the Fiskeries o f
Novway in 1873, including Seal, ete., Fishery :

Cod Fisheries . oo i e .. 52,967.042
Cod ROCS,. .o e 392,346
Liver Oll,. .o e 807,465
Herring Fishevies. . ... oo 1,248,400
Mackerel do . 201,676
Salmon do L +1,127
Lobster do . L, 148,096
Total,.......... .. £5,806,152

Result of Shark, Walrus and Seal fishing, combined.. 443067
Total value ... ... ... . ..., £6,250,219

"T'otal value of the Newfoundland exports of fish and

fish produets in 1873, including Seal Fishing.%8,138,965
Excess of value of Newfoundland exports over value

of Norwegian catch in 1873.. ...........81,888,746

THE NORWEGIAN SPRING HERRING FISHERY.

The cause of the decline of- the Spring Herring Fisherv on
the coasts of Norway is still partly shrouded in mystery. Pro-
fessor Sars holds out expectations that the Herring have not
rezlly left their accustomed haunts at particular seasons, but are
to be found a little farther out to sea, and in deeper water. Be
this as it may, the decline is very great, uas shown in the following
tables, and brings with it a great and widespread suffering among
the fishing population.

Acerage Lzport of Norwegian Spring Herving during perviods
uf fen years, from 1516 to 1869,

1816 to 1826........... 192,905 barrels.
1826 to 183G............ 431,615  «
1836 to 1846............ 008,844 “
1846 to 1856 .. ... ......585,523 «
1856 t0 1866............ 609,271
1866 to 1869............ 511,782  «

¥rom 1866 to 1869 the mean is for four years only, after
1869 the Spring Herring Fisherv began to decline, as shown in
the subjoined table.

Spring Herving Fishery since 1870—Cutch.

I870. e i i, 160,000 barrels.
| T SR 83,000 ¢«
1878, o i i

| N 65,000  «
1874 i iceieieiiia . 275,000 ¢«

1875. .. e veveiee o vvvas. Failure.

1. From the Report of H. M. Conaul at Christianu for 1873,
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‘Norwec1aN LorsteER ‘TRADE.

TABLE showing the number of Lobsters exported- from Nor-
way from 1865 to 1875, inclusive:

NutnUer of «Lobsters Exported.

1865, . cvie i ieii i iaeiiaans 1,956,000
1866 ... ceesarass..1,850,000

8 1 A 1,582,000

) I 1.572,000

1869, i iriii it 1,088.000

1870, ¢ civeverevanennense... 1,207,000

. 1 R I 1,045,000

N 1,016,000

1873 et cee. 912,285

8 T

1875 . it .. 400,000

Comparative Tuble sheweng the Cutch and Valun of the
Muckerel Fishery of Norway and the Dominion
of Canada.

| NORWAY. CANADAL

C Yield—Cwt. Value. Yicld -Bbls. Value.
1868+ 47,000 S 02744
1869 | 61,000 | 107,032 33011 | § 530,110
1870 | 64,700 131,334 92213 | 1,097,234
1871 { 71,800 194,152 240,426 | 2404260
1872 | 70,100 159,302 119859 | 1,578,026
1873 1 65,446 141,704 160,617 | 1,597,138

| No. of Fisli tuken.

1874 | 2,800,000 | 123552 | 161763 | 1,578,806
1875 | 3500000 | 1568271 123960 | 1,239,600

No. I1I.
RUSSTAN FISHERIES.

According to the Report on .the Fisheries of Russia, by C.
Danilewsky, President of the Commission, the following esti-
mate supplies a tolerably correet idea of the vast extent of -the
Fishing Industry in the Russian. Empire :—

Europeay Fisnerigs—
* Value in £ 8terling.

Inthe Balble oot i 218,758
“ White Seaand Aretic OQcean. ..ot 175,000
s Black Seat. o e 105,000

Total value of Russian Fisheries in Europe. 498,758

ASIATIC FISHERIES—

Caspian Sca, with the Volia, Ura,&eooo o oio oot st 1,857,500
S 0F AZOV. oot e e 700,000

Total value of Russian Fisheries in- Asia. ... 2,237,500

1. From the Reports of 1. M. 8. Consul at Christiana.

2. Report of H. M. Consal at Christiania.

3. Swtistical Memorandum on Canadiun Fisheries, compiled by J. C.
Tache, Deputy Minister of Agricultury, Ottawa, June, 1870,



No. IV.
SEA FISHLERIES OF THE NETHERLANDS FOR THE YEAR 1870.
Sea Fisheries, Quantity. Estimnted Value, .

Salt Herving. ..........oooo. o 11,702,814
Smoked Herring. .. .ooooooii. 3,094,158
Fresh Sea Fish.................. 6,906,048
Salt Cod.. ..o ... 305,432
Shrimps. .....oooiiiii i 463,297

Dried, Salted, or Smoked Fish of all
other kinds . .......... e 3,776,993
Oysters and Lobsters.............. 531,565
Mussels .....oovvviiie it 9,374,695
Salt Ling (Stock Fish)............. 1,455,708
Anchovies...................... 1,355,064
Total....................39255774

Equal to............. Tons 38,637 £3435,578

£385 878——$1,635,725.86

STATEMENT OF THE NUMBER OF VESSELS, BOATS AND MEN
EMPLOYED IN THE FISHERIES OF THE NETHERLANDS.

Fisherien. [1.) Towa oot Yo T Empoge | e P
Great Fishery.......... 114 1,676 |14 to 15 men
North Sca Fishery...... 410 2,965 Tto 8
Zuider Zee Fishery. ... .. 1,282 ¢ 3,209 2to 3 «
Friesland and Groningen ,
Fishery............ 183 524 Sto 3 «
Zealand Fishery. ... ... 472 1,02¢ 2to 3
Grand Total.........] 24061 [ 9,462 Jto 4each

DUTCH HERRING FISHERY (.\’I-J'I‘Hl'IRLA.\'DS).

“The following returns show the remarkable extent to which
the export of salt herring from Holland to forcign countries
has increased within the last few ycars, this return applying,
I should state, exclusively to the produce of the Duteh Herring
Fishery itsclf, and leaving aside the herrings imported from
foreign countries and re-exported from Holland :—”

Total Exported—~Burrel«.

IS6G. ..o 13,023
ISG7 . 15,098
1868 L 022152
860 . 15,921
1870, . ... 39,435
1870 L. 48,437
IST2. .o 46,839
| Y 58,388
ISTd . 68,306
1875 e 68,142 (2]

The quantity of salt herring, properly so ealled, producerd
by the North Sea Fisheries of South Holland in 1873 were—

Nurrels,
Scheveningen. .. ... L L.52344

Ralwijk. ... . o 0o, 9,083
Novidwijk..............0oo 0. 00 L110

—

Total. ... L 42,457

1. Report by Mr. Fonton on the Ser Fisherics of the Netherlands—
Trade Reports, 1877.

2. Report by Mr. Fenton on the Sea Fisheries of the
Reports, 1877,

Coasnlar

Netl»crlnnds.--’l‘xm!c
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This number of barrels contained in the aggregate 36,976,350
herrings; adding 20,000,000 fish cured as red herrings, the
total number of herrings taken by the whole fleet of South
Holland boats engaged in the North Sea Coast Fishery in 1875
would be about 57,000,000. In 1874 the total number was
estimated at about 64,750,000, and in 1873, at about
87,250,000. ‘ '

No. V.
DANISH FISHERIES.

[.—Exports from the Faroe Islands—3

1874, o 37,569 quintals of Klip Fish.®
e e e 1,312 « Tor Fish.
SN 1,285 “ Fresh Fish.

II.—Exports from Ieclund—

1875......... T, 90,000 “ Klip Fish.

e e e 2,500 “ Tor Fish.

II[~—Denmark Proper—
Estimated total value of the fisheries of all descriptions of

Denmark Proper amounts to about £130,000.
IV —Danish Greenlend—
IS4 e e 71,350 1bs.® Dried Cod Fish.

Nearly the whole of the Cod Fish was imported from Suk-
kertoppen.

No. VI

FRENCH FISHERIES.

(For details of French Fisheries see pagel07, 'art I ; also pages 163 and 166,
Part 1.)

VALUE OF THE SEA FISHERIFS OF FRANCE.

1870, .. $11,975,460,
1871 o s 13,978,457.
1872, 12,333,333.¢
187 10,500,000,
I8T4. 12,166,666.%

1. Report by Mr. Fenton on the Sea Fisheries of the Netherlands—Trade
Reports, 1877.

2, The Fisheries of Denmark, the Faroe Islunds, and Iceland.— Gen-
yraphical Mag. Oct. 1876, )

3. Klip Fish—Cod, dried in air, but not salted. Tor Fish—Cod, salted,
pressed and dried. 100 1bs. to a quintal.

4, Tho Danish pouund is 1.1 Epglish puunds.

5. Revue Maritime et Coloniale, December, 1872.

6. Revue Maritime et Coloniale, March 1874.

7. Revue Maritinie et Coloniale, 1876,



NORTH AMERICAN SEA FISHERIES.
L

DOMINTION OF CANADA.

The details of the catch of Herrings and Mackerel by cach
maritime Province of the Dominion for a large number of years
are given in Part I. The following table represents the general
total catch.

TABLES AND ESTIMATE BY J. €. TACHE, ESQ.(D
The quantities caught so fur as they ave returned, by the
Fisheries’ Report, are in their aggregate, for the Atlantic
Provinees of the Dominion, shown in the following table :

TABLE TI.
| Avertge Prices indieited by the
Tours. chnkdc' leml"holl‘l‘f.::(l'(, Ut‘;;‘"g .\hui'zervl HFisheriex Returns,
Quintuls, Barrels. Rarrels,
Coil. Herringw, | Mackerel,
1869 531,387 | 307,475 | 53,011 3 00 300410 09
1870 | 582,731 | 248,830 | 02213] 300 | 4 07 | 11 90
1871 700,926 | 380,600 | 240,426 3 00| 3 00| 10 00
1872 097,598 | 324877 | 119,859 + 00 390 14 00
1873 | 1,033,602 | 349,666 | 160,617 | + 15 3 90 995
1874 936,885 | 326,476 | 161,793 | 4 40 415 076
1875 882,094 | 340,382 | 123960 | 4 35 4 15110 00

“The existence of complete statisties of the fish catch of one
year, gathered through the regular process of a carcfully taken
census (1870), renders these annual reports available for dedue-
tions, which being, furthermore, as a whole borne out by the
Trade Reports, and such broad means of comparison as are
furnished by the previous censuses, cannot fail to bring a very
near approximation to exactness.

The following table is the result of caleculations, made on
such bases, and is confidently given as expressing the quantities
of the catch of each of the years therein mentioned. The
quantities in this table refer to the Provineces of Nova Scotia,
New Brunswick, Prince Edward Island, and to the Province of
Qucbee from the gulf up the river St. Lawrence, as far as
Pointe de Monts and Cap Chatte: in other words it gives the
result of the yearly catch of the Cod, Herring and Mackerel in
the fishing ficlds concerned in the Treaty of Washington :—

TABLE II
Quintals of Cod, Had-
Yeur. dock, Huku und Barrels of Herrings. Barrels of Mackerel,
Polleck.

1869 730,028 305,195 54,022
1870 $01.553* 408,850* 03,072
1871 964,131 625337 245,012
1872 1,372,207 533,783 122,145
1873 1,405,804 557.979 163,681
1874 1,278,499 534307 164,879
1875 1,193,579 555,371 126,324

The figures marked Ly an asterisk are the figures given by
the Censuses of 1870-71, of the Dominion and of Prinee Ed-
ward Island, less the quantities of fish caught West of a line
drawn from Pointe de Monts to Cap Chatte.

1. J. C. Tache, Deputy of Minister of Agriculture,
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“It is to be remarked that the returns of the Fisheries’ De-
partment previous to the ycar 1873, do not contain the fish
catch of Prince Edward Island ; and that the quantities includ-
ed in the returns for 1878, 1874 and 1873, on account of Prince
Edward Island, have been deducted for Cod and Herring,
Mackerel not being caught in any quantity west of Cap Chatte.”

DOMINION FISHERIES FOR 1876

Epccies. Aggregate Value, | Augregate Value.
Cod Fish.. S4,123,1000 $
« QOil.. 59,135
& 'lon"ue* 'md bmmd e 12,352
Haddock., . 906,121
Po]lock...................... 168,021
Hake.. 256312
Ling. . 5,145
Tum Cn(l e 11,000
Total nf Cnd I‘lsh Trll:c. e ] 5,976,786
Herning.. 1,789.338!
Alewite or Gasp(‘rc'ul e 16,250
Shad . e 98,820
'[‘ol'xl ot Herrm«r 'l rlbe e 1,874,408
Mnckere]......................... 997,681
Lobsters ........ e e e 795,082
Salmon .. ... o o oo 312,002
Smelts. .o e 171,017
Trout. . 10,271
Fish 011 298,524
Other Fx:h 'm(l \Ihcelhnemm Prodmt~ 315,380
Total value of Sea Fisheries. ..... $10,314,119
Ovaters. . ... e 119.449
Porjwise Skins and Oll e l 8.882
Seal Skins and Oil, RO | 40,952
\thlcOil........................l 4,809
Inlund Fisberies............ ... ... 555,042
Total value of Dominion Atlantic’
Sea Coast and Inland Fisheries;
for 1876+ +evveesaeroe o] (1) 811,042,893

II.
NEWFOUNDLAND.

As carly as 1317, about fifty French, Spanish and Portu-
guese vessels were engaged on the Bank Cod Fishery of New-
foundland, and in 1578, or 300 yecars ago, the British Fishery
Fleet numbered fifteen vessels, while that of other countries
had inercased to a very great degree.  Franece had at that period
150, Spain 100, and Portugal 50 ships, employed in the New-
foundland Fisheries, making a total of 315 ships recorded as
engaged in that pursuit, In 1615 the British Fishing Fleet
amounted to 250 vessels, and the total number of French, Bis-
cayan and Portuguese ships, employed at the same date reached
four hundred. *  In 1615 Capt. John Smith addressed a letter
to Lord Bacon, then Chancellor of England, in which he states
that the “ Hollanders raise yearly by fishing from Newfoundland
at least £400,000.”

1. Compiled from the Reports of the Comimissioner of Fisheries of the
Dominion of Canada for 1876.
2, Lex Mercatorin—Mc(iregor, quoted by Bouchette.
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These few historical facts show how long and how persever-
ingly the Cod Fishery has been pursued in Newfoundland and
Labrador waters, and point in an unmistakeable manner to the
unfailing resources of these cold water seas, where the Labra-
dor Branch of the Great Arctic Outflow reigns suprewe, and is
the natural home of so many species of Cold Water Fish.

The statistical data given in the Appendix to Part I. supply
a weneral view of the progress of the French and British Fish-
erics in Newfoundland waters to the commeneement of the pre-
sent century.  The following tables exhibit the exports of the
Newfoundland Cod Fishery from 1804 to 1876, as prosceuted
by the inhabitants of Newfoundland, which are wholly dis-
tinet from the Freneli Newfoundland Cod Fisheries, or the fish-
eries pursued in those waters by the fishermen of the United
States. -

The annexed cofummn, showing the number of quintals of
Dried Cod Fish required to produce a ton of Cod-liver Oil, ex-
hibits remarkable variations in the annuali yicld of this import
ant product, and points to climatal conditions which affect the
supply of food. It is not unreasonable to suppose that future
investigations may offer a clue to the whercabouts of the
great body of fish during particular seasons, and in what depth
of water they find their food during certain months of the year.
It has been shown that owing to the exceptional character of
the month of April, 1874, cnormous numbers of fish ecame in-
shore during that year, evidently driven shorewards in scarch
of food. But the question arvises, where do these fish feed in
ordinary seasons? There can not be a doubt that there are
numerous banks off the coast of Newfoundland as yet entirely
unkniown to the fishermen. A notable illustration of this fact
is the bank discovered during the soundings for the Atlantic
Cable, about a degree and a half due East of Catalina Head, on
which one sounding showed 39 fathoms, but nearat hand the
depth may be considerably less.

Coxrrectred TABLE, SHOWING THE EXPoRrTs oF QuUinTaLs or Cop
FROM NEWFOUNDLAND DURING TUE YEARS 1804 T0
1816, 1NCLUSIVE, AND FROM 1820 10 1S76.

Yearh) No. of Quintals.
1804. 661,277
1805. 625,519
1800. 772,808
1807. 674,810
1808. 576,132
1809. 810,219
1810. . 884,474
1811. 923,540
1812, 711,059
1818. 591,360
1814. 947,762
1815. 1,086,266
1816. 1,046,625

). Thowmas Luck—Oflice for Trade, Whitehall, 24th Juue, JSI7,
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Year. (1)

Exports —Quintuls

Tons of Cod Oil—

No. of Quintils w0 n‘

] of Fish. Crivle umd Refined Ton of Oil.
| L o
1820) 001,159 | l
1822 851,476 | !
1823 | 864,741 3
1625 1 973,464 .
1826 063,042
1820 | 924237
1852 ' 610177
1833 | (83,536 i
1834 1 674,988 |
1885 - 712,588
1336 ¢ 860354
1837 |
1888 1 124515 |
1839 & 85,377 :
1840 | 915745 ; PMild winter.
9795 :
18] ! 1009725 ' ; Mild winter;
1842 1.007,480 | §§.<.,rsng\-eryscéew
1843 | 932,202 l |
144 1832162 ;
1845 | 1,000,233 | ;
1346 1 874005 |
1847 831,973
1848 | 920,366 |
1849 1.175,167 | Scvere winter,
1850 1,009,182 I
1851 1,017,152 | 3,492 299
1352 072991 | 3912 248
18533 922,718 3.875 238
1854 774117 3,409 297
1855 | 1,107,388 4.053 272
1856 1.268,334 4,207 301
1857 1,302,322 | 1,044 261
1858 1,038,089 5,205 196
1854 1,105,793 4354 954 | Very scvere win,
1860 1,138,544 4,565 249
1861 1,238,373 3,318 370
1862 1,264,837 3.878 326 “ “
1863 499,086 2,939 339 - ‘
1864 1,016,234 2.211 459
1865 097,114 3.935 508
1866 930,447 3.249 256
1S67 1,066,215 4.455 239
1868 1,169,948 3.206 354
1869 1,204,086 4,684 256
1870 1,218,757 4,085 300
1871 1,328,726 5,551 239
1872 1,221,156 4,354 278
1873 1,369,205 1,275 320
1874 1,609.724 3,161 509 | April very sovere
1875 1,136.235 3,079 368
1876 1,364,068

1.

foundland, subsequently from official stateinents.

N. B. The data from 1820 to 1856 are from Pedley’s History of New-
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STATEMENT.

Quantity and Value in Pounds Cwrrvency of Fish and Seal
Lzports from Newfoundland and Lahrador, for the
year 1874,

|

Fish, Dried Cod. .
Fish, Green * ..
Seal Skins.......
Seal Qil.........
Cod Qil.........
Whalo Qil.......
Relined Oil.......
Other Oil. .......
Blubber. ... .....
Salmon..........
Herrings frozen. .
Herrivgs Pickled..
Mackerel.........
Cod Roes........
Haddock..........
Halibut . .... ....
Turbot. ..........
Souuds & Tongues
Salmon preserved

in tins.........
Lobsters

Otlher articles not|

enumerated, bait
&e., sold to the
French.........

1609724 Qtls. {at £ 019 0
904 = 0 7 6
398366 num. 0 # 6
4358 Tuns 3 0.0
2939 v 40 0 O
62 « 3 0 0
222 o pgl. 0 4 6
26 “ 32 6 0

81 « 4 0 0
7883 Tierces 07 0
8300 Barrels 0 5 0
180956  « 015 0
2234 ¢ 040 0
47 o« 040 O
1186 & 015 0
18 Qtls. 017 6
1449 « 010 0
13 Burrels 020 0
276 Pkys. 0 50
36562 Lbs. 0 0 8§
25814 « 0 0 6

£1529237 16 0
339 0 0
120468 19 0
152530 0 0
117560 0 ¢
2170 0 0O
12787 4 0
&2 0 0
324 0 0
20561 5 0
25 0 0
142467 0 0
4468 0 ¢
94 0 0
8389 10 0
1515 0

724 10 0

13 0 0

69 0 0
1218 14 8§
645 7 0
15000 0 0

£2142490 0 8

——

Or 88569960 00
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TABLE I
Showing the Amount of Fish Exported from Newfoundland from 1851 to 1863

1
1351, 1842, | 1833 { 1854, 1855, 185¢. 1857, l 1858, 1859 1860. 1861. 1842, 1863,
!
Codﬁsh Dried.. ... |Quintals .| 1017152] 972001 022718 eI N 1107388 1268314 1392322 1008039] 1105703 1130544 123973 1260837 999089
Core-tish. ., .. o 420 210; 24H0 1078 , G04Y) 1142] 1150 835, 3402 s 420, 505
¢ Presli fro: en o
¢ Oil, erwte.,., (Tuns ..., 318 arss ann 3200 ams 3091 1522 4968 1301 400 Risy arag) 2597
**  Liver Qil,reft. o e l'.‘TI 370 200 262 208 Ta2 Rin 24 426 205 3»‘ 2]
“ Roey.-. JRarrels.... ' 118 G
¢ Bounds&T Phys . K3 S 1039 G620 1023 I pHA1L 209 430, 99 R4 uae 1077 w2
Haddock . Ou.nu [ 1135
Halibut 12 w1 30 18 a2 o X 10, 58 190
Herring.. Bdrrtls . 36290 d2715] 5140 36152 #2002 32294 41730 S ’lu.; 60910 6511 8191 $4504 68576
5 smoke(l JBoxes .o, 254
¢ froven fresh....| arrels ..
 Oilieeees voeeoTuns ... 1 1 1} 3 3 1 17
Turbot.eeeoees. .o |Quintuls., N 2 S
¢ Simoked.... o
. Lobsters. . LbS coennn 87 (D) § 8 (2)
8.ahnon T crees..... 405 3409 hied 3753 30.0, 273 2805 gl Rrati 2908 N85 H438) 6528
& presery ity 6N Lis ooesns ! ! [ 6 109 9 14 'S
TrOltees.ee.. Barrels. ™ £0 64l 73 1y o 129 a1 a1 550 77 540 4
Caplin.. P § 13 YT S hdd 57 1148 874 354 40 17 R 200 s! 191 9 95
Mackerel,. Barrcls... 0 a [il] 12 w3 133 7 4 a17] 2
Doglish Oileae.eunafTuus oeus | 7 8} 7 3 19) 1
Whale Oil.. S B LA 11 ol 19 IR 17 22
*  Bone......[Cwt. .ce.. 10 39 10 13 2
Blubber and Dregs.iTuns..... 20 333 236 414 REX] am A& 7 122 202 147
Seul Oiliveeaesaned ... fiim38 TEH 8147 hOnT 760 5004 7165) #i77 NO8h 4673 5288} 343 4195
¢ Skins....... I Numler ., allnﬁol ARISEET K2178 30870 3617 $0:41134 0524 J20185 344202 31682 208024 237151

1, Tuns. 2, Cases.

TABLE II.
Showing the amount of Fish Exported from Newfoundland from 18G} to 1870.

1864 1865 146 1867 1863 1569 1570 1871 1872 1873 1874 1875 1876

Codﬁlh Arled.icececaraciaases.. . Quintals 101623 | 007114 | 030447 [10G6215 [ 1TCOMS [1204056 112137487 |1328726 (1221154 11360205 (1600724 11136235 (1364008
Core Fish... o 403 [} 2345 1042 G40 730 1623 004 30 950
‘e ¥resh frozen.. . o 458

o Oil, crude,.eeeers. |Tuns bix) B4 2816 3011 4143 hiugs 4528 KL 5218 4133 3054 2010 2000 parsy
" Liver OQil, Retined A 2 {419 S fres o35 833 41 138 peid | 321 & 80 112
e Rocs...... Barrela 8 1000 342 TS 1002 fLI 1265 3039 910 858 1158 221 715
' Sounds and Tongues.....|Packages 455 024 185 816 500 1560 452 piti) 124 b 27 164 119
Haddoek.e. conciieccee soeaeaess|Qnintals 1024 ucs 37 5 837 1710 K] 630 12 1703 18 144 535
Line...... . ¢ o4
ilalibut... . " 603 051 424 T 740 o4 ks 450 420 1348 1440 330 32
Herriug..... aesense < Barrels 40333 | G440 | 203782 | 140TT6 | ISTIG3 § 179440 | 140680 | 187439 ) 1408TR | 12260s | 183056 | 102630 | 201751
o frozen fresh. o 632 3 Cs | 10550 8500 | 14450
. * 13 200t 200
.|Tuna 13 611 1% ™ 30 2 20 50 18 20 20 19
.IQulnmln 1571 L3s0° 32 20 B 13 15
K o S
‘Lbs. 20 20814 § 144728 6046
e eeees veevenn licrees 3115 4319 5340 6303 0214 ("N} 3977 5049 Wi 7583 $101 7438
‘¢ preserved in “tina.. I.bs. 23 36562 | 50120 | 502s8
Trootieeeceieccecarce e Barrels T2 305 Nn37 1523 1330 454 2169 1552 2244 145 v
Caplin.. Pucknges 405 il 0o 147 1% 1 o7 396
Mackerel... Burrels 155 7 9 1019 1374 604 47 47 1
Doyfish Oll ‘I'uns 15 11 1 6 7 8 i) ¢ n
Whale Oil.. g 23 48 (2] 75 21 9 38 o7 a2 37 21
“ BoncCiecoesen Cwis 250 1 17 57
Blubber and Dregs. Tuns 104 84 1908 210 70 1 143 81 02 72
Beal Oil..caesane i 3267 43513 n142 4855 1 L4s0 6369 SH04 4223 G335 3355 4071 469%
Beal SKinB.....c.oveerasveraiasacestNUumber 12500 -0 242371 1 B2 1 3S0GT2 1 43RUIG 1 o3021 1 A4S | 537004 | 278302 | 40dhs1 | 30386 | R46024 1 341811

* Number of Turbot.
+ Barrela.
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. TABLE showing the Grudual Progress of the Value of the
Products of the Newfoundland Fisheries during each Group
of Five Years, from 1852 to 876, inclusive.

Average Value of Exports. Group of Five Years,
1852 to 1856........... 85,166,129
1857 to 1862. .......... 6,132,302 -
1862 to 1866, ......... 6,080,445
1867 to 1871..........4 - 7,011,407
1872 to 1876........... 7,847,661

No. IIL
PRODUCE OF UNITED STATES SEA FISHERIES. [1f

Year. Value.

1870. ... ..o S 5313067
1871 11,482,410 .
1872, . 9,526,647
1873, . 8,348,185
1874, 4,522,553
1875, i 10,747,579
1876, .o 9,756,683

1. United States Ofticial Returns.

DETAILS OF UNITED STATES SEA FISTIERIES.—COLD WATER FISH,

Estimate for 1876.%*

SPECILS. Agpregate Value.

Cod (fresh) New York.. S 325000
= “  Gloucester, Bo~-l
Lf S ton, &e.......1 800000
= Cured. e el 3698915
S Roes ..oovvnn. .. 1625
© ' Tom Cod... . 5500
[ Total of Cod Fish Tribe.. I £4831040
2 M'\cl\elel (fresh). . ... 701040
2 -
T :{ cared............ 1674222 | -
&5 Total of Mackerel Tribe...j.......... 2375262
= .
Flounders and Flat Fish.....| 109620 !
Hallhut (fresh)............. 1172205 |
= “ New York..... 125000
= 2 (cured) GIO'.l(.LStCI X ’
2 E_—:— &c flitches.. ....... .. 236010 !
= “ l<ms 12750
apes ............ 275
L Total of Kiat Fish Tribe..|.......... | 1546240
SeaShad................... 235637
25 T Alewifeo ..o - 53387
E2 S Heming. ... 48144
g & “ (eured)............ 457833
Total of Herring Tribe....f.......... | 799001
1
Smelts.. ..o 50000
Eels. oo i 37500
Salmon.......oo.oo i . 5020
Total varic of Cold Water Sca
Fisheries . cees S SO75366S3

2. Compiled from Tables by George Browne Goode Esq., for Professor
Spencer I'. Baird, U. 8. Commissiongr of Fish and Fisheries, 1877,
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UNITED STATES SEA FISHERIES.—WARM WATER FISH NOT FOUND
IN BRITISH AMERICAN WATERS IN COMMERCIAL ABUNDANCE.

Lstimate for 1876, ™

Species uf Fish. Aggrepate of Value.
Tantog. . ...coooviiiiii i s 70,788
Spanish Mackerel.........o.oooL 28,875
Bonmito.......... oo i 143,000
Pompano ........ ol 4,000
Swordfish.. ........coiiii i, 165,000
Batterfish, Whiting, White Perch.... ... 3,000
Sea Robins........................ 2,250
‘Squeteague. ... 138,208
Kingfish............ oo 2,000
"Spot and Croaker.......... ... 3,625
Sheepshead ... ..o oo 13,125
Seup..... e e e e 504,400
Sea Bass........ooiiiiiiiiiit, 74812
Striped Bass...... ... oo 21,560
Bluefish. .. ... o oLl 424,080
Menhaden............ ..o it 1,657,790
Cubmner™ .. ... ..o 10,000
STUrgeon. . ... 5,625
% 3274138
Cold water fish. . ... . o ... © 0,756,683
Total. ... ... L $13,030,821

Product of dmerican Fisheries other than whide, received into
the Customs Districts of the Uniled Stutes during the fiscal
year ended June S0th, 1874 : ¢

Articles, Quantity. YValue.
Cudtish—cured.. .o... geees emnans 850.732 cwt. 83,694,483
Mackerel—cured.. ...c oo vvuecaen 418.627 * 2,822.766
Herring—cured. cee,evve e tresns 114,552 « 199,209
Other fish—cured. .o veeu.vnn. 71,663 « 202.620
OFStErs coverveen i siasanesseens 11,050 bush. 8,620
Other shell-fish..coo .. coeiiiilonenenne cesoenes 372,950
Fresh fish, rot shell-fish.......... 31,777,666 pounds. 1,108,169
Oils, other thun whale... oo .. ooo| 1,405,743 gallons, 699.121
Teetheeeevennn. PN 47,741 pouuds. 12,083
SKittferiiieceeeocrnsanacrnnscnns 15,966 No. 99,617
MADUrE.ccenscecssrotsecanssnns 23,398 Tons. 224335
All other products............... 78,0676

Totul value.oe. o veeer vene $9.522,553

1. Compiled from Tables prepared by George Brown Goode, Esq., for
Professor Spencer F. Baird, U..S. Commissioner of Fish-and Fisheriee

2. The Cunner or Blue Perch occurs as far north as Newfoundland.

3. Anoual Reportof the Chief of the Bureau of Statistics, Corurerce and
Navigation, 1874,
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Produce of Americun. Fisheries, other than whale, received into
the Custom Districts of -the United Stutes during the fiscal
yeuar ended szc 30,1875. M

Articles, Quantity. \'nln_nc.
Codfish—cur~d. ......... 4 eeereeeienes 756,543 cwt. $3,664,496
Mackerel—cured. ....... erieemieaa 5H27,633 2,655,623
Herring—cured ..... ... e eaeaas 124,215 « 265,463
Other fish—cured. ....... e veernn | 1,125,654 - 337,971
OFsters. coooeve y vevei crevanee veenns 21,870 bush. 16,725
Other shell ('sh B N l 308,519
Fresh fish, not shell-fish . ............; 39,726,788 pounds.; 1,665,201
Ouls, other than whale.. ........ ceeee | 1.OVD.054 gallons' 459,227
Teeth ' ceerienriiiieerieeniraie aeee 58,941 pounds.| -.28,517
N1 3 T ST SPPN 24,645 No. 164,523
Muntire . cveiie vt ciiee e eenaens 44,458 Tons, 783,299
All other produets.. . cooeereianennn. - 397,965

Totul value. cooeoeee coven viviifovnnen aee. PR §10,747,579

Comparative Table showing the Product of the United Stutes,
Dominion and Newfoundlond Cold Water Sea Fisheries
from 1870 to 1876.

VALUE IN DOLLARS.

YEAR. Uunited States, Domunlon of Canada, Newfoundlund,

5,313,967 7.0C0,C0 7,200.298

11,482,410 8,00,000 8,086,¢°81

9,526,047 0,571,116 0,954,528

8,318,185 10,754,088 8,133,965

9,522,553 11,681,886 8,611,710

10,747,570 10,347,886 7,845,328

9,756,683 11,019,451 7.687,877

Product of the United States und of British Amm-w(m Cold
Water Fisheries Compared.

YEAR. United States. British North America. Difference.
5,813,967 14,261,298 S,947,331

11482410 16,086,081 4,603,671

0,526,647 16,624,644 6,997,997

8,348,185 18,793,953 10,445,768

9,622,563 20,193,596 10,671,043

10,747,579 18,193,214 7.445,635

9,756,683 18,707.328 ’ 8,959,645

From this table it is evident that the mean annual yield of
the Sea Fisheries of the United States,—the greater portion of
the catch being made in waters off’ British Awerican coast
lines,—is not much more than half of the combined catch of
the Dominion and Newfoundland.

1. Annual Report of the Chief of the Bureau of Statistics, Commerce and
Navigation, 1875 - Page 818. )
2. Cald Water Fish.  (Sce page 62.)
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SUMMARY.
Total valuo
. tn Dollars,
I Britjsh European Sea Fisheries............ $34,090,000
II. British American Sea Fisheries™ .......... 20,193,596
III. United States™ ....... e .. 13,030,821
IV. France®™ ................ D e 12,166,666
V. Norway™ . ..o 6,250,219
VI. Russia, (European Sea Fishovies)........... < 2425156
“ (Asiatic Fisheries.................. 10,896,625
VIL Netherlands . .. ......coe e 1,635,725
1. 1874, .
2. The Oyster Shell Fish Industry of the United Statex exceods 825,
000,000,
3. 1874,

4. 1874,
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APPENDIX.

No. 1.

“ T have spoien of the discolored portions of the Arctic Sea as abounding in animal life, and this life was nowlere
.80 abundant as in those dark spaces which, as I have already demonstrated, owe this bue to the Dictomecee in question.

. Theso animals are principally speeics of Beroide and other Steyanoplthalmous Meduse ;  Entomostraca, cousisting
chiefly of Arpacticus Kronii. A chelifer and Cetochilus Arcticus and Septentrionalis, and Plernpodous Mollusca—the chict’
of which is the well-known Clio borealis, though I think it proper to remark that this species does not contribute to the
whale’s food nearly so much as we have been taught to suppose. The discolored sea is sometimes perfectly thick with
swarms of these animals, and then it is that the whaler’s heart gets glad as visions of * size whales’ and ¢ oil money”
riso up beforo him. for it is on theso minute animals that the most gigantic of all known beings solely subsists. What,
however, was my admiration (it was scarcely surprise) to find, on examining microscopically, the alimentary canals of
these animals, that the contents consisted entirely of the Dialomaccee which give the sable hue to portions of the north-

“ern sea in which these animals are principally fonnd! It thus appears that in the strange evele of * Nature” the
“ whale's food” is dependent on the Diatom, sn that in reality the great things of the sea depend for their existenee upon
tho small things thereof ! I subsequeutly found (though the observation is not new) that the alimentary canals of most

“of the smaller Moilusca, Echinodermata, cte.. were also full of those Diatomacers. I nlso made an observation which is
confirmatory of what I have advanced regarding the probability of these minute organising giving off” en masse a certain
degree of heat, though in the individuals inappreciablo to the most delicate of our ipstruments.  On the evenivg of the
4ti ot June this present year (1867), in latitude 67* 26 N, the sea was so full of animal (and Dictomuceous) life that
in a fow minutes upwards of a pint measure of Entomostraca, Meduse and Preropoda would {ill the towing net. The
temperature of the sca was then, by the most delicate instruments, found to be 32°.5 Fahr., and next morning (June 5th)
though the air had exactly tho same temperature, no ice a% hand, and the ship maintained almost tho same position as on
the night provious, yet the surfice temperature of the sea had sunk to 27°.5 Fahr., and was clear of lite. so much so that in
the space of halt" an hour the towing net did not capture a single Entomostracon, Melwst or Preroporl. T also found that
this swarm of life ebbed and flowed with the tide, and that the whalers used to remark that whales along sliore were most
frequently caught at the flow of' the tide, coming in with the banks of whales’ food. This mass of minute lite also as-
cends to the surface more in the ealm Arctic nizhts when the sun gets near the horizon during the long summer dav.

In 1861 I was personally acquainted with the death of thirty individuals of the * Rigkt Whalecbone Whale”
(Bulena mysticetus L.) and of this number fully three-fourths were killed between ten o'clock, p. m., and six o'clock, a.
., having come on the * whaling grounds” at that period (from amongst the ice where they had been taking their
siestn ), to feed upon the animals which were then swarming on the surlice, and these again feeding on the Dintumacece
found most abundantly at that time in the same situations. I would, however, have you to guard against the supposi-
tion, enunciated fully enough in some compilations, that the « whale’s food” migrates, and that the curions wanderings
of tho whale north, and again west and south, is due to its * pursuing its living:” such is not the ease.  The *¢ whale's
foud” is found all over the wandering ground of the Mysticete, and in all probability the animal gne< north in the sum-
mer in pursuance of an.instiuet implanted in it to keep 1 the vicinity of the floating ice-ficlds (now melted away in
sonthern latitudes), and again it goes west for the same purpose, and finally goes south at the approach of winter—bus
where, no man knows. :

"There are some other streaks of discoloured water in the Arctic Sea known to the whalers by various, not very eu-
phonious names, but these are merely local or-accidental, and are alzo wholly due to Dintom-teee, and with this notico
may be passed over as of little importance. T cannot, however, close this paper without remarking how curiously the
observations I have recorded afford illustrations of repre<entative species in ditferent and widely separated regions.

In the Arctic Occan the Baleene mysticetus is the great subject of’ chase, and in the Antacctic and Southeen Seas the
hardy whaleen pursue a closely allicd species Balene Auwstralis. The northern whale fez:ls upon Clio hocealis and
Ctocheilus septentrionalis ; tho southern whale feeds upon their representative species Clio AAustrelisand Cetochilus Awstralis,
which streak with erimson the Southern Ocean for many n league. The northern sea is dyed darvk with o Diatom on
which the Clio and Cetockilus live, and the warm waters of the Red Sca are stained erimson with another Alga: and I

" doubt not that, if the southern seas were examined as earetully as the northern hiave been, it would be touud that the

‘southern * whales’ food” lives also on the Diatoms staining the waters of the Austral Ocean. ‘

I do not claim any very high credit for the facts navrated in the forezoing pipers, either general or specific, fur
“really it is to the exertions of the sailor-savant, William Scoresby, that the first hght which has led to the solution of the
_question is due, though the stato of scicncoin his day would not adwit of his seeing more clearly into the dark waters
.of' that frozen sea bo knew and loved so well. At the same I believe that L am justified in concluding that we have now
-arrived at the following conclusions from perfeetly sound data, viz.: “"

1st. That the discoloration of the Arctie Sea is due not to animal life but to Diatomarece.

2nd. That these Diatomaceee from the brown staining matter of the * rotten ice” of northern navigators.,

3rd. That these Diatomaceee forni the fvod of the Preropoda, Medase and Estromstect, on which the B dwae mys-
ticet us subsists. ’ ‘

. 1.. Dr. Robert Brown ¢ On the Nature of the Discolouration of the Arctic Seas.”—Transazctisn: of the Botanical Society of Edin-
burgh; 1870,
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No. 2.
NOTES ON T1IE NORTIIERN LABRADOR TISHING GROUNDS.

(Revised by the Author.)

The Fishing Grounds on the Atlantic Coast of the Labrador as far north as Saudwich Bay, have been oceupied to a
greater or less extent for one hundred and twenty years. Those extending from Sandwich Bay to Cape Harrison or We-
beek, have aiso been visited by fishing eraft for a generation or more; but north of Aillik, about 40 miles from Cape
Harrison, the coast has only been frequented by Newfoundlund cod fishing craft, during the last fifteen years. A Quebec
and a London house have possessed detnched salmon fishing Stations as far north as Ukkasiksalik or Freestone Point,
(Iat. 55953, long. 60°.50) tor about 30 vears, but these have all passed into the hands of the Hudson Bay Compangy.
Tntil the recent publication of Staft’ Commander Maxwell’s Survevs, ©! our knowledge of the Labrador coast has been
chiefly derived from the Moravian Missionaries, and the surveys of” certain harbors far removed from one another, by the
officers of’ Her Majesty's vessels. : -

A glance at Cowmander Maxwell’s charr, when compared with auy-document published previous to 1876, shows
how little is known respeciing the goographical ontlines of this< extended coast line, which, from its amuzing fish wealth,
promises 1o hecome a very important commereial adjunet to Newfoundland.

Tbe leading charncteristics of the const north-west of* Aillik are-as-follows :—

Ist. ‘The shore line is deepiy serrated by a constant succession of profound and narrow fiords stretching from 30
to 50 wnilex into the interior. .

2nd.  It-is fringed with a vast multitude ot Islauds, forming a continuous archipelago from Cape Aillik to Cape
Mugford, averaging 20 miles in depth from the month of the fiords seawards.

3rd.  Oatsidz ot the Lslauds and about 15 miles seawards {rom thewn, are numerous banks and shoals, which form
the summer feeding grounds of large cud, while outside of the shuals, there.appears to be. a second range of banks aund
slopes, which are probably-their winter feeding-grounds. ) -

4th.  ‘The island-studded area forws an iinmense cod-fishing ground, which covers-between Cape: Harrison (We-
heek) and Cape Mugford. a boat fishing grouand, exclusive of the sheals and banks outside, nearly aslarge as.the com-
bined area of the Bnglish and Freach boat fishing ground on the coasts of Newfoundland, @2 ‘

Fur the «ake of distinction. L have styled the area under review, ¢ The Northern Labrador TFishing' Grounds,” be-

- ginuing at Cape Hartizon (Webeck) and, tor the present at least, terminating at-Cape Mugford:

AREA OF THE NORTHERN LABRADOR BOAT FISHERY.

L]

The following table shows anproximately the area of the boat fishing-grounds about. the Island of Newfoundland,
and the northern and southern divisions of the Labrador. From this table it will be seen that the area of the northern
Labrador @ishing grounds alone, exclusive of” the Banks, amounts to ubout five-sixths of the entire area of the British
and French boat tishery on the coast of - Newfoundland.  The area of the inner range of bauks cannot be even approxi-

mately stated.

Compurative Tuble of Newfoundland Fishing Ground Awvea.

Area of ' Fishing Ground,
Geo, Square Miles.

Northern Labrador Boat Fisherv—Cape IHarrison to Cape Mugtord, 260 miles; averaging 20

wiles deepamong Islands. o ooooi o0 coiiaiaa e e . 5200
Newfoundland Boat Yisherv—French Shore~ Cape St, John via Cape Bauld to Capo. Ray, 696
miles, by 3 miles deep—~Shore Fishery. ... .o oo iiiiL e e, 2088
South Shore oft Newforundland Boat Fishery-—Cape Ruce to Cape Bonavista, 294 miles, 3 wiles
deep—Shore Fishery. . oo e Ceeeeaa . 882
- North East Shore of Newtoundland Boat Yisherv—Cape Bonavisiz to Cape St. Johu, 225 miles
3 miles deep—3Shwre Fisherv.. .. ..o oo e . 675
North Eist Share of Newtoundland Boat Fisherv——among the islands in Bonavista Bay and Bay
af Notre Damne, 120 miles, 7 miles deep.. .. .. ..o oo, e e 840
Arca of British Newtoundland Boaw Fishers,. ... ..o o ooii ool Ceeretieaeas 4116
Area of French Newfoundland Buont Fishery,. ... oo oo oi i, e i eeie e 2088
Total area of Newtoundland Boat Fishery.. ..o, e 6204
Area of Northern Labrador Boat Fishery—Cape Harrison to Cape Mugford. . ..... e .. 5200
- Avea of Soathern Labeador Boat Fishery—Cupe 1lavrison. to Blaue Sablon, estinated five. miles
1Y O PN e eiiii e 1900
Total aren of Labrador Boat Fishery... ... it e Ceiieieees 7100

1. The followin letter accompanied the Paper, :
ST. Jomrx's, NEWFOUNDLAND, 8th November, 1876.

$1r,—1 hinve the hoaor ty submit far the tnformation of His Excellency, the enclosed * Notes on the Northern Labrador Fishing
Grounds.”

Since the sketeh Chacts illustrating thew Notes were sent to you in September Inst, [ have had the opportunity of sesing and
studying Commander Maxwell's Chart of the Librador from Sandwich Bay to Nain, published duriog the past summer. This most
valualle aml timely nddition to our knowledge of the Labrador Coust vwill serve to illusttate the accompanying Notes respecting, its
Iishieries, and form to a certain extent the basis of future eoguiry into the resources of these Northern Seas, |

[ s couvinced that investimitions extended over anotlier season, and having the study of the Fisheriesas'faras Cape Mug-
ford or Cape Chudleigh in view, would lend to the acquizition of information of great value to the commercial interests of New-
foundland,if pursued in a scientific manner, and the deductiuns compared with tho results of similar eaquiries on the . Coasts of the
United States, the Dominion, and Northern Europe.

I have the lionor to be,
Your obedient servant,

The Hon, T, B. T. CArTER, M. E. C,, Attorney-General. HENRY Y. HIND.

2. Coastof Labrador—Sandwich Bay to Nain, including Hamiltos Inlet. By Staff Commander W, F Maxwell, R. N, Pub-

lishied at the Admiralty, 10th July, 1876, . .
3. Capt. Chimmo, R. N, states that in 1867 he was informed of the existence of Banks with fish, 50 miles east of. Cape Harrison

( Webeck).
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PHYSICAL OUTLINES OF THE COAST.

' As in Norway, so on the Labrador, the whole coast, from the Straits of Belle Tslo to Hebron, is deeply cut by
profound Fiords penctrating the lund from 30 to 70 wiles.” These Fiords have been mapped as far as Hamilton Inlet by
tlic officers of Her Majesty’s vessels, but beyond that poiut no surveys have been made and published, with the oxeeption
of those before mentioned. As an illustration of une of the unsurveyed Fiords, I append a sketeh plan made this sum-
mer of Kypokok Buy, the next Bay north of Aillik. It is fifty-three miles deep, estimated from Aillik Head, and has an
average breadth of three miles.  Opposite the Hudson Bay Co.’s Post, 35 miles from Aillik Head, the water is more than
fifty tathoms deep, althaugh not above a mile across.  This Bay or Fiurd has been excavated by glaciers, like all the other
Fiords on this coast, and the innumerable Islands off the coast are rocky eminences which have -escaped the general gla-
cial denudation. But the glaciers of Labrador have probably lett even more valuable records, in the form of moraines; ot
their early ezistence here. than deep Fiords or innumerable Islands. These are the shoals or banks which lic some fiftcen
miles outside of the Islands, and on which ice-bergs strand in long lines and in groups. I have styled thew the Luner
Range of Banks, to distinguish them from a supposed Outer Range in deeper water, where large “ice-bergs sometimes
take the ground. The inner bauks, a8 far as they are known, are stated by fishermen to have from twenty to forty fa-
thoms of water on them  Commander Maxwell’s soundings between Cape larrison and Gull Island near Hopedale,
and just outside of the Island Znne, rarely show dopths greater than 40 fathoms. In one instance ouly, in a distance
of about 110 vantical miles, is a depth of 59 tathoms recorded.

ABSENCE OF ISLANDS ON THE SOUTHERN LABRADOR.

The Admiralty Chart portrays a very important. confurmation of the Labrador Coast line, from St. Lewis Sound to
Spotied Islind. The trend of the Coast line between the Battle Islands, Svuth of St. Lewis Sound, and Spotted Island,
-Dowino Run, u distance of 65 niles, is due North, and with very few exceptions there are no islands off the Coasg
throughout this distance, excluding the group close in shore botween Spotted Island and Stoney Island. As soon as the
Const line begins to turn North-westerly, Islands become numerous, and continually increase in number as far as Cape
Mugtord; and even towards Cape Chudleigh. Berween Cape Harrison and Cape Mugford the Island zone may be esti-
mated as having a depth of twenty miles from the mouth of the Fiords seawards. The cause of the general absence of
Islands South of Spotted Islaud und Stoney Island can probubly be traced 10 the never ceasing action of Northern ice,
driven on the Coast line where it snddenly mukes its southerly bend, by the influence of the rotation of the earth upon
the Arctic Current.®”  This current sweeps past the Labrador with a speed of from 1§ to 2 knots an hour, and 3 west-
erly pressure, due to the earth’s rotation, which may be estimated at about eleven inchies. That is to say, the mean
level of the sen on the const of Labrador is supposed to be about eleven inches above the levei it would assume if uninflu-
enced by the curth’s rotation.*>  Au soon as the ice-ladened current reaches Spotted Island it is in part relieved from
this pressure by the trend of the Coast from South-cast to due South, hence the current changes its course southerly and
on to the land.  But the eflect of this sudden change in the direction of the current near the shore is to throw the ice-
bergs on to the coast {rom Spotted Island to Cape St. Lewis, where they may be scen stranded cach year in great nui-
bers. The Islands which doubtless once existed here, have been removed by constant abrasion, acting uninteruptedly
for ages, und with the Tslands the moraines lying seawards. We may thus trace the cause of the vast difference between
the distribution of stranded ice-bergs South of Spotted Island and North-west of it. In one case they are stranded near
tho ceast line, weuring it away and deepening the water near it, assisted by the undertow; in the other case they are
stranded some fifteen miles from the Island fringe, and continually adding to the Banks the debris they may bring, in the
form of mud streaks, from the glaciers which gave them birth in the far North and North-east. Itis more than proba-
ble that this distribution of'ice-bergs has a very important bearing upon the fuod and feeding ground of the Cod, which
justifies me in referring here with so much detail to the action of glacial ice.

RELATION OF THE CODFISH TO STRANDED ICEBERGS.

Upon what forms of lifo do the cod feed on the Northern Labrador coast, where the summers are so short, the cap-
lin, the herring, the squid, and even launce comparatively scarce, and where ice-bergs continuully abound ?  The an-
swer may be expressed, speaking generally, in one word—crustaceans.  These arc infinite in number, from the minute
sea-lice of the fishermen to a large crustacean resembling a prawn @ crabs are very numerous. as well as mollusks. Al-
though the caplin is said not to appear on the coast in large schools above the ltitude of Nuin, the herring is not reported to
be numerous bayond Ukkasiksalik, the squid is stated not to be found beyond Domino Run, and the launce is considered
to be the only known Southern Labrador fish which visits the northern cossts in great nambers, yet erabs, shrimps, prawns
and *herring bait” with medusge occur in vast profusion, and form, with mollusks. the chief food of the cod. The officers
in charge of the Hudson Bay Co.’s Post at Ulkasiksalik informed me that at the more northern Hudson Bay posts, if
seals were left in the fall of the year for a single night in the nets, the head was sure to be clexned to the bone by prawns.
He also stated that in the northern waters opposite Hebron, Lampson and Nachwack, the cod feed on u small fish bear-
ing a resemblance to the ordinary tommy-cad, but that crustaceans were their chief food The connection existing be-
tween ice and the food of the cod is not apparent nt the first blush, but when it is borne in miud that infusorial forms
and diatomacea: abound in sea-water in the immediate vicinity of arctic ice, and on these minute organisins larger torms
of life find sustenance, which again become the food of crustaceans and different species of fish, upon which the cod are
nourished, the chain is complete, and the relation of stranded ice-bergs to fish life on the Labrador becomes apparent.
It hias been shown by the lubors ot the United States Fishery Commission, that the cod, which once existed to a large
extent on the New England coast, has been starved out by the destruction of its food, and valnable fisheries ruined, but
not beyond the power of restoration, if the remedial measures suggested are faithfully carried out and suflicient time al-
lowed.  But on the Labrador, particularly the northern portion, through the unfailing advent of Arctic ice, a perennial
supply of food is indirectly supplied to the cod, forbidding the iden of starvation on these coasts. @

THE INNER RANGE OF BANKS. .

The foundation of the inner range of banks consists, very probably, as already stated, of glicial moraines. 1In their
present state they may reasonably be assumed to be formed in great part of remodelled debris brought down by the same
glaciers which excavated the deep fiords.

The absence of deposits of sand in the form of modern beaches on every part of the Labrador Coast visited this

1. Seen paper by the Author, published in Vol. VIIL. of “ The Crmadian Nuturalist,” entitled * Notes on some Geological Features
of the North-eastern Cuast of Labrador,” Apyil Gth, 1877.

2. SeeColding *“ On the Laws of Currents in Ordinary Conduits, aud in the Sea.”—Nuzure, Dec. 1871, .

3- Scen paper by the author entitled, “Notes on the Influence of Auchor Ice in Relation to Fish Offxl and the Newfoundlend
Fisheries.,” Part I. and Part II.  St. Jolw's, Newild, 1877.. .
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season, ¢xcept one, was very marked. The exceptional area observed lies botween Sandwich Bay and Hamilton Inlet,

Cape Porenpine being the centre. 1t is protected from the northern swell of the acean by the Indian Iarbor Islands

and promontory, Here large deposits of sand are seen covering many square miles in area. The reason why sandy
beaches are_not 10 general found on this coast, notwithstanding that enormous quantities of rock are annually ground up-
by coast ice, and ice pans driven on the shore, arises from the undertow carrying the sand seawards and depositing it on
‘the shouls or banks outside of the Islands. :

It may be advisable here to advert to a popular error which assumes that the depth of water in which an ice-berg
srounds is indicated by the height of the berg above the level of the sea. It is commonly stated that while there is one--
niuth above, there will be cight-ninths of the berg below the sea level.  This is approximately true only with regard to.
volume or mass of tho berg, not with regard to height und depth. A berg may show un elevation of one hundred fect
above water, and vet its depth below may not exceed double that amount, but its volume or mass will be about eight
times the mass ib. shows on the surface. lence, while iccbergs ground iu thirty and forty fathoms of water, they may
expose 4 tront of one hundred or one hundred and fifty feet in altitude, the broad, massive base supporting a mass about
one-ninth of its volume nbove the sea level. : :

.

. - MOVEMENTS OF THE COD ON THE LABRADOR.

The following tables show the periods of first arrival and last cateh of Cod on the Newfoundland and Inabrador
Coasts. In framing these tables I have been careful to elimmate extreme seasons. tor she Cod have been known to ap-
proach the shore during @n exceptionally carly season. a fortnight or three week« souner than during the average. of
vears. Earlv and late springs oceur in the movements of fish just as irregularly as in the movemeuts of migratory birds
or in the leafing and flowering of plants.  The Salmoun and the Cod gencrally come within a week of one another, and
the Eskimo of Ukkasiksalik have a tradition that the Salmon may always be Iyoked tor on the day of the first spring
tide atter the 16th Julv. ln 1875. a very late season, Codfish were not taken before the 7th August; this year they
came in on the 20th July. and this accords with the experience on other parts of the coast.

. An impression prevails nmong fishermen that the Caplin are * moving north,” and that the Cod are following them.
This opinien is not shared by the missionaries who have occupied the coast for n conturs.  Thev have known the Caplin
as far north ax Nain for many vears. On the Admiraliy Chart of Port. Manvers (lat. 57, long. 62.7) thirty miles north
of Naiu, constructed by Capt. Manby in 1803 and published in 1871, Caplin Bay is the name given to an anchorage at
Port Manvers, from which it is manifest that Caphin were seen there sixty-eight years ago, or half'a century Lefore the.
fishermen passed Aillik Bay, or even Cape Harrison, nearly 200 miles to the south-east. The Caplin, however, is not
known to the officers of the I1. B. Company’s I'ost. or to the missionavies, beyond Cape Mugford.

Elsewhore it is shown that the Caplin is an inhabirant of seas very much farther to the uorth thap. these washing
the Coast of Labrador. It is abundant on the South Greenland Coast, and visits the Northern Coasts of Norway in in-~
calculuble numbers.

. V- . .
TABLE ghowing the approximute mean date of arrival of Cod, mean dute of departure, and mean length of the Fishing
Season for Cod, in North-eastern Newfoundland, Sitheric el Northern Lubrador : :

,Vth. ’ ., v A. Locality. ll Mean Date of Arsivl, Mc‘;?é{;‘ﬁﬁg{_gow g:;::;gﬂl’ozf
NEWFOUNDLAND,— !
47.30 Conception Bay,........ e Ist. June, 20th Nov. 3
48.20 Bonavista Bav,o oo 10th  « 10th
48.30 Notre Dame Bay ..o 20th -« 10th «
50. Cape St. John to Par. Point,.. .. 20th ¢ Ist ¢ »143 days.
49-30 White Bav................... 10th « lst '
51. ! Cape Rouge Harbor............. 10th ¢ 1st  «
- 513 I Cape Buuld to Cape Onion, .. .... ] 20th - 20:h October J
Over fowr deyrecs of Latitude.
[SonTiERy Lanrapor,—
52,0 Chateau Buay, oo ..o vieait 20th June, -1st October 3
53.24 Batteaux, cooe e eierneeunnn.s 12th July, 10th « [ 87 dav
54.26 Indian Harbour,........... .. .. 15th « st pS7 days.
54.56 Cape Harrison, ......... . ... 1Sth « st J
Quer three deyrees of Lutitude.
* INorrTnerS LaBrapor,—
55.14 AR, ove e eeen e 20th July, 1st October |
54.87 Kypokok, ...ooieiiiiinn 20th « st «
55.27 1lopedale,..... e e 20th - Ist  «
53.30 Double Island Tarbor, . ... 22nd ¢ st © o« :
55.52 | Ukkasiksalik,. .....coovoeilt 28th  « Clst p61 days.
56.33 ; N, ceeeinienneannn e 28th « Ist
37.30 Okak.. ..o i, . 28th « st ¢
58.30 Hebron.. ... T .. 15th Aug. 25th Sept.
58.46 l Lampson,.. ...oooveiinin. 15th 15th « J

Over three and a half degrees of Latitude.

Trom this Table, imperfect as it is, wo may deduce the following law: « Over an area_extending wvortherly from
Conception Bay for seven hundred miles, the cod approach the shore about one week later for every degree of latitude
we advance 1o the north.” o . : ‘

. These tables show also that for a period of about forty days the cod-fishery goes oun simultancously -during August
and September, throughout the lengih of a coast line extending from latitude 47° to latitude 58°.30, or more than soven
hundred statute miles in one continuous line. Hence it appears that the migrations of the schools of this fish are mere-
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1y from deep water winter fecding arounds to the nearest coast spawuing arounds, and from the coast to the nearest
decp water feeding gronads again.® | The coast migeations during the s:anmer months nppear to be of cqually  limited
extent, and schools of cod frequenting any particular cowst, my be w1id to be (NDIGENOUS to it.

On the Labrador, especinlly in well-known deep bavs, sneh as Hunilton Iulet, the coast movements of the fish ap-
pear to Lo very regular and determined 1o 4 largs degree by the tidal curvents.  The eiplin generally precede the Cod
by a few days, and these fish are known to approich the coast and enter sandy coves for the purpise of spuwviing,  The
same meteorological influence which guides the movements of the e affzets also the periods ot spawning of the -ceaplin.
I saw numerous schools of this fish spuvning in Lreinity Bay ou the 27th June, a mouth liter they spawu in Kypokok
Bay, and still later further to the north. :

-

PRESENT STATUS OF THE NORTHERN LABRADOR FISHERY.

About four hundred fishing erafe, from eighteen to ninety tons barden, arz supposed to huve passed Cape Harrison
this senson. ™ Taking the average of the entire fleet, they cirriel ewch cight men, threo fishing by w« and one shore
boat. Out of the 3200 hands, we muy esumz that 24%) were actually engueed in fidhing,  Tae estimated cateh was 60
quintals per man, or in the aggregate 144.000 quintals.  Thi< work was necomplishe:linan averag s ageregate of twenty-
four fishing days, and to « lurge extent with the jigmer, @ that is, without the use of hait. The average weight of the
fish is about 3 1bs fresh. Allowing 130 fish to the quintal the number taken would be ubout eighteen millions, the
number wounded and lost about four and a halt’ millions, althangh some hermen consider that one fish out of three is
wounded Ly the jigeer and lost when the fish are very numerous,

. During the gale of the 11th and 12th of September there lay next to us in Indinn Hacbar, oft ITamilton Iulet, a
.amall ceraft of 30 tons burden, just arrived from oft Nain. She had been fishing about the lshnds near the Missionary
Station in lat. 56.40, abont 600 miles north west of St. John's, wuid in three wetrks had tiken three hundred quintals.
Ier comnlement consisted of six men and two fishing boats.  She arrivicl, like all the fishing flzot this yeur. too lute to
take advantage of the senson. The cod had “strack in” many days betore she con naeed fishing. © 1lad she aveived
a fortnight earlier. she might easily lave taken 80 quintals to the man in place of 31, but she had wsed «ll ker salt, and
the crew were satisfied with the result.  Mer lishing days were eighteen in numbze, exelnding Sundays, which are always
observed by fishermen oun this coast. .

Aunother ciaft, also lving alongside, aud hailing from Notre Dame Bay. was of 60 tons burden, her complement 12
men and 4 boats.  She rewhed the islands off Hopedale (lat. 55 27) on the 22nd July, fished for six weeks and took 700
quintals of fish or about 60 quintals per man.  She takes her green fish direct to Notre Dame Bay to make there. No
fish are made or cured on this shore. as yeb, north of Lmg Island Tickle, some twanty-five miles north-west of' Cape
Harrisou.

Hitherto on the Northern Labrador evast, the jigeer, as alrendv stated. has b2en almnst exelusively used ; it is only
lately that lannce have been tried as bait, and with marked suceess.  Bus it is weli known that only the sinaller sized
cod come inta shallow water, the largar fsh romaining t) fezl on th2 binks outside and in deepee water. Very few ab-
tempts have been made to fish on the Labrudor Banks, but when teied, [ have been assured by trustworthy persons that
large fish have alwavs been takon with buit.

Larger boats than those used abont the islinds are required for this kind of fishing; indeed a totally different or-
ganization and equipment will be necessary for the Northern Tibrador Bunk Fisheoy, which appears destined to become,
under proper encouragem3nt and management, the FISHERY OF THE FUTURE,

THE CLIMATE.

. .

Experience, now extended over twelve years, shows that the seasons are sufficiently late and long to. permit. New-
foundland fishermen to come from their homes after spring fishing is over there, and their garden work attended to.
They may acrive on the Northern Labradoe Fishing Grounds from the tenth to the twentieth of July, or even later if
they go worth bevoud Nain,  They may return in gencral by the tenth to the twenticth of September to Southern Lab-
rador rooms, or even to their homes, with full fares of areen fish.

The extremities of many of the deep Fiords from Cape Iarrison to Ukkasiksalik or Freestone Point, a distance in
an air line of 120 wiles, contain timber fit for spars, for the coustruction of ¢ fore-and-afters” and for all ordinary build-
ing purposes. The climate there, namely, ¢ the hattom of many of these deep Fiords, permits of the eultivation of po-
tatoes and other garden vegetables.  Between Aillik and Uxkasiksalik, there are at pre<ent about sixty resident settlers
in the deep Fiords, most of whom have been in the service of the Iludson Buy Co. or the fishing firms already named,
and some of them are married to Eskimo women.

There are severnl other points of great interest in rexnrd to the Northern Tiabrador which are worthy ot notice, but
the details would swell this paper to dimensions fir execeerling thoso ot a lirief descriptive outline sketeh of a compara-
tively new field for that Iind of enterprise and industey in which Newfoundiand is so distinguished, aud from which she
anuually derives so much wealth. . ’

The expansion and preservation of her fishing eraunls for tha use of her own people, appears to clatm, however,
thoughtful and liberal cousideration, and not only from those who may prolit by the Industry, but from those also who
may be able to assist in lessening the difficulties with which it is beset, in ameliovating the hardships inscparable from its
pursuit, and in aiding the dovelopment of tho resources of the vast area it may yet be mude to oceupy. ‘

St. John’s, November Sth, 1S76. HENRY Y. IL[ND.'

This law regulating the movements of several apecies of fish has long since heen recogni ed in other countries,

Capt. Chimmo in 1867 was informed that 200 sail had that year passed Cape llarrison or Webeck going North.

Bait was used in Stag Bay, but northof Aillik almost all the fish were taken with the jigmer. The launce i3 stated to have
been used to & small extent, ns well ae IMPORTED bait. The “jigger™ is an implement mude of lead or tin in the shape of a fish,
with & cod hook soldered toit. It i3 apidly drawn up aud down about a yard from tho bottom. No beit is used, The priuciple is
tho same as the use of a ‘¢ apuon” in trowlling. .

3. 1n 1867, n year of great eatch on the Labrador, the cod aud caplin *“struck in” at Icy Tickle, Indian Harbor, on the 10t
June, many days before the fishing fleet arrived. .

-«
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