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ABSTEACT

Commercial catches of mackerel from coastal waters of
eastern Canada and New England were sampled in 1965 and 1966 for
length, age, meristic counts, sex, maturity and otolith annuli
widths. Various tissue were analysed by vertical starch-gel
electrophoresis for different enzymes and a tagging program was
preformed. A length of 20 cm is reached by the first autumn.
First spawning occurs at 30 cm(age II). Females are larger than
males. The dominant 1959 year-class shows growth which is slower
than the other year-classes and this may be related to competition
in the first year. It's growth rate is similar to that of
mackerel in the English Channel but much slower than for the 1923
year-class in New England waters. An apparent "Lee's phenomenon"
was present. A "Walford plot" did not adequately describe the
growth of the 1959 year-class. The dramatic fluctuations in
abundance are caused by unequal survival of different year-classes
which is related to fluctuating environmental conditions and
inversely correlated with the numbers of spawners. In late May
the main body of the northern population migrates from the vicinity
of Georges Bank toward the coast of Nova Scotia and then into the
Gulf of St. Lawrence to spawn and feed. The largest fish arrive
first. In autumn the fish withdraw towards Georges Bank. Year-
lings migrate in a similar pattern but appear a month later. No
differences were found between the northern and southern popula-
tions and it is suggested that some of the year-classes found in
the two areas belong to the same population. Three major isozymes
of LDH are present in mackerel, and extra isozymes were found in

brain, eye and kidney.
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I SYSDhslIC PUSILION, DuSCuIPLION .l LIFs HISLKOY OF

Ly MackarsLh
(Linnaeus 1758), is placed in the Order Perciformes (Berg 1947)
or Percomorphi (ieagan 1929), Sub-order Scombroidei and the
family Scombridae, which is closely allied with the Family
‘hunnidae. [Fraser-frunner (1950) places only two species,
omber scombrus and Scomber japonicus (Houttuyn), in the Genus
Scomber whereas Matsui (1967) includes a third species, Scomber
Cuvier). Both authors consider the atlantic chub

(
mackerel, Scomber colias (Gmelin) to be synonymous with Scomber

The following description of the atlantic mackerel
was compiled from Bigelow and Schroeder (1953) and Leim and Scott
(1906). The body is elongate and fusiform, tapering to a narrow
caudal peduncle bearing two short lateral kcels but lacking the
mid-lateral keel of the Thunnidae. The head is proportionately
long (one yuarter of standard length), tihe mouth is large extending
to the level of the middle of the eye, each dentary, maxillary,
vomer and palatine bone bearing a single row of small, slender
teeth. The eye is partially covered by large, anterior and
posterior masses forming the transparent adipose eyelids. The
first of two dorsal fins originates at the level of the pectoral
fin and is supported by 10 to 1% rather weak spines which can
be adducted into the mid-dorsal groove; the second dorsal fin
is approximately the same length as the first dorsal but only
half as high and is supported by 12 (9 to 15) soft rays. The

space between the two dorsal fins is twice the base length of
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the fins. Five (four to six) small finlets follow the second
dorsal fin. The caudal_fin is broad and deeply forked. The anal
fin has one spiny ray and 12 (9 to 14) soft rays. It is followed
by five (four to six) anal finlets similar in form to the dorsal
finlets. The pectoral fins are located high on the side, a short
distance behind the opercular opening; thne pelvic fins are small
and thoracic in position. The scales are small and the skin has
a velvet texture. The lateral line is distinct and the air bladder
is absent. The absence of the air bladder and the large space
between the two dorsal fins distinguishes the Atlantic mackerel
from the other Scombrids.

The upper surface of the body is a steel-blue colour
with 23 to 33 dark, wavy bars, stopping about the midline. The
pecloral fins are black or dusky, the dorsal and caudal fins are
grey or dusky. The Jaws and opercula are silvery, the lower
sides are silvery and sometimes bLlack spots are present, and
the belly is silvery wnite.

l'ost adult mackerel measure 33 to 40 em (13 to 15 in.)
in fork length and weigh'about 450 g (1 1b). Individuals &s large
as 55 em (22 in.) and 1.8 kz (% 1b) are known. Bigelow and
Schroeder (1953) indicate the largest recorded specimen weighed
3.4 kg (7.5 1b).

The Atlantic mackerel is found in the eastern coastal
waters of the north Atlantic from Spain o Norway, in the
l'editerranean and Black Sea and in the coastal waters of the
northwest atlantic from Cape Hatteras to the Gulf of 3t. Lawrence

(Leim and Scott, 1960). Occasionally tney occur in large numbers
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along the east coast of Newfoundland (Templeman and Fleming,
1953) and they have been reported sparingly from the Labrador
coast (Leim and 3cott, 1935).

Ine Atlantic mackerel in northern Jjuropean waters is
considered to be a separate race from the Atlantic mackerel in
Nortir American waters (Garstang, 1898). The atlantic mackerel
in North American waters has been separated into northern and
southern populations termed 'contingents' by Sette (1950).

Mackerel is a schoolins pelagic fish living in the
coastal waters of the continental shelves. In North American
waters they appear to undergo extensive latitudinal migrations
which can be cor:elated with surface temperatures (Sette, 1950).
They frequent the surface waters from spring to autumn but
disappear from these waters in early winter and are assumed to
overwinter at mid-depth near the edge of the continental shelf
from 3able Island to Chesapeake Bay.

lackerel spawn from late april throush May south of
Long Island. TIhey spawn in lMay in Cape Cod Bay and in June and
July in the Gulf of St. Lawrence. Some spawning occurs on the

atlantic coast of Nova Scotiaj; Sparks (1929) found eggs but no

larvae, however, Martell (personal communication) reports both
ezgs and larvae were found in St. Margaret's Bay in 1957. The
act of spawning has not been observed but is assumed to be simply
4 shedding of ova and sperm into the water. Mature females
produce up to half a million eggs (Setie, 1943). The ova after
fertilization vary somewhat in size, averaging 1.0 to 1.2 mm

7

in diameter, eaci having a single small oil globule averzging
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0.3 mn in diameter. The eggs are pelagic, floating in the surface
wolters above the thermocline. The rate of development is dependent
on tempersture being two days at 21 C and nine days at 12 C
(dorley, 1933). lMackerel esss hatch at temperatures as low as
9 C. The newly hatched larvae measure about 3.0 mr. Early grouth
is rapid, the larvae and posi-larvae reacning a length of 10 ma
in 20 days and 50 mm in %0 days at which size they appear to
aggregate and form schools (Sette, 19%3).

Mackerel feed on zooplankton, chiefly copepods, larval
crustaceans, larval molluscs, and fish eggs and larvae. They
also ecat small fish and large crustaceans and Wilsson (191k)
reported feeding on benthic invertebrates. Feeding behaviour
involves both filtering and zctive pursuit.
IT THS SNVIGONMENT OF [Hi ATLANTIC MaCKEWEL IN CallaDIAN AaTskS

(i) Submarine topography

The coastal waters of the Cunadian atlantic overlie a
very broad continental shelf marked by the 100 fathom (183 m)
contour whicnh extends from 130 kn off'shore along northern
Labrador to 330 km off southern liewfoundland where it has the
greatest expanse of all continental shelves. The broad continental
suelfl west of the Grand Banks forms the Scotian Shelf and Georges
Bank.

The continental shelf is cut by three cistinct channels.
These are from north to south, Hudson Strait, Laurentian Channel
and Jfundian Channel. These channels profoundly influence the
oceanographic charscteristics of the water overlying the shelf

since they bring water of deeper oceanic origin close to the shore
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of the continent (Hachey, Hermann and Bailey, 199%). The
Laurentian Channel is a deep trench delineated by the 200 m
isobath which extends from the edge of the continental shelf
almost to the mouth of the Saguenay River, with an arm, the
squiman Channel, extending toward the Strait of Belle Isle
along the northwest coast of Newfoundland. The Magdalen Shallows
occupies the southern part of the Gulf of 3t. Lawrence.
(ii) Circulation of the water masses and their characteristics

Ihe circulation of the water in the Northwest atlantic
of the Canadian coast is influenced by two major ocean currents,
the Gulf Stream and the Labrador current (fig. 2). The Labrador
current is characterized by water of lower salinity and lower
tenperuture than that of the Gulf Stream. Tue interaction of
tiese two masses along with land drainage determines the circul-
ation and physical characteristics of the water masses of the
Canadian atlantic. rfour definite areas can be recognized. Tiey
are: (a) the Labrador-Newfoundland and Grand Banks area, (b) the
Gulf of 3t. Lawrence, (c) tne Scotian Shelf and Gulf of liaine,
and (d) the Buy of rfundy (sig. 3).

(a) Labrador-lewfoundland and Grand Banks area - The
Labrador current which originates from the meeting of the Baiiin
Lznd cuirent and the ‘lest Greenland current flows southward along
the Labrador coast. 'The insiiore branch has a l;wer salinity and
lower temperature than the offstore branch. The inshore postion
cenctrates, at times, into tihe Gulf of st. Lawrence through tae
Strait of Belle Isle, and at times water from the Gulf of 5C.

Lawrence moves outward through tne 3trait of Belle Isle Joining
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the southern flow of the Labrador current along the eastern coast
of Newfoundland. The Labrador current meets the northern edge
of the Grand Banks, the offshore portion skirts the eastern
margin of the Grand Banks and either flows westward towards the
region of the Scotian Shelf or turns east to join with the Gulf
Stream forming the North Atlantic drift. The inshore portion
penetrates into the deep channel separating Newfoundland and
the Grand Banks. It reaches the vicinity of St. Pierre Bank
and may continue after some modifications and mixing towards the
Laurentian Channel. The characteristic properties of the surface
of this flow are modified by mixing but at intermediate depths
it may be recognized by its low temperature. The surface temperature
of the waters off southeastern Newfoundland ranges from a winter
average minimum of -0.9 C to a summer average maximum of 12 to
14 c.

(b) Gulf of S5t. Lawrence ~ The Gulf of St. Lawrence
is an important area for the spawning and development of mackerel
(Sette, 19%3) and for this reason a detailed description of some
ol the oceanographic reafures of this region is given.

I'he pattern of circulation of the surface waters of
the Gulf of 3t. Lawrence is cyclonic (Fig. 2). From the south,
water enters from the east, past Cspe Kay and then flows along
the west coast of Newfoundland. Fart of this flow is deflected
at the head of the deep lsquiman Channel, toward the north shore
of the Gulf while the remainder continues northward to enter the
circulation of the Strait of Belle Isle. The circulation of the

Strait or' Belle Isle consists of three variable ccmponents

B . ..
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(Hachey, 1901); a prosressive inward movement of Labrador
coastal water on the north side of the Strait, a progressive
outward novement of Gulf of 3t. Lawrence water in the south side
of the Strait, and a dominant flow which may be of Labrador
coasltal water inwuard or Gulf water outward.

Along the north shore of the Gulf tiere is a westward
drift extending beyond the western end of anticosti Island. The
lower salinity water in the northwest corner of the Gulf, the
result of mixing of fresh water discharge from the 3t. Lawrence
Basin, with high salinity water in the estuary, flows along tie
Guspe peninsula as the Gaspe current. Belween anticosti Island
and Gaspe peninsula tais current exceeds depths of 165 m (992

fathoms) and while constant in direction, it is subject to wide

variations in strengths. Over the llagdalen Shallows tue waters

of the Guspe current lose considerzble velocity. The waters of

the southern Gulf move eastwa1d toward Cabot 3trait forming the
Cape Breton current, the main efflux from tne Gulf of St. Lawrence.

Three layers of weter are present in the Gulf of 3t.

Lawrence in the suwmmer (Lauzier, [rites and llachey, 1957; Lauziey
nd ‘lmiley, 13%7; and llachey, 1951): the surface layer, the
intermediste layer and the deep layer. During the winter, the

surfuce layer end the intermcdiate loyer merze.

layer is found only in the Laurentian and

squi 1€
of & temperatures
s hi There is no

appreciacle sezsonal vesiati Salinity but
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the volume of this layer increases from spring to autumn.

The intermediate layer is defined (Lauzier and Bailey,
1957) as the layer of cold water bounded by the horizontal isotherm
of O C. The lower isotherm is usually below 100 m while the
upper isotnerm ranges from 70 m to the surface, depending on the
season. There is considerable scasonal variation in tiue thick-
ness of the intermediate layer with a decrease in thickness occurring
between spring and autumn. The intermediate layer forms the
bottom layer over the lagdalen Shallows.

The surface layer reacnes maximum thickness during winter
when it merges with the intermediate layer. The spring and summer
warming of the surface produces a sharp vertical temperature
gradient declining one degree per metre. The thermocline is
assoclated with a corresponding salinity gradient of 0.2%per
metre. Because of the presence of this marked thermocline in
summer, the surface layer is very stable with respect to the
underlying layers and therefore offers considerable resistance to
external forces which would tend to produce mixing. Lauzier
(1)97a) showed that when either north or south winds exceeding
2% lan (15 miles) per hour lasts at least two days, a tilting of
tiie thermocline results. This tilting is due Lo internal adjust-
ment ot waler layers. his internal adjustment causes cextreme
variations in temperatuie and szlinity, mainly at depth but also
near the surface (fig..4). Blackford (19565) suggested that
cyclonic gyres established by wind action also had significant
upwelling efiects on the thermocline beneatin them.

The surfrce layer siaows seasonal variation in depth,

temperoture and salinity, bul during summer is homogenous as to
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temperature and salinity from the surface to the thermocline.

The thickness of thec surface layer decreases from 100 m
in winter when there is no intermediate temperature layer present,
to 10 m in July and thickens to 15 m in August over the Magdalen
Shallows. The vertical mixing associated with autumnal cooling
proceeds at varying degrees in different areas causing regional
variation in thickness, but eventually, wnen mixing and cooling
are complete, the surface layer has merged again with the inter-
mediate layer.

The surface layer varies seasonally in temperaturss
from -1.7 to 20 C (4ppendix I), with the northern shore area
having a reduced range. From January to liarch, the surface is
normally covered by ice. Vernal warming is related to the ice
distribution in late winter and results in temperatures from
2 to 12 C in June. The highest temperatures (in excess of 20 C)
may occur in the Magdalen Snallows in July and august. Cooling
commnences in September, the main part of the Gulf having surface
temperatures from 10 to 16 C. Between September and October, the
temperature declines by approximately 4 C and then in lNovember
further cooling reduces the temperature to an average value of
% ¢, varying from 2 C along thz Gaspe coast to 9 C along the
cape Breton shore.

Salinity of the surface water decreases from a high
value of 327/.in spring to less than 30/ and often as low as 26%.
in summer with lower values being recorded in bays and estuasies.
Because of vertical mixing during autumnal cooling and lack of

precipitation or runoff, the salinity of the surface layer
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increascs to a range of 29%.to 31%.. The minimum salinity over

the lagdalen Shallows is reached f{rom June to .ugust which

Lauzier (1957b) shows is related to the maximum discharge of

the 5t. Lawrence iiver with a thre
(c) Scotian Shelf and Gulf of Maine - The Gulf Scream
recognized by its high temperatures and high sslinities, meanders

) km (230 nautical miles) and as far away as 760 km

as close as

(42 nautical miles) from the coast of FNova Scotia. These mean-
derings have an indirect effect on the waters of the Scotian
Shelf, due to the adjustments of the water musses that are
associated with the changing position of the Gulf Stream.
At the confluence of the Labrador cuirent and the
fulf Stream, the large scale mixing produces tihe 'slope water'.
fais influences the circulation of the 3cotian Shell cotu by
gradual wixing and direct incursion onto the 3helf (Hachey, 1951).
Ihe outward flow of water from the Gulf of St. Lawrence,

the Cupe Breton Curient, spreads westward (fig. 2) along the

snelf. fhe original characters ol the water of the Gulf are
lost by mixing with the more saline slope waters,

The circulation of the surface wster of the Gulf of

j~ine shows an anticlockwise movement (fig. 2) which takes the
wixed water irom the Bay ol fundy along the coast of laine and
mixes it with the discharges of several rivers., 3ome of this
water flows past Cape Cod while the remainder follows the inshore

icorges Jank toward Kova Scotia. Some of it returns

> the Bay of fundy while the remainder discharges around the

[ Georges

ey et al, 1954).

nogrtiern Jank (llac

y the waters of the Scotian Shelf and Gulf of
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l'aine are strongly stratified in temperature and salinity and
form a three-layer system. Tnis three-layer system is somewhat
similar to that in the Gulf of St. Lawrence (llachey, 1951). ‘

The surface layer wnich may have a thickness of;7; m
(4) fathoms) in summer, has a wide seasonal range of temperatures
from 5 C to 20 C, and a salinity of less than 32;, Inshore waters
consist entirely of this layer. The intermediate layer wnich
ranges between 30 m (17 fatioms) and 145 m (80 fathoms) in thick-
ness, is characterized by temperatures less than 5 C to a low
of 0 C, and salinities between 32.0% and 33.5%. This layer is
formed by the transport of water from the labrador curvent and is
continuous, at least during part of the year, with the similar
layer in the Gulf of St. Lawrence.

lhe bottom layer which lies between the 50 fathom
(20 m) and 170 fathom (183 m) contours has GLemperatures above
5 C, frequently as high as § C and at times due to incursion of
slope wuter over the bottom of the shell, it nas Lemperatures
as high as 12 C.

(d) Bay of iundy - The circulation in the Bay of Fundy
is generully cyclonic (#ig. 2). an inward movement of water
along the coast of Nova Scotia from the Cipe Sable area and from
further oflsnoie in the Gulf oi laine, constantly loscs water
to the New Brunswick side as it moves toward the head of the Bay.
e movement along the coast of New Brunswick is westward and

‘and }'anan into the Gulf of laine. The

flows outward east of

fominunt feature of oceanozraphic conditions in tine Bay of fundy

e effect of scrong tides which causes a complete mixing
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and produces a homogzenous mass of water as to temperature and
salinity. Seasonal changes in temperature and salinity in the
Bay of Fundy are much less than in other parts of the Canadian

Atlantic region.

III HISIOKY OF THE FISHARY
(i) annual commercial cateh, 1875 to 1966

The commercial catch of mackerel in the Atlantic waters
of North America has fluctuated widely. Fluctuations in the
Canadian catecn are snown in Figure 5.

The period from 1880 to 1884 was one of extraordinary
abundance as indicated by both the Canadian and United States
catches (Sette and Needler, 193%), with the highest recorded total
cateh of 233 million pounds occurring in 1884, The Canadian catch
of 55 million then declined drastically to 8 million pounds in
1897. Subsequently there was a period of fluctuating relatively
low catch culminating in the lowest recorded catch of 7 million
pounds in 1910. This coincided with a drastic low point in the
United states cateh of only 3 million pounds. The Canadian catch
then began a gradual increase fluctuating between 14 and 29 million
pounds up to 1939 when it increased abruptly to 52 million pounds.
fihe United Siates caten showed an cightfold increase batween 1910
and 1926 which, as Sette (1950) showed, was the result of the
successful survival of the 1923 year-class. from 1940 to 1299,
tae Canadian catcn declined erratically to a low of 9 million
pounds. Tne decrease from 28 million pounds in 1955 to a low

point in 1959 may be partially accounted for by the fungus disecase
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1957 decimated half the herring population in the Gulf of t.
Lawrence (LSinderman, l):é).> lackerel stocks were also infecled

by the lfungus and similar ﬁuss morkalities may hi:ve occuried.

fhe caten since 1999 has gradually increased to 29 million pounds
in 1905 which as shown in this study is the result of & successful
17Y) year-class.

In addition to Canzdian end United States catches,
nussia has taken large guantities of mackerel in the International
Comwission for the Northwest Atlantic Fisheries (ICHasf) Conventicn
areus (Pable I). 4ll the Lussian catches in 1966 were made by
otter trawls towed by larger trawlers (cver 1800 metric tons).
he months of January to liay yielded 70, of their catcaes, with
tiie lurrest cateh occurring in February. lost of these catches
were w-7; on the south and northwest slopes of Georges Bank
(Lay, pevsonal comriunication).

(ii1) Distribution of catch

l'ackerel are caught in Canadian atlantic waters from
ti:e Buy of sundy to the atlantic coast of Nova Scotia, throughout
the fnlf of St. Lawrence, and periodically on the east coast
of Wewloundland,

from 1957 to 1956, W%, of the commercial catch was
taken from the waters of the Gulf of St. Lawrence and 55, from
the woters of the atlantic coast of lova Scotia and the Bay of
fundy. The catcihes in Newfoundland waters have varied from
zero in 1999 to a high of 2.2 million pounds in 1951. The 1951

catch was 18, of the Canadian total, with the largest catcacs
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being made on the east coast, particularly in Notre Dame Bay.
This recent appearance of mackerel in the castern coastal waters
of Newfoundland has been related to a general warming of the
surface waters (Templeman and Fleming, 1953).

The seasonal distribution of catch by area for the
years 1924-1929 and 1357-1305 is shown in [igures6a and 6b.
A comparison of Figures 6a and 6b shows little change in the
seasonal distribution of commercial catches in the past 40 years.

Mackerel are captured first in late May along the
Atlantic coast of Nova Scotia with maximum catches occurring in
June and smaller catches occurring from July through until December.
Mackerel are caught in the Gulf of 5t. Lawrence from June to
November with maximum catches occurring in June along the southern
shore and Gaspe coast and in July along the North Shore. 1In
August and September, large catcues are made around tne Magdalen
Islands and Frince udward Island while the maximum catch off the
Cape Breton shore occurs in Uctober. along the east coast of
Newloundland, mackerel are caught from august to November with
tile maximum catch usually occurring in October. In the Bay of
Fundy and around southwestern Nova Scotia, mackerel are taken

from Lay to November with the 1 est catehes occurring in July

and august.

The seasonal distribution of catch is dependent on many
fuctors, such as the type of gear, weather conditions, the pattern
of ottier fisheries, and availability and behaviour of the fish.
iowever, the seasonal distribution of the catch is suggestive of

4 patlern of migration and this, in conjunction with other evidence,




enables the compiling of a scheme for migretion.
(111) Types of Gear used in the Fishery

Historically the oldest method of catching mackerel
is by hook and line using minced fish as bait to attract the
schools. In the middle of the 1)th century, this was the main
metiod of [ishing for mackerel. This method is still used
commercially around the Magdalen Islands and is the basis for one
aspect of the tourist indusiry in Frince Edward Tsland. Zlse-
where in the Gulf of St. Lawrence, hook and line is used to catch
small quantities of mackerel for domestic consumption or bait.

Joth fixed and d:ifting gill-nets were used to catch
mackerel in the 19th century. rixed gill-nets of 2, to 3, in.
(2.5 to 82.5 mm) stretched mesh are used along the coast of
Nova Scotia, in Northumberland Strait and along the coast of
lewioundlund., Drifting gill-nets are used off alberton and in
wmont Bay, F. W. T., and in the Buy of Chaleur.

The capture of muckerel by purse seine was introduced
in 1870 and became the main method of capture by fishermen of
the United States. Canadizn fishernen did not use purse seines
until late in the 19th century. Furse seines are now used aleng
tile novtilern shore of Frince idward Island and in the autumn
alons the Cupe Breton shore of the fulf of 5t. Lawrence. 1In 1955
and 1)50, purse seines accounted for about one-third of the total
catel.

Irap ncts bhave been used on the atlantic coast of

Liova Seotia for at least W) years. Trap nets are now in use at

Cupe 3cble v, ob. lizrgaret's Bay, Little liarbour,
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Fetit de Grat, St. Ann's Bay and Tngonish. Welrs or pole traps
which are used in the Bay of Fundy sardine fishery occasionally
capture mackerel. Trap nets and weirs in 1965 and 1966 accounted

for about one-third of the total catch.

IV NaTUis OF THi PROBLEM

Sette (1950) suggested that the North American mackerel
was segregated into a northern and a southern population. To
test this hypothesis, mackerel from the eastern coastal waters
of Canada, and from the coastal waters of Hew Lngland were sampled
in 1965 and 1966 for length, age, sex and meristic counts. Fish
from the two areas were then compared with respect to size and
age composition, growth rate and meristic characteristics. 1In
an attempt to find genetic differences between fish from the two
areas, vertical starch-gel elecctrophoresis wos used to compare
enzyme pattern of tissues from fish representing the two
populations.,

Information concerning the migrations of mackerel was
obtuined by tagging and subsequent recapture, analysis of length
frequencies and catch statistics, and interviews with persons
associated with the mackerel fishery.

During the study of age composition, it became apparent
that the year-class of 1959 wus dominant. Length frequencies
of samples from 1962 to 195% (unpublished records, Fisaeries
Les=zarch Board, St. andrews, 4. B.), and for 1950 and 1951 from
Bergeron (1951 and 1962) were employed for the calculation of the
growth rate of this year-class and for comparison of it with

growth rates of other year-clzsses in the fishery. In addition,
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axial width of each annular zone of the otolith was measured ‘
to enable a comparison of otolith growth with total growth.

Some factors that may be responsible for the good survival of the
1959 year-class and the poor survival of subsequent year-classes

are proposed.

V AGE AND GROWTH STUDIES
(i) Methods
(a) Body lengths -~ A random sample of 100 fish for

length measurement was obtained from commercial catches landed
at fishing ports between Yarmouth and Ingonish on the Atlantic
Coast of Nova Scotia; from the Magdalen Islands, Prince Edward
Island and Caraquet, N.B., in the Gulf of St. Lawrence; and in
New England from Plum Island to Provincetown, Mass. In addition,
samples of frozen mackerel were obtained from Rumson, N.J., and
from the Gulf of Maine. As mackerel are usually packed indis-

criminately into boxes of approximately 100 fish, a sample was

taken from a single box. On occasions when the fish were not
packed, a selection of fish of any particular size was avoided.
Often when sampling gill-net catches, less than 100 fish were
available while some other measurements contained more than 100 fish,
Lengths were determined using a standard measuring
board of heavy plexiglass with a moveable arm. The measurement
to the nearest millimeter was taken from the tip of the snout
to the tip of the rays at the middle of the tail. This measure-
ment corresponds to 'fork length', 'median length' and 'midcaudal
length' of other authors (Ricker and Merriman, 1945).
Measurements of body lengths from 1962 to 1964 (un=-

published records, Fisheries Research Board of Canada, St. Andrews,

-
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N. B.) were in total lengths; that is, the length from the tip

of the snout to the tip of the longest rays of the caudal fins
when compressed. Fork lengths and total lengths were determined
from 1017 fish in 1965 and 1966 and a conversion factor was
calculated from these data. The relationship between fork length
and total length was assumed to be linear; therefore, to obtain a
conversion factor, the sum of fork lengths was divided by the

sum of the total lengths. The conversion factor wzs then applied
to the measurements of 1962 to 1964 and to the measurements of
Bergeron {1951, 1952).

(b) dge-determination - Dermal scales of teleost fishes
are often used for age determination (hounsfell and Lverhart, 1993)
and h:ve been used for atlantic mackerel, Nilsson (1914%) and
Steven (1950). These scales, although easy to obtain, are de-
ciduous and cause uncertainty as to the source of any scale when
these fish are collected in groups. Otoliths are more difficult
to obiain but have been found to be more reliable for use in age-
determination of mackerel (Steven, 1950) and have been used through-
out this study.

Three pairs of otoliths, the lapilli , the sagittaeand
the asterisci are found within the inner ear. These bones are
enclosed in memorancus sacs known respectively as utriculus,
succulus and lagena. The utricuius is found immediately lateral
to Lhe neurocranium and controls the postural responses. The
sacculus ond lagena, located in pits in the floor of the ncuso-
associated with hearing (Lowenstein, 125/).

Tie sagiltay tae largest of tiie otoliths Lias brouder zoncs of

higiter content of o:iginic material than
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the alternating zones of translucent material (Fitch, 1951).
They have been found suitable for age-determination in the Pacific
mackerel in the coastal waters of California (Fitch, 1951). The
alternating zones have been also assumed to be annular zones in
the Atlantic mackerel and have been used for age-determinations
by Nilsson (191%4), Steven (1950), and Sette (1950). Steven reports
that more reliable readings were obtained from the blunt posterior
end while the rostrum, the pointed anterior end, contained secondary
markings. However, during the present survey the markings on the
rostrum appeared to be the clearest and have been used as the
prime source for age-determinations.

One sample of a 100 fish was obtained on the average
of once a week from those sampled for body lengths. The otoliths
were collected by making a transverse incision, posterior to the
otolith through the head at the level of the first colour bar.
Both sagittae were extracted from the sacculus using forceps. The
sagittae were placed on the back of the hand and the casing was
removed with forceps. Then, the pair of otoliths was placed in a
numbered slot in a tray holding 100 otoliths and stored dry.
Subsequently, the otoliths were removed from the holding tray and
permanently mounted in depressions in black plexiglass using
ethylene di-chloride (Watson, 1965). Pairs of otoliths from 50
fish were mounted on each plexiglass block with details of the
collection inscribed on the block with white ink.

Counts of the annular opaque zones were made by
stereoscopic observation of the otoliths immersed in 95% ethanol.
Nuclei were omitted from the counts. Ages and year-classes

(i. e., year of birth) were recorded without reference to the
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body length to avoid biass. where there was doubt as to the

accuracy of the age-determination due to indistinct or fused winter
zones, the ages were not recorded. All otoliths were aged 3 second
time without reference to the first readings. In addition to
otoliths from the 1955 and 1956 study, a few otoliths were available
from 1963 and these were mounted and examined in a similar manner.

(c) Otolith measurements - Widths of otoliths were
measured with a stereoscopic microscope equipped with a drawing
tube to superimpose the image of an otolith onto the image of co-
ordinate paper with 1 mm graduations placed on a bench. The
otolith was placed so that its longitudinal axis corresponded to
that of the coordinate paper and measurements were made along
the anterior-posterior axis of the otolith. The total length
of the otolith was measured from the lower blunt edge to the tip
of the rostrum, and each adjacent annulus was measured from the
posterior distal part of the opaque zones to the anterior distal
part of the same zone (fig. 7). When one or more of the annuli
were not clearly defined, they were not measured but the otolith
was used in an assignment of age.

All otoliths from the 1953 samples were measured but
the collection of otoliths from 1955 and 1966 were too numerous
to permit measurements of all, so a sample was selected at random
by drawing numbered cards.

Measurements of five otoliths, which were made with a
graduated ocular lens were compared with those made using the
drawing tube and coordinate paper. The measurements after correction
for magnification were identical. Use of the drawing tube and

coordinate paper was a more rapid and convenient technique.
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Since the right otolith is larger than the left from
the same individual in the Pacific mackerel (Kondo and Kuroda,
1900), both right and left otoliths from 33 fish were measured
and the results indicated there was no difference between the
left and right otolith in the Atlantic mackerel.

(11) Hesults

(a) Body lengths - The mean lengths of 800 fish sampled
from commercial catches during a four-day period June 5 to Iy
1905, in Halifax Co. and of 395 fisn landed at lalpegue Harbour,
F. &. I., are given in Table 2. 0Only the samples with the smallest
and largest means from Halifax Co. are significantly different
(P€ 0.05) while the mean lengths of the samples from Malpeque
Harbour do not differ significantly (P> 0.05). This indicates
a hizh degree of homogeneity among the samples talken within a
shoit period of time and at adjacent locations. Tnis made it
po-sible to assemble the length-irequencies into monthly groupings
for different areas.

Selection of a relutively navrow size range ol fish
is a well known attribute of gill-nets (Leim, Iibbo and Day, 1957).
Figure & shows that a gill-nct of 3 in. stretched mesh captured
larger mackerel than purse-seine gear on the same day near
Falpeque Harbour (significant at r<0.05). Such selectivity
wis not shown by 2 7/8 in. stretched mesh gill-nets in Halifax
Co., June, 1965 (Table 2). The selective nature of gill-nets is
not an important factor in the sampling procedure since only
10/ of the samples in 1965 and 1955 was obtained from gill-nets.

Tiap nets, purse-seines and hook and line were all assumed to




00 e

be non-selective within the size range of [ish measured during
this survey.

The conversion f{azctor from total length to fork length
wes calculated to be FL = .915 PL (Appendix IIIa). To check the
validity of the conversion factor, it was applied to the neans

of the samples with the larg

st and smallest lengths from which

both total and fork lengths were available (iippendix IIIb).

Pne difference between the measured and calculated fork length

was only 1 mm for the swallest and 0.3 mm for cthe largest asure-
ments. The conversion factor wzs then applied to the measurements

of Bergeron (1961, 1952)

d to the data for 1952 to 196k.

Length frequencies in monthly intervals for tine differ-
ent areas in Canadian waters for the years 1960 to 1965 are shown
in Figure 9 and Cthe detailed length freguencies are found in
Appendix IV.

Ihe largest group (group 4)is present only in lay zand

June, 1902, liay, 1903, and liayg, 1954, This group makes up a de-

crensing per cent ol length trequencies from 1902 to 1254% and
disappears in 1905.

Pire persistent group (group ) is

in all samples
between 1900 and 1966, except Oclober, 1952, and august, 1959 and
1530, for Yarmouth Co., and is iominant in wost of Uhe lengih-
fregquencies.

4 different group of siall fis ppeurs ever
along the cosst of southwest Nova Scotia but these do not appezr
to oe distinct in following years. 4 group oI very sumall fish
(¥Y to 12H mm) was present in Cetober, 1392, out this zroup was

not found

in succeeding yeors.

R
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The mean lengths for May are significantly larger

(P€0.01) than those for June in 1962 to 1966 for southwest
Nova Scotia (Table 3). It is apparent from the length frequencies
(Fig. 9) that this difference is due to the presence of larger
fish of group B and a higher percentage of fish from group A.
The length frequencies of fish found in southwest Nova Scotia in
June are very similar to those found in the Gulf of St. Lawrence
in July and the difference between the means is not significant
(P)0.05).

The length frequencies for the coastal waters of New
England for 1965 and 1966 are shown in Figure 10. The group
which was found in September, 1965, (group E) is not apparent in
the 1966 length frequencies., The group (group F) which was found
at Provincetown in July was present again in September and the
increase in size is assumed to represent growth. A group of small
fish (group G) were sampled from New Jersey in September, 1966,

A comparison of the length frequencies for 1966 from
Canadian waters with those from New England waters, shows the absence
of group B from southern waters. Group F which was dominant around
Provincetown in 1966 was also present in July and August along
southwest Nova Scotia.

(b) Age-determination - Steven (1950) showed that age-
determination from otoliths agreed with those of scales taken
from mackerel captured off southwest England. He stated that
the central opaque zone was deposited first and then followed
by a narrow translucent zone formed during the first winter.

This pattern of deposition was continued in subsequent years with

the opaque zone being formed during the summer and the trans-
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lucent zone during the winter.

Examination of otoliths taken in early July and again
in September, 1966, showed an increase in the average width of
the opaque zone during that period (Fig. 1lb, c¢). Examination
of length frequencies (Fig. 9 ) showed that one group (group B)
had been dominant since 1950. This group of fish had identical
measurements for the first four annuli on the otolith in 1955
and 1956. Further examination showed that in 1966 this group
of fish (group B) had one more translucent zone than in 1965.
This suggests that the translucent zone was formed during the
winter and the opaque zone during the summer.

The otoliths from fish 135 to 175 mm in length, sampled

in September, showed only an opaque nucleus and were assumed to

be age O (iig. 1la). The otoliths from the next size-group of
fish 189 to 295 mm showed an opajue nucleus surrounded by a
translucent zone and the beginning of an outer opaque zone

(Flg. 11b, ¢). These fish were assumed to be age I. In sub-
sejyuent years, an opaque zone was assumed to be formed during the
summer, being noticeable first in late July and a translucent
zonc¢ during the winter.

The increase in size with increasing age and the
consistent agreement of ages of fish belonging to the dominant
group sampled in 1963, 1965 and 1966 supports the val idity of
the use of otoliths in age-determination.

Lstimates of age were made from 2550 otoliths and only
12, (309) of these were unreadable. There was close agreement
between first and second age-determinations from the otoliths,

100, for otoliths which were 2ssigned to age-class I, II and III,




- 28 =

while for groups assigned higher ages there was approximutely
90,0 agreement.

The distribution of year-classes sampled in 19565 and
1956 is given in Figure 12. In 1965, the 1959 year-class was
dominant in samples taken in waters of the Atlantic coast of Hova
Scotia in May and June and in the Gulf of St. Lawrence in July
and August. In 1965, the 1959 year-class was dominant in samples
from both areas. The samples from southwest Nova Scotia for
July and August, 1965, showed that the 1964 year-class was dominant.

In samples from Massachusetts in 1966, trap-nets at
Frovincetown yielded only fish of the 1955 year-class. Samrles
from the purse-seine fishery near Irovincetown and the sample
taken by hook and line near Flum Island were dominated by the
1904 year-class. The sample from iumson, N. J., taken in September,
1966, contained only fish-of-the-year.

The mean length of fish of the various year-classes
sampled in 1963, 1965 and 1906 from Canadian waters and in 1955
and 1906 from New lngland waters are given in Tables 4 and 5.
A detailed presentation of this data by area and month may be
found in aAppendix V. LExamination of this data shows no apparent
increase in lencth during summer in the samples from Csnadian
wuters. This has allowed the combination of this monthly data and
this is presented in Table 4.

(¢) Ctolith measurement - The mean widths of the
successive annular zones on the otoliths from fish samples in
Cznadian waters in 1963, 1955 and 1966, and from New Lngland

waters in 1956 are given in Tables o and 7. The measurements
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of corresponding annular zones for fish which belonged to the
1959 year-class sampled in 1963, 1965 and 1960 are almost identical.
The few otoliths measured from the 1500 year-class had similar
successive annular zone widths to those of the 1359 year-class.
The measurements of successive annular zones of the other year-
classes were all larger than for the 1959 and 1960 year-classes.
The 1965 year-class sampled in October from Canadian waters
had the largest first annular zone.

The width of the first otolith annuli from Canadian
and United States samples are compured in Table 8. The 1905
year-class from Canadian waters had significantly larger (F€ 0.0%5)
annuli than those from that year-class from Massachusetts. While
the 1963 and 1964 year-classes did not differ significantly
(P>0.05). The other year-classes could not be compared because
there were not sufficient numbers of fish from the southern

samples.

VI SLX AND MATULILY STUDY

(i) Methods

The sex of 1748 fish sampled in 1955 and 1906 was

determined by examination of the gonads during autopsy. The
ovaries are yellow and the testes are grey to white. The gonads
of immature fish could not be identified for sex. The stage of
maturity was determined visually and classified into four stages
(Lable 7).

(i1) Results

The male to female

sex rotio in 1965 was 52:48 (1131
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f£ish) and in 1966, 49351 (617 fish).

The data on stage of maturity (Table 10) show that in
1969 and 1966, fish sampled from the coastal waters of Nova Scotia
from Fay to June 25 were almost all maturing, while none were
ripe 2nd running. The samples from the Gulf of St. Lawrence in
1959 showed that from July 12 to 20, 72 of the fish were spent,
2%, were ripe and running, while only 2, were maturing. This
indicates that spawning occurs in the Gulf of 3t. Lawrence in
June and July.

In 1965, only one of the 510 fish of Age-I was mature
while none of the Age-I fish were mature in 1966. Light per cent
of the Age-IT fish were immature in 1965 while 18, were immature
in 1966. None of the Age-IIT fish in 1955 were immature and
only 3, of this age in 1956 were immature. Thus, first spawning
in 1905 and 1966 occurred at Age-IT with a few individuals not
spawning until Age-IIT. The smallest mature fish (Age-II) were
275 and 289 mm long in 1965 and 1966, respectively. Both of
these fish were males, whereas the smallest mature females were
above 300 mm in both years.

Mean lengths were calculated separately for males and
females (Tzble 11) and the difference between the means for the
1955 and 1906 samples were significant (F&£0.05), with the females
being larcer than the males. The females in the 1963 samples
were also larger but tae difference was not significant (FX 2.05).
e diflerence Letween males and females in 1965 and 1965, although
significant, was small when compared to the annual growth increment

for thiese years. Because of tuis small difference and the absence
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of information on the sex of the samples for 1960 to 1962 and
196%, the length frequencies for the two sexes were combined in

deriving the growth curves.

VII TaGGING STUDY
(i) Methods

A total of 2407 live mackerel obtained from the
commercial fishery were tagged in 1966. The live fish were trans-
ferred directly from the capture gear into holding nets suspended
in the water which allowed fish to be kept in good condition
for at least an hour. Each fish wass dipped from the retaining
net and held gently at the head and tail in an upright position
on the gunwale. The fish were marked with red Watson-Larsen
tags, prepared in lots of 100, with each tag in a lot bearing
the same code. If any lot was not completely used during a
single day of tagging, the remainder of that lot was destroyed.

Two methods of application of the tag were employed
(Fig. 13). 1In the first, a modified sewing needle with its con-
tained tag was thrust through the skin between the first and second
dorsal fins. After removal of the needle, the barbed tip was
inserted into the opposite end of the hollow plastic shaft to
form a ring. This operation was difficult to perform under
field conditions but was used to mark 410 fish. In the second
method of application, a hypodermic needle (No. 12) was used
to insert the barbed end of the tag into the dorsal muscles just
posterior to the first dorsal fin so that the barb of the tag
hooked on the posterior fin rays of the first dorsal, then the

needle was withdrawn.
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Bach fish was released immediately after the tag was
applied. A reward of [}1.00 was offered for the return of each
tag and for information about the place and date of capture.

(i1) Results

The results of this tagging program during the summer
of 1900 are given in Table 12, a more detailed tabulation of the
results is found in Appendix VI.

The single recapture from the tagging at St. Johns Is.,
N. 5., on June 9 was made in the vicinity of tazging, 13 days
later. Three of the recaptures from the tagging at Clarkes
Harbour on June 13 were made in the viecinity of the tagging from
one to 27 days later. The other three recaptures were made along
the coast of Cape Breton. One of these, taken 12 days later at
Ingonish, was 560 km northeast of the release site while the
other two were recaptured 29 days later and 500 km from the re-
lease siée at Petit de Grat and West Arichat within a few km of
each other. Five of the recaptures from the tagging at Clarkes
Harbour on June 20 were within 24 km of the release point. The
other recovery was questionable since the tag was found on board
a swordfish longliner among bait which was believed to have come
from 3t. Margaret's Bay.

All recaptures from the tagging at French Village,
3t. Margaret's Bay, on July 23 were made within the Bay. Four-
teen recoveries were made within two days of tagging and these
fish were released again. The remaining 11 recaptures were made
from 4 to 78 days later.

There were only six recaptures from the tagging in the
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Gulf of St. Lawrence near Malpeque Harbour, P. Z. I., all within

the vicinity of tagging.

VIII MURISTIC CHARACTERS
(1) Methods

(a) Vertebral numbers - Vertebral columns of 200 fish
from the Atlantic coast of Nova Scotia were prepared by boiling
the fish and removing the myomers. All units were counted except
for the basi-occipital and the urostyle.

Radiographs of 54 fish captured at Provincetown, Mass.,
September 1%, 1960, were obtained using the method of Bartlett
and Haedrich (1966). The fish were covered by a mixture of
one-half water and one-half ethyl alcohol, and the radiographs
were taken at 50 ma, 30 kv, and 30 secs. Kadiographs also were
taken of 48 fish from Halifax, October 20, 1966, using exposures of
1/10 sec at 70 kv. The vertebrae were counted from the radio-
graphs.

(b) Fin-ray and finlet counts - The rays of the second
dorsal and of the anal fin were counted in situ. The first
short spiny ray of the anal fin was not counted. The number
of dorsal and anal finlets was determined by inspection. In
some cases, the anterior finlet appeared to be joined to the
second dorsal fin or anal fin and was counted as a part of the
associated fin.

The samples used for the counts were obtained from
the Atlantic coast of Nova Scotia, the Gulf of St. Lawrence,

and Provincetown, Mass., in 1965 and 1966.
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(i1) Lesults

(a) Vertebral numbers - Vertebral counts were obtained
from 242 [fish in Canadian waters and of these, 241 had 30 vertebrae
while only one had 31 vertebrae. The radiographs of 54 fish from
Frovincetown, Mass. indicated that 52 had 30 vertebrae, one had
29 and one had 28 vertebrae. The difference in the mean number
of vertebrae from mackerel of the northern and southern areas
is not significant.

(b) Fin-ray and finlet counts - The mean counts of the
fin rays and finlets are given in Tables 13, 1% and 15 and the
frequency distributions are found in appendix VII, a, b and c.

Both the samples from Provincetown, Mass., and the
sample from Halifax, N. S., in 1956, belonged to the 1955 year-
class. The difference between the mean counts of second dorsal
rays from the two areus shows that the Provincetown sample had
a significantly higher count than the Halifax sample (F< 0.05)

The Frovincetown sample also had significantly higher counts than
any of the other samples (P< J0.09). The samples from the atlantic
coast of Nova Scotia in May and June had smaller mean counts for
the second dorsal fin rays than the samples from the Gulf of 3St.
Lawrence. (P<0.05)

The mean counts of the rays of the anal fin and the
counts of the dorsal and anal finlets did not differ significantly

in any of the samples.

IX BIOCHUMICAL STUDIZIS
(i) Introduction

Lactate dehydrogenase (LDii), which catalizes the inter-
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conversion of pyruvate and lactate with the aid of the cofactor
nicotinamide adenine dinucleotide (NaD), exists as a tetramer
of two monomeric units A and 3, controlled by separate gene loci
(Markert, 1965). The combination of these monomers results in
five multiple forms (LDH-1 to LDi-5) or isozymes, in mammals.
The isozymes have species specific patterns and different con-
centrations of these isozymes are found in different tissues.
LDH-1 consists of four B-monomers, LDH-5 consists of four a-
monomers, whereas LDH-2, LDH-3 znd LDH-4 consist of combinations
of the 4 and B monomers (e. g.; LDH-2 is AB3, LDH-3 is apBp and
LOH-W is Ajﬂ). LDII-1 predominatcs in tissues richly supplied
with oxygen while LDH-5 predominates in tissues subjected to
periodic hypoxic conditions.

The five isozymes of LDII frequently show sub-banding.
Markert (1955) has suggested three explanations: the existence
of additional monomers under the control of Ifurther gene locij
the existence of permutations of the monomers within the five
major bands (e. g.; a tetramer with a sequence aBuB might differ
in mobility from a tetramer with the same subunit composition
but with a different sequence aB3a); the existance of mutant
alleles at any of the existing loci.

The LDH pattern of fish differs considerably from the
mammalian pattern. )arkert and Faulhaber (1905) studied 30
species of teleosts and found isozymes LDH-1, 2, 3, or 5 among
the various species. The majority of the species, including the
Atlantic mackerel possessed only two bands. an additional minor

isozyme of LDH with a strong negative charge was found in eye
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tissue of most of the species.

Malate dehydrogenase (liDiI) catalyzes the interconversion
of pyruvate and malate with the aid of the cofactor NADP. Henderson
(1966) found two isozymes of MDH in mice, one in the mitochondrial
fraction of the heart muscle and the other in homogenate of liver.
These isozymes are composed of subunits under genetic control.

Aspartate aminotransferase (A4AT) occurs both as a bound

and a soluble enzyme and has been shown by various workers
(reviewed by Odense et al 1956 a) to possess different electro-
phoretic mobility, molecular weight, solubility and pil optima.
The mitochondrial and soluble forms of the enzyme in herring
are under separate genetic control, and the soluble 4aT is a
dimer (Odense et al 1956 a). The sub-banding in the soluble
form was caused by a mutant allele.

The determination of the allele frequencies of mutant
forms of the isozymes of cod (Gadus morhua) and herring (Clupea
harengus) lactate dehydrogenase (LDH) and of herring aspartate
aminotransferase (4al), has been used to characterize populations
of thesc species (Odense, Allen and Leung, 1956, b, c). 1In the
hope that similar polymorphism would be found among mackerel
enzymes, numerous enzyme systems (malate deliydrogenase (MDH),

LD, &aAT and esterase) were examined by gel electrophoresis of
tissuc extracts followed by specific staining for enzyme activities.
(ii) Methods

Mackerel were collected in 1966 along the atlantic

coast ol Nova Ocotia and in the Gulf of St. Lawrence from llay to

October; and irom frrovincetown, lass., and .umson, N. J., in July
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and September. The appropriate organs were removed from fresh
fish and either extracts were made immediately or frozen for
later extraction; or the whole fish was frozen, tue appropriate
organs removed and extracts were made. Tne fish were also
measured and the ages and sexes were determined.

Extracts of skeletal white muscle, skeletal red muscle,
heart muscle, brain, eye, kidney, liver, spleen, intestine, gills,

testes and ovaries were prepared by blending one part of the tissue

with two parts of a 0.25 M sucrose and 0.001 l4, 2DTa (ethylenediamine-
tetraacetic acid) solution for one minute at 0 C in a Servall
Omnimixer. after the prelihinary work, a combined extract of

heart and white skeletal muscle was used. The extracts were
contrifuged at 12,000 g for 30 minutes and the supernatants were

used directly for electrophoresis.

Blectrophoresis of the extracts was performed by tne
vertical starch-gel procedure of Smithies (1959) using a tris-
EDIa-borate bufier (Odense et al, 1966 a), consisting of 15.1 g
tris (hydroxy-methyl) aminomethane (ILris), 1.5 g BOIL.i and 1.15 g
boric acid made up to one liter with distilled water, adjusted
to pll 86.6. DIhe running time was 5 hours at a constant voltage of
400 and a current of 40-50 m. or 18 hours at 300 v at a current of
25-30 mi. Following electrophoresis, the starch blocks were sliced
in half, stained and photogrzphed using a Folaroid lP-3 camera.

The LDH bands were stained by incubation of & half-
block in a staining mixture which was essentially that described
by Dewey and Conklin (1960) and modified by Odense et al (1956 a)

and which consisted of tris-ilCl buffer, 0.2 ¥, pi 8.0, 12.5 ml;
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sodium-L-lactate, 2.0 M, pH 7.0, 1.5 ml; p-nitro-blue tetrazolium
salt (NBI), 0.5 mg/ml, 37.5 ml; phenazine methosulfate (PM3),
0.2py 0.6 ml; nicotinamide-adenine-dinucleotide (NaD), 350 ml.
The gels were developed from one to three hours depending on the
LDH activity and washed in distilled water.

The procedure for the development of the MDH gels was
similar to that used for LDH, with malic acid, 0.25 M, 1.5 ml
being substituted for sodium-L-lactate.

The NAD-analog was used in place of NAD in the staining
mixture for LDH and MDH in a few cases.

The AAT activity was detected by incubation of one-half
the gel in a staining mixture described by Odense et al (1956 a).
The staining mixture consisted of 25 ml of the buffered solution
(containing 146.1 mgAketoglutaric, 532.% mg L-aspartic acid,
5.68 g sodium orthophosphate di-hydrogen (NaHoFOy), 2.0 g poly-
vinylpyrrolidone (PVP), 0.2 g .iDTA, dissolved in water to make
200 ml of solution adjusted to pH 7.%; and 25 ml of a diazonium
salt solution (consisting of 5 mg, 6-benzamide-4-methoxy-m-toluidine
diazonium chloride per millimster). The gels were incubated for
30 minutes to one hour and then washed in distilled water. When
extracts from frozen tissues were used, pyridoxyl-5-phosphate
was alded to the extract prior to electrophoresis, to restore
activity.

ssterase activity was determined by incubation of the
starch gel in a staining mixture adapted from Lawrence, Melnick

and Weiner (1950) containing tris-malate buifer, 0.1 N, pd 5.2,

50 mlj; S-nydroxy-quinolene glucuronide, 15 mg; and 20 m blue
3 y=4 5 ] 3 ’
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Ki salt, The starch-gels were developed from one to two hours
and washed in distilled water.

The effect of temperature on the enzymes was tested
by subjecting some of the extracts to temperaturesof 20 C, 35 C

and 50 C for 10 minutes prior to electrophoresis.

The starch-gels, followi electrophoresis were tested

for two additional enzymes, isocitric dehydrogenase and carbonic
anhydrase.

Phe staining mixture for isocitric denydrogenase consisted
of the following components (Henderson, 1965): 45 ml, 0.2 I tris/
HC1l, pH 8.0; 9 ml, 1 mg/ml nitro-B-tetrazoliumj 5 ml, 1.6 mg/ml,
phenazine methosulfate; 3 ml, O.1 M, sodium isocitrate; 1 ml,

10 mg/ml, NADF; and 0.2 ml, 0.25 i, lnClp.
The staining mixture for carbonic anhydrase consisted

ol a solution B (1 g sodium bicarbonate; 50 ml, 0.1 M sodium

i
sulphate) which was added to solution 4 (1.0ml, O.1 17 cobalt sulphate;
and 6 ml, 0.05 li sulphuric acid) and incubated for two hours,
washed in distilled water for two minutes and then in a dilute
solution of ammonium sulphite foi one minute (after Feavse, 1951,
p 24=915).
(1i1) uesults
lackerel were found to have three main bands of LD

activity (fig. 14) which correspond with L

ma

malian system. L=l px

dominates in white skeletsl mu
weaker band in both muscles and is often absent in extracts Ifrom
frozen tissues. Skeletal red muscle, spleen, gill, ovary, kidney,

s 3 and 5.

and eye all showed the thicze main bands of LDH
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When the Nib-analog was used, the Loll-5 appcared as a stronger
band than LDU-1 while LDI-3 wus not present.

The kidney showed an exira isozyme band which was
strongly cathodie. This was also present in smaller concen-
trations in the liver and intestine where it was the only band
present (Fig. 14). Temperatures of 50 C for 10 minutes did not
destroy activity of this band, but activity was less after freezing.
However, some activity was still bresent after a year storage at
=15 C but this was destroyed by subsequent exposure to 39 C for
10 minutes after thawing. The LDH band from kidney reacted weakly
with the NAb-analog.

The brain and eye also showed extra isozymes (sig. 14).

A strongly negative isozyme, LDH-g

» which migrated rapidly to-
wards the anode, and was prominent in the eye but also present
in the urain. . band, LDl-b, wiich migrated slower than LDH-g
but faster than LDH-1. Tt wes prominent in the brain but also
present in the eye and present in the heart as a faint band.
The brain showed two additional bands; LDH-bj, located between
LDM-b and LON-1, and LDH-be, located half way between LD.I-Dh
and LUl-g. A faint band of Lin-by was also present in the eye
and in addition two other faint Lands (LuH-el and LUH-eg) were
present in the eye very close to the main eye band, LDH-g.

Two main bands of MNUH activity could be detected in
extracts of heart and white skeletal muscle. 4 third strongly
negative band was present in extracts from liver. A cathodic
MDIl band was found in extracts from kidney wiich corresponded

witii the LOi-k band.
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The LDH activity of combined heart and muscle extracts
of 127 mackerel from the northern area and 95 mackerel from
the southern area, ranging in lenzth from 135 to 399 mm, in age
from %4 months to 7 years, and representing all stages of maturity
and both sexes, was identical with no polymorphism demonstrated
(Fig. 15). The LDH patterns from 10 kidneys from each area were
identical, although the kidneys exhibited an additional band of
LDH activity.

The patterns of MDH activity of combined heart and
muscle extracts of 27 mackerel from the northern area and 50
from the southern area were all similar.

The bands of AAT activity were diffuse and difficult
to identify but two bands representing the bound and soluble
isozymes were present. Two bands of esterase activity were
detected in extracts from neart and white skeletal muscles.

The bands of esterase and AAT activity were diffuse
and not clearly defined but there was no apparent difierences
in the patterns of the combined heart and muscle extracts of
these two enzymes from the two areas.

No activity was found for isocitric dehydrogenase or

for carbonic dehydrogenase.

X DISCUSSIUN
(i) age and growth
The first attempt to determine the age and growth of
the Atlantic mackerel on the North American coast was made by
Captain Atwood in 1856 (Bigelow and Schroeder, 1953). Fry

weasuring 50 mm were found in liassachusetts Bay in July about
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a month after the completion of spawning. In august they measured
0 to 115 mum, and in October 16Y to 179 mm. 4ll were considered
to be fish hatched in that year. Higelow and 3cnroeder (op. cit)
state that fish of the year average 200 to 230 mm in fork length
in the autumn. The size of these fish varies from year to year.
Fish sampled in November, 1927, measured 220 mm while in Novemter,
1928, the length was 250 mm. DBoth sizes were assumed to be
representative of fish in their first year. 1In he spring and
early summer of the second year, the average length is 230 to
255 mm and by late autumn they have grown to about 305 to 330 mm
and in some years to 355 mm. Age-I fish from diiferent areas
appear to grow at different rates. Mackerel taken in the Gulf
of Maine are larger than those at Joods Hole, lass., wiile they
in turn are larger than those near Long Island, N. f., (Sette,
1950).

The nature of age and growth of the atlantic mackerel
in Luropean waters has been worec controversial than for those
in North American waters. Steven (1950) reviewed the two schools
of thought. One of these, supportel by Ehrerbaun (1923) and more
recently by Le Gall (1939, 1950), pluces the length of the mackerel
st the end of its first year of growth at 100 mm. The other,
supported by Nilsson (1914%) and 3teven (1959), place the length
at the end of the first season of zrowth at 200 mm. Lvidence
supporting the more rapid growth in the first Year was supplied
by Dannevig (from Steven, 1950), who showed growth to 150 mm by
mid-September including a 29 mm increase in 25 days from early

avgust to September 1.
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Lvidence from this study on the growth of mackerel
during their first year is sparse. attempts to capture fish-
of-the-year in August, 1965, and 1966 using I-meter plankton nets
and Issacs-Kidd trawls were unsuccessful. Fish of 130 to 170 mm
are found occasionally along Cape Breton in tihe autumn (licCallum,
1925) but none were found during this survey. #fish obtained from
Rumson, N. J., in September, 1966, averaged 143 mm in length;
one fish of 180 mm was captured at Woods Hole, lass., in September,
1966, and evidence from sportsfishermen indicated this size was
comuon at that time. Six fish ranging in length from 159 to 200 mm
were obtained from catches made by albatross IV in October and
November, 1966. 4ll these fish were assumed to be fish-of-the-
year (Age-0), as examination of the otoliths showed only an
opaque nucleus. If mackerel reach only a length of 100 mm in the
rirst year, occasional catches of siall fish should occur the
following spring and summer but tuis does not occur. The smallest
fish taken in the spring end suwmer measured 165 mm but most of
thiem are over 200 mm., Therefore, it is assumed that mackerel
on the North dmerican coast usually reach a length of around
200 mm by the first autumn. The very small fish (95 to 125 mm)
measured in October, 1902, are an exception. These fish were
not found in the length fregquencies for the following years.

In addition, the 1902 year-cluss was found subsequently to be

a poor year-class. The slow growth of these fish may have resulted

from the below average surface eratures in the Gulf of St.

Lawrence during 1902.
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females in subsequent years.
(1i1) Growth curves

The 1999 year-class was found to be dominant in June
along the Atlantic coast of Kova Scotia and in the Gulf of St.
Lawrence from July to September in 1965 and 1)66. This year-
class can also be followed in lengta frequencies of samples taken
from 1950 to 1964. The measurements for 1360 and 1951 (Berseron,
1961, 1952) were taken in the Gulf of St. Lawrence while the
measurements for 1962 to 1964+ were taken in southwest Nova Scotia.
The same length groups found off southwest Nova Scotia in June
are found later in the Gulf of 5t. Lawrence and hence these length
measurements can be used to derive a growth curve for the 1359
year-class. The mean lengths of the 1959 year-class for 1950
to 1954 were calculated from the length frequencies. The length
frequencies for 1952 were clearly bimodal and the minimum frequency
(345 mm) between the two modes wus token as the upper size limit
of the 1959 year-class. The data from which the growth curve
was derived are given in Appendix VII a and the resulting growth
curve which is compared to those derived from otolith readings
in 1955 and 1956 is shown in Figure 16. The 1959 year-class is
swaller at each age than any ol the subsequent year-classes.

Figure 17 compares the growth rate of the 1959 yea

class with that of thz 1923 year-c

ass from lew ingland waters
(Sette, 195)), and with the growth curve obtained for mackerel

(Steven, 1950) (1), rhe

Ihe measurements of Steven (195)) were conver from total
lenzth to fork length by FL=.21, rL. Steven (op cit) does not
state what measuremcnt was u but it is assumed Chat he uscd
the standard measure presc py the International Commi

for tne dxploxa icn of the Sea (ICLS) which was total le
1939).
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(1965) have recently suggested tihat the concept of asymptotic
giowth does not apply to many fish populations. The growth
of the 1959 year-class of mackerel would suggest that the walford
plot does not adequately describe its growth.

(iv) Girowth of the different year-classes

The 1966 year-class which was represented by only a
few individuals, taken between September and October, ranged in
size from 125 to 200 mm.

The 1965 year-class sampled in 1966 can be divided
into three groups which are recoinized by different lengths
(fig. 19). One group was sampled at Provincetown, Mass., another
at Fubnico, N. 8., and the third in 3t. Margaret's Bay, N. 3.
The group a: Provincetown was sampled at the beginning of July
ond in mid-September. The measurements of the first annuli were
identical for the two samplings indicating that they belonged
to the same group of fish. Therefore, the 27 mu increase in
fork lengti between July and September is a result of growth.

No otoliths were available for the group from Pubnico but the
increase in length with time indicates that the same group stays
around Pubnico during the summer, and the increase represents
growth. The July S sample is much smoller than the others waile
tiue August M sample is much larger and these may represent other
groups which are migroting along the coast. 1In fact, the August

sample may have been the same zro as the one in St.

n

Juy. The 1965 rear-class frow 5t. largaret's

the other two groups. Taggirz results from 3t. M

stow taat this zroup remains in thc Bay throughout the summer.
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The sample from Halifax in October may be from the same group
found earlier in St. Margaret's Bay and if so, represents a
31 mm increase in length in three months. Ihis sample also showed

the largest first annulus of any year-class. The length of these

A9e=-T fish was equal to the lenrth of the 1959 yecar-class at

45e<IT, both measured in the antumn.

The 1904 year-class conprised 72, of the samples from
southwest Nova Scotia and the By of Fundy auring July and auzust,
1965, and 13,0 of the samples from southwest Nova Scotia and the
Gulf of St. Lawrence in 1955. Growth in the first yeur, as in-
dicated by the first annulus of the otoliths, w:s rapid. The
difference in length between this year-class in 1965 and 1900
was 53 mm. This year-class was also present in samples from
lassachusetts., The mean fork length and the mean lenzth at the
first annulus were not significantly different (F20.09) between
this yeur-class in the two areas. The variability of tiis 1964
yeuar-class, both from Canadian and United Stutes waters, is
larger than that of any of Lhe other year-classes. This may
indicale that the members of this year-class were spawned under
more vsariable conditions than normal or that the spawning occurred
over a lonzer time than usual.

The 1953 year-class is present in the lensth samples

soutiuwest liova Scotia in 1954%. 1In 1965, it comprises 5. of

ay and June samples from southwest Nova Scotia and 12,; of
the July S5t.

LuwWience.

‘ference in lenzth between 1955 and 1956 was 30 nmm, showing
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rapid growth between Age-II and age=III. This year-class was

also present in samples from Massachusetts, but neither the mean
fork length nor the mean width of the first annulus were signif-
jcantly different (F>0.05) than those of fish from Canadian waters.

The 1952 year-class may be the first ;rogenj of the 1999
year-class. = It forms less than 5, of the fish sampled in 1955
and 1966. It is obvious in the length frejuencies from the October
1952 sampling as very small fish (95 to 125 mm). This year-class
has been a poor one, perhaps due to below average temperatures in
the Gulf of St. Lawrence in the yeuar it was spawned.

The 1961 year-class comprises less than 10p of the samples
in 1965 and 1966. This year-class first appears in the length
frequencies in July, 1962, in southwest Nova Scotia. Graham
(unpublished records) identifies these length frequencies, by
age-determination from otoliths, as belonging to the 1961 year-
class. The growth of this year-closs has been faster than for
that of the 1959 year-class. The 1901 year-class equalled the
1959 year-class in size in 1955 and 1956.

The 1960 year-class comprises 74 and 16j of the samples
in 1965 and 1956, respectively. The length frequencies between
1960 and 1956 do not indicate the presence of this year-class
but it may be masked oy the dominant 1759 year-class. The mean
fork lenszth of this year-class and the mean widths of the first
four otolith annuli are not significantly different (P2 2.05)
than those of the 1959 year-class. The 1900 year-class either
had almost identical growth to that of the 1959 year-class, an

unlikely situation in view of the variation in both fork lengths
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and annuli widths shown by the other year-classes, or the 1960
year-class 1s an artifact, actually representing Lhe 1959 year-
cless. The 1959 year-cless showed very poor zrowth in 1962,

probably as a result of lower suiface temperatures. Observations

wiiile reading otoliths, suggested that the 1902 swamer zone was

difficult to determine and thus sc 9 year-class fish would

be read us 1950 year-class fish. rowtii incirement
wus not found when measuring the annulus bub tuis iay be due to

tae units of measurement being too coarse. The 1260 year-class

was probubly a poor year-class and is no longer .resent.

The 1959 year-class wiich has inant since 1330

comprised 70, of the lay and June sample » and b4, of the
samples in 1956, The mean fork lengths for each age and the mean
widths of the successive annulayr rings on the otolitas are smallecr
than for any of the other year-clusses, except for the 1950
year-class. The size of this year-class at uge-I was smaller

than Cor the 19645 year-class but the growtl rate wus about equal

(I"tg. 19). The increase in

.2 between igc

aze=-I1 was

laree (39 mm) while the increase in size between -IT and

at2=TTT was small (5 rm). It lws been shown carlier that first

spawning normally ocecurs at .. e-IT and t

ils is ace

by

by a transition from frst toc slow growthi. Thus, first spawning

for this 1999 year-class nave occurred until :

-I11,

in 1902, he surface temp

es for the Gulf of 5t. Lawrence

in 1952 were below normal und this along with first spawni
I

have accounted for the poor growth in that y

Tue slow growtia of the 1959 year-class cunnot be cor-

related witn belcw average surfuce

perature or a poor crop
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of zooplankton. 1In fact, studies in the Bay of Chaleur showed
that the zooplankton were more abundant in 1959 than any of the
other six years during which tae abundance of plankton was measured
(Lacroix, 1965). The dominance of this year-class indicates
that & large number of fish was ypresent in this year. There
is a suggestion, therefore, that growth way be density dependent.
(v) Recruitment
The fluctuation in abundance of the commercial catch

of mackercl is very dramatic (Fig. 5). Various theories have
been postulated to account for these fluctuations, including
migration to Europe and overfishing, for which protective legis-
lation was passed in Massachusetls us early as 1070 (Goode, 1870).
Sette showed that fluctuations in abundance were the result of
differences in survival of the various yeaur-classes. The results
of the present survey support Sette's theory, as the increase
in catch since 1959 can be attributed to the successful survival
of the 1959 year-class. While this year-class was successful,
subsequent year-classes were not. The reasons for this are not
clear but a few suggestions can be made.

A Phe relative success of survival of a year-class may
be dependent on tire initial numbers of eggs spawned and the sud-
sequent survival of the eggs and larvae, but for most marine

species, ineluding mackerel (Sette, 1943), it is the latter

which is important. The commercial caten of mackerel in 1359
for Canadian waters was the smallest since 1910; also, fish waicl
could have spawned in 1999 were scarce in the samples taken in

subsequent years (Fig. 9). Thus, the success of the 1759 year-
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class may have been a result of the survival of a large pro-
portion of larvae from a relatively small number of €EES.

liost of the spawning of the northern population occurs
over the Magdalen Shallows in tius Julf of 53t. Lawrence. This area
becomes strongly stratified as to temperature and salinity, with
surlace temperatures as high as 20 ¢. Worley (1933) showed that
development and survival of macksrel egss occurred only between
11 ¢ 2nd 20 C with 16 C bein- op tisum under laboratory conditions.
Sette (1943) found the egEs to be most abundant in the sea below
11 C. dorley (op cit) collected the eggs from water of 15 C
and it appears that the hizh mortalities below 11 C were a
result of the decrease in temperature from 16 ¢ to 11 G Thus,
a sudden decrease in temperature such as occurs in the Magdalen
Shallows, caused by oscillation of the thermocline induced by
wind (Lauzier, 1957 a), would increase mortality of the eges and
perhaps also of the larvae. a4 sudden decrease in surface temp-~
erature did occur at Grande-.iviere in 1962 when the temperature

dropped from 11 C to 6 ¢ between July 19 and 20. If this con-

dition was

general throughout the northwest area of the Gulf of

it conld heve been one of tae factors responsisle
for the low recruitment of tlie 102 year-cluss. In addition

Lo thes¢ sudden decreases in tempeizture, Taylor, Bigelow and
Graham (1997) using a three-year lag period have showed a positive
correlation between mackerel landings and air temperatures.

fuus, in years with below average surface temperatures or rvetarded
spring warning, the development and growth of the 8ggs and larvae
would be decreased, thus increasing the toll by predation on tne

vulnereble planktonic stages. [he surface temperatures from
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Entry Island for the summer of 1959 were normal whereas for
1962 they were one to two degrees below normal (Appendix III).
This below-average temperature may also have contributed to the
poor survival of the 1962 year-class.

MeCallum (1925) showed tuat normel development occurred
at salinities as low as 19.6?2. The lowering of salinities
caused by precipitetion and surfzce run-off, in addition to the
usual spring incursion from the 5. Lawrence iiver, thus would
not affect directly the survival of eges and larvae. Iowever,
it could affect their survival indirectly by lowering the density
of the surface layer and causing the eggs to sink to the sub-
surface waters where the cooler temperature would slow growth
and development.

The abundance of zooplankton is an important factor
in the survival of mackerel larvae (Sette, 1943). Information
from the Bay of Chaleur indicates that the crop of zooplankton
was more abundant in 1959 than in any of the years 1955, 1960

to 1962 and 196%. However, it is not known if this represents

the general condition throughout the Gulf. .n unusually larg
crop of plankton was correlated witu successful recruitment of
five spceies of fish in Lake iric (Scott, 1)50). isvidence from
other animals which neve pelagic i;;vae and spawn in the liagdalen
Shallows suggests that the successful recruitment of mackerel
was not paralled by lobster (Scarratt, 1963), plaice or cod
(Fowles and Kohler, personal cormunication).

Sette (1943) showed that prolonged winds from abnormal

directions were responsible for (e poor survival of the 1932
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year-class in the southern population by drifting the larvae
away Llrom the plankton-rich nurscry areas. Frolonged southerly
or southwesterly winds in the Gulf of 5t. Lawrence would cause
the eggs and larvae to move to t.ie cooler and less productive
Laurentian Channel and Gaspe coast, thus decreasing survival.

In addition to the envi.ronmental factors influencing
the recruitment of mackerel, density-dependsnt causes of mortality
among ezgs and larvae may be important in survival of a year-
class. dicker (1954%) suggests tint a combination ol density-
dependent mortality with the mortality caused by environmental

factors could account for the morked oscillation in mackerel

abundance. rhe high production of recruits by a small numoer
of spawning adults in 1999 and the low production of recruits
by a lurze number of Spawners in subsequent years, [its the
theory ol density-dependence. Indeed, in mackerel tnere is a
cenerally recognized inverse correlation between the numbers of
Spawners and the success of ivecruitment (Bigelow and Schroeder,
1953). The two factors which may be responsible for density-
dependence of recruitment in mackerel, are cannibalism and

competition for food.

Mackerel have been repoited to feed on eggs and larvae

of vurious specics of Tish, and sma2ll mackerel (Bigelow and

schroeder, 1953). They feed by both somewhst passive pharyn

filteri

& and by active pursuit of srey. Goode (1864) claimed
that mackerel in the Gulf of jt. rawrence do not feed during
the spawnin; period hecause t¢heyv could not be taken on hooks

at thet time. lowever, durins the prresent study spawning mackerel

were captured on hooks and und.iwater observations Plus inspection
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of stomach contents of purse-seinc caught mackerel showed that
they were feeding on zooplankton during and immediately after
spawning. Thus, passive cannibalism of eggs and larvae by adult
fish may occur and in years of abundance of adults could be a
significant factor in mortality of eggs and larvae.

Competition may also be significant in controlling
survival of a year-class. The 1759 year-class grew more slowly
than the other year-classes in the first year as a result of
competition within the year-class, in spite of the apparent
abundance of zooplankton. Thus, especially in years of low
abundence of zooplankton, this within year-class competition may
be an important factor in determining success of recruitment.

(vi) Distribution and migration of the mackerel in Canadian
waters

(a) lMigration of adults - The disappearance of the mackerel
from the surface waters during the winter has'long been the subject
of controversy, especially among Canadian and United States biol-~
ogists in the latter decades of the 19th century. United States
biologists claimed that the schools of mackerel migrated in the
autumn to southern waters near Cape Hatteras where they overwintered,
then with the warming of the waters in the spring, they moved
northward as far as the Gulf of 5t. Lawrence, and aence United
States fishermen should have the right to follow the fish into
the Gulf of St. Lawrence and fish there. Canadian biologists,
however, quoting records of winter catches of mackerel, stated
that the mackerel moved seawzrd in the autumn, overwintered just
offstiore, and returned to coastal waters during spring warming

and hence United States fishermen did not have the right to fish




_53-

in the Gulf of St. Lawrence (%oode, 1834). The Ireaty of
Washington, 1873, granted United Stutes fishermen the right to
fish in the Gulf of 5t. Lawrence, but in 1877 the Malifax
Comnission determined that the zovernment of the United States
should provide financial comuensation for the privilege of fishing
in the Gulf. This controve:sy existed until Sette (1)50) plotted
the records of occasional winter catches, then suggested that
tiiesc mackerel pass the wincer at mid-deptiis in water around

/¢, along the edge of the continental shelf Ifrom Sable Island

to Cape Hatteras. Lliecent caiches of mackerel by .ussian fisher-
men from 1964 to 1966 indicated that there are large quantities
of macierel in the winter on the South and northwest slopes of
Georges Bank (ICNAF, Dartmouth, I'. 5., unpublished records).

From 1926 to 1935 Seite (1250) analyzed a considerable
quantity of length measurements Srom commercial catches and
combincd this with the results from tagging experiments to indicate
thie existance of two populations ('contingents') described as
'northern' and ‘'southern' with discrete spawning areas in the
Gulf ol 3t. Lawrence and from Cupe Hatteras to Long Island,
respectively. Sette also outlined their different patterns of

migration (Fig. 2Q).

The southern population ssed the winter in an area
south ol that for the northern one. Larly in april, the southern
population appears between Cape 'latteras and Jelaware Bay moving
inshore, then joined by additional schools from off'shore it moves
nortih and east, spawning in ray between the coast of HNew Jersey
and Long Island. They then move zround Cape Cod to occupy che

western half of the Gulf of l'aine in summer. The autumn withdrawal
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occurs in Uctober, with the schools often proceeding as far
south 2s Block Island, i. I., before disappearing from the surface
waters.

The northern population, after passing the winter along
the continental slope, approaches the coast of southern New
Bngland in late May, mixes temporarily with the southern pop-
ulation, then moves to the northwest and is joined by additional
schools from offshore. Tnis newly constituted aggregation migrates
along the coast of Nova Scotia and into the Gulf of St. Lawrence
where it spawns in June and July. Parts of tuis sometimes remains
along the Atlantic coast of Maine, lova Scotia and Cape Breton
Island. In September and Cctober, the northern population with-
druws from the Gulf of St. Lawrence, moves southward along the
coast of Nova Scotia and through the Gulf of Naine from October
to December where a brief mixing of the two populations occurs.
The northern population leaves the Zulf of liaine near Cape Cod
in Vecember.

The analysis of length measurements, the results of
tagging, observations of the seasonal distribution of catceh and
comnents made by fishermen during the present study all tend to
support the pattern of migration for the northern population as
sugiested by Sette (1990), and answer some of the previously
unresolved problems concerning the migration of this nortiiern
population.

Ihe first mackerel sampled from southwest Nova Scotia
in late My are larger than those in June. This results from the
presasnce of larger fish (1959 year-class and older) in lMay than

in June. During migrations, mackerel tend to form schools, tue
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Individuals of which are of uniform size and this in turn is
reluted to swimning speed (Sette, 1950). The larger fish swim
more rapidly than the smaller ones and would arrive first on
the coast of Nova Scotia.

Mackerel wiiich are captured in lay and early June
along the southwest coast of Nova Scotia are assumed to move
eastward along the coast and then into the Gulf of 5t. Lawrence.
Ine length-frequency distributions for 1955 and 1956 show that
mackerel found on the atlantic coast of Nova 5cotia in June are
similar to those found in the Gul{ of St. Lawrence in July (fig. 9).
Phree of the nine fish recaptured in the tagging study in southwest
Wova Scotia in June, 1906, had migrated to Cape Breton. Two of
these were recaptured on the same day near arichat within 8 km of
each other, 500 km from the point of release. It is probable
th:t these fish had migrated in the same school. The other
six recaptured fish showed th:t some schools remain along the
southwest coast of Nova 3cotia. ‘hese tagging results agree with
the tagging study conducted by the atlantic liological Station,
St. Andrews, . 3., in June of 1925 to 1928 in southwest Nova
scotia (anon, 1931, Sette, 1950, and unpublished records Fisheries
Hesearch Board, 3t. Andrews, ll. .). Of lhe 43 recaptures in the
Lirst three months of that study, 37 showed migration northeast
as far as Cupe Breton. Cnly one fisi was recaptured from the
Gulf of St. Lawrence. The remainder were recaptured in the
vicinity (190), along the coast of laine (%) and one in the Jay
of fundy. [his indicates that some fish remain around south-

western llova Scotia and in the norchern Gulf of lMaine during the
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summer. The paucity of tagging returns in the Gulf of St.
Lawrence from the tagging (1925 to 1928 and June, 1966) in
southwestern Nova Scotia indicates that the fish which are found
first along the coast of southwest Nova Scotia may be an inshore
branch of the main body of migrating schools which remain on the
Atlantic coast of Nova Scotia or migrate into the Gulf of St.
Lawrence. If so, they must remain in an area or areas where there
is no commercial fishery. Comments from fishermen indicate that
the largest spring catches are made in the first or second week
of June.

Mackerel which are found at the head of 5t. lMargaret's
Hay in July all tend lo remain within the Bay until October as
shown by the vesults of the tagging performed there in 1956.
However, thiis was not the case with fish tagged on June 30, 1327,
at the mouth of the 3ay. Only one of the nine returns in the
first three months was within the area of tagging, six had moved
to Cape Breton as far as Ingonish and two were found in the Gulf
of 3t. Lawrence.

The tagging program in the Gulf of St. Lawrence in 1956
yielded only 0.3 returns, all near the point of release. This
low percentage of recaptures may indicate a large population of
fish in the Gulf. The tagginz carried out in August, 1925, from
the Magdalen Islands yielded one recapture near Prince udward
Island in September, 1925.

In the tagging study in 1925 to 1928, 30p of the tagged
fish were recaptured from United States waters (Sette, 1950) .
These returns confirmed the pattern of migrations proposed by

ette. No recaptures Irom the tacging in 1956 were made in

w
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the coastal walers of the United States. [his absence of returns
is not unexpected, since the cateh of mackerel in the United
States has decreased drustically in recent years and was only

13,. of the Canadian catch in 1900 (Table I) whereas from 1925 to
1728 it was four times greater than the Canadian catch (Sette

and Needler, 1934).

There were five returns from the tagging in June, 1927,
at 3t. Margaret's Bay during the summer of 1928 from New Jersey
to Cape CoJ after the northern population had left this area.
Sette (1950) claims these were stragglers wiich were injured by
tiie tag attached around the caudal peduncle, and thus were unable

Lo

ain with their scliools. .un alternate suggestion wauich he
mentions bub discounts, is that some members of the northern
population in one year may join the southern population in another
yecs. This seems Lo have some validity since these stragglers

represent 33, of the recaptures from that tag Tagging studies
I D34 Y 8g1ng

in other localities in Canadian waters did not yield returns during
tiie foliowing sumriers in the arca normally ocecupied by the southern
population. Thus, mixing between Lhe populations may occur but
is not a general occurrence.

The movement of muckerel within the Guli of 3t. Lawrence
cannot be determined from the few tugging returns from there

but t.e montily statistics of coumercial cutches su:gests the

5. Local concentrutions appear along

following

southern shore and thie Gaspe cosst in July, along the north

shore in and around the liazdalen Tslands and lrince .

Island In auzust znd September. In Uetober, schools are

sugiesting tiut the mackerel are

R

located along Cape 3reton Islanc
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leaving the Gulf throuch Cabot Strait. In yesrs of above average
surface temper.tures, they may move along the east coast of
Newfoundland.

Tn addition to the information on the spatial distri-
bution of the mackerel, the following general information on the
nature of the migration was determined.

The movement of the northern population to the Gulfl
of 3:. Lawrence in spring is a spawning migration as indicated
by the information on stage of maturity. The mackerel along the
atlantic coast of Nova Scotia in June are ripening, whereas those
in the Sulf of 3t. Lawrence are spawning or spent in July. Casual
examination of stomach contents indicate tnat this spawning mi-
gration was accompanied by feeding.

The swimming speed of fish-of-the-year in captivity
nas been demonstrated to be 11 kw/hr while that of yearlings is
21 km/ir. One fish in the present tagging study (1965) travelled
660 km in 12 days for an average swimuing speed of 2.1 km/hr.
fwo returns from the tagging study at St. Margaret's Bay in 1927,
showed rapid movement through considerable distances; one travelled
290 km in 5 days and the other travelled 485 km in 7 days, giving
average speeds of 2.1 km/hr and 2.5 km/hr, respectively.

he uniformity of size composition within schools
disappears during the swmmer feeding in the %ulf of 3t. Lawrence.
Observations of purse-seine catciles show all sizes are present
in one school. Underwater observations of a school encircled in
a purse-seine saowed that not only were the different sizes of

mackerel integratcd into one sciool, but there were otner species




of pelagic fish, herring (Clupea harengus), gaspereau (alosa
pseudouarengus), and shad (ilosa sapidissima), in the same school.
In summary then, the spring movement of mackerel is
a spawning migration during which the fish are also feeding.
The fish move along the coast of Nova Seotia and into the Gulf
of St. Lawrence. The largest fish arrive first, in late May.
The wain schools usually appear in early June. [lhose which arrive
along the southwest coast of lNova scotia probably represent a
branch from the main body of fish and some of these may move
westward and stay in the northern part of the Gulf of laine,
others may remain in coastal waters of soutiwest lLiova 3Scotia for
the entire summer, and others may migrate northeastward along
the coast of lova Scotia with some or all entering ths Gulf of
St. Lawrence. Some mackerel stay along the atlantic coast of
lova Scotia all summer and toose wiich enter 3t. largaret's Bay
in July remain there until autumn.
The main body of fish spawn in the Gulf of 3t. Lawrence
over the Fagdalen Shallows. ifter spawning, they disperse and are
found throughout the Gulf being more concentrated in the northern

part in August, and around the lazdalen Islands and Prince Zdward

Island in September. The main body leaves the Zulf via Cabot
Strail in Cctober and if the water temperatures on thes cast coast

of llewlfoundland are above aver 2, Some schools will move north-

ward along the ezst coast. The nuclkerel schools have lei't all

areas in December and arc assumed Lo pass the winter
in the vieinity of Georges Lank.
(b) Migration of immature fish - altenpts to capture

fish-of-the-year in aurust in 1905 and 1966 were unsuccessful and

I |
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information on their migration could not be determined.

Age-I fish or 'tinkers' (fishermen's term for yearling
mackerel, 220 to 290 mm) from the southern population migrate
separately from the adult fish and arrive in the Gulf of Maine
about a month later than the larger fish (Sette, 1750). These
fish appear along southwestern liova Scotia and in St. largaret's
Bay in July and then remain until October. The appearance of
yearlings along the Atlantic coast of Nova 3Scotia is a regular
occurrence (MacKenzie, 1930) which fishermen describe as a summer
run of 'tinker' mackerel. The mean lengths of yearling fisih in
samples taken in 1966 is different at Pubnico and 5t. Margaret's
Bay. This agrees with Sette (1990) who found different size
yearlings in different areas. a few yearlings were found in the
Gulf of St. Lawrence in 1960 and fishermen in Prince Edward Island
stated that they captured some schools of 'tinkers' in July, 1966.
Bergeron (1961) shows that yearling mackerel of the 1959 year-
class were common around the Magdalen Islands in 1960.

In summary then, the yearlings follow a similar pattern
ol migration to the adults but thiey appear a month later. They
remain along the coast of Nova Scotia, often in large schools,
particularly around Pubnico and in St. Margaret's Bay, occasionally
entering the Bay of fundy. They may reach as far as the Gulf of
St. Lawrence in years when they are particularily abundant. The
migration in the autumn is assumed to be similar to that of the
adults, leaving Canadian waters in September and Cctober and
passing the winter near Georges Bank.

(¢) Factors which may influence the migration of mackerel -

The start of the spring migration probably is regulated by the
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incressing photoperiod with subsequent control by temperature.

The recent appearance of mackerel on the east coast of Newfoundland
in autumn coincides with higher thun averarge temperatures
(‘Cempleman and Flemning, 13753), suggesting that the migratory

movements are simply a response to temperature. Galtsofi (1924%)

showed that t auturmn nmigration of the atlantic mackerel in the
Black Sea in autumn is related to a sudden irop in surface temper-
ature, but is independent of the temperature at waich this drop
occurs. This migration also is independent of salinity. 4
similar situation may occur in the Sulf of St. Lawrence as fisher-
wen claim that strong winds in the auturn (which would increase
mixing, thus lowering surface temperatures) cause the Tish to
disappear.
(vii) Population study

Sette (1950), after analyzing samples from commercial
catches of mackerel over a 1)-yeur period, was able to separate
the 4ilantic mackerel from the coastal waters of llorth america
into northern and southern populations (ifig. 21).

Differences in lenzsth and age composition of samples
from Che northern and southern areas were apparent in 19005,

the 1799 yeur-class was dominant in the northern prpulation,

willle U

e 1055 year-class appe be dominant in the soutiern

populztion. However, the samples [rom the southern population were

obtained mainly from inshore traps at Provincetown, lMass., where
Sette (1990) has shown thers is a concentration of smaller and

young

rish during summer and early autumn. fhus, tihe do

of the 1965 year-class may not reprresent the true age composition

of this population. Only one sample was obtained from the offshore
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purse-seine fishery at Provincetown and in this the 1964 year-
class was dominant with the 1963 year-class next. Only two fish
of the 1999 year-class were present in this sample of 100 fisi.

The difference betwecn the length and age composition of the two
populations may indicate a difference between them, but the paucity
of samples from offshore foir the soutiiern population makes this
comparison uncertain.

The average fork length of fish belonging to the 19062,
1963 and 1964 year-classes sampled in the summer of 1966 did not
differ significantly (IX0.05) in the two areas. In addition,
the width of the first annular zone on the otolith did not differ
significantly for these year-classes from the two areas. The
19565 year-class has already been shown to consist of at least
three different length groups. The group from the southern area
is intermediate in size betwecen the two groups found in the
northern arca, Thus, the diiference in size in this 1955 year-
class does not indicate a difference between Lhe populations.

The study of meristic characters failed to show sig-
nificant differences (13¥).05) between the samples from the northern
and southern areas for the number of anal fin rays, dorsal finlets
or anal finlets. The counts of the dorsal fin rays did show a

significant difference between fish from the two areas but a

significant difference was also shown by fish of the northern area

sampled on the atlantic coast of Nova Scotia and in the Gulf of

SL. Lawrence, yet these fish belong to tie same northern population.
Lvidence from the biocuemical study fails to indicate

any genetic differences between the populations. The lack of

polymorphism in the LDH pattern of mackerel is unusual as poly-
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morphism has been demonstrated in herring and cod by Odense et a

(1966 b, ¢) and in pollack (Lollochius v

us yirens
co;

irens), haddock (lielano-
grammus aeglefinus), tomeod (Microgadus tomeod), and the Atlantic

salmon (Salmo salar) by Odense (personal communicztion). There

was no polymorphism in the other enzymes tested in mackerel in
this survey. [rhe lack of polymorphism of the enzymes in mackerel
may indicate that they are genetically very stable.

In summary, differences were found in the length and
age composition of the two populations, but these differences
may be the result of inadeguate sampling of the soutaern population.
A difference was found for the counts of the rays of the second
dorsal fin, between the two populations, but a similar difference
was also found within the northern population. No differences
were found in the other meristic cnaracters. The enzyme patterns
of Clhe two populations were not different indicating that the
populations are not genetically distinct.

The lack of differences in growth rate of the 1962,
1963 and 196% year-classes from the two areas does not conform
to the existance of two populations, especially in view of the
dirferences that exist between different year-classes, This
similarity of growth rate sug:ests that these year-classes are
actually members of the same population. .s already mentioned
(in discussion of migration), mixing of the populations may occur
(i. e., members of one population in one year may be found in
the other population in another year). This mixing could happen
il the spring spawning migration was controlled mainly by temp-
erature. napid vernal warming could cause the waters in the

Gulf of Maine to reach a suitable temperature for mackerel spawning
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before the slower-moving scnools destined for the northern area
had left the Gulf of Maine. These schools would then stay there
during the late spring and summer, spawning and feeding.

(viii) Biochemical study

Mackerel were found to have three major isozymes corres-
ponding to the mammalian LDI-1, 3 and 5. Markert and Faulhaber
(1969) found only two main isozymes LDH-1 and 5 but the dis-
appearance of the LDH-3 band after storage at -15 C could account
for their f{indings.

The bands of minor isozymes found in kidney, eye and
brain are probably separate from the main system of isozymes and
under separate genetic control, similar to the extra isozyme of
LDH found in the sperm of many mammals and birds (Blanco, Zinkham
and Kupchyk, 1964). ixtra isozymes irom the brain and eye have
been found in other fish (liarkert and Faulhaber, 1965; Udense,
pecrsonal communication). These extra isozymes from bhrain and eye
may be part of the same system with the minor bands being different
combinations on the LDH-b and LDI-g sub-units. Kohn (personal
comiunication) found isozymes in mackerel eye which corresponded
to the LDH-b and e. ©She also found that retinal dehydrogenase
(RDH) activity was located in the same place on the starch-gel
as LDH-b.

The extra LDH isozyme band in the kidney appears to use
malate as a substrate. This extra isozyme may represent a non-
specific dehydrogenase.

The weak bands of LDH activity present in samples of

rozen tissue (Fig. 19) may be permutations of the monomers
within the three major bands caused by alterations in the tetramer

structure.
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Table 1
Catchies of mackerel in the waters of ICNAF Convention, 1904
to 19,.1, by Canada, Russia and the United States, in metric

tons (1 metric ton equals 2204.5 1b)

Year Canada hkussia United States
196k 10,785 660 1,264
1965 10,991 2,877 1,%69
1906 11,675 ), 580 1,501

lFrom ICHAF Statistical Bulletin

196%, 1955 and 1966 (in press)
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Pable 2, Mean fork lengtii 11 wm of maclerel sanpled from

somaerciil catehes in Halifax Jounty, L.S, (-9 June,

1965, and from rlalpeque ilarbour, . seley 30 July to

1 Ansust, 1966.

e Sample
fgar Date  _ Logcation ear size liean
1065 June Indian iarbour lrap 100 347
1365 7 June IFrench Village Irap 100 353
1965 7 June Indian [arbour Crap 100 349
1265 7 June PFPer:y's Cove Irap 100 348
1965 June Indian Harbour trap 100 343 12,0
1265 § June Pegzpgy's vove Trap 100 346 12.9
1265 9 June BEast Jeddore 2-7/3 zill net 100 349 BRI
1)65 9 June lurphy's Cove 2-7/8 7ill net 100 347 38 24
1966 30 July Malpegue libr, lPurse-seine 100 354 1.8
1966 30 July Malpeque libr. Purse-seine 100 350 L5l
1966 31 July Malpegue ibr. Purse-seine 99 3 b i s

o
1966 1 Aug. Malpe,ue Hbr, Purse-seine 96 3N 121




Tzable e i 2 e o) st s ne Ir sou 5
i va 3 i v 1 =3 5
2ad 1 iy i 1l 0L -2, Lawrence (41), froz 1962 to

1962

Wi

+X L LT
Hay June Hay June July

1012

304

2148
350

14,0

7.7

Ll




Table 4, Hean fork length and standard deviation of different
year-classes of macker=zl sampled from Canadian waters =
in 1963, 1965 and 1966 (number of fish in parentheses),

= i'orle length in mm

Year-Ulass 1963 1965 1366 1966
June~Auz June-aug, June-Sept, Uctober

1965 ~ 276 + 11,1 280 + 8.3

i 2) 117

1964 - 266 + 13,8 319 & 12:2 323 & 11.1

- (510) (20) (16)
1963 - 318 + 12,1 345 + 8.k
L (T49) (35)
162 266 + 17.3 338 + 11.3 353 + 10,0 -
(T4) 9) (23) -
1961 316 + 9.3 345 + 10,0 358 .+ 95 -
(28) (B4) (:0) -
1960 - 348 + 11,2 357 £ el £
- (107) (36) -
1959 327 + 1741 349 + 1.9 356 + 10, -
(39) (607) (282) -
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Table 6, Mean widths of the successive otolith annuli and mean fork
lengths of the maclkerel from which they were taken,
sampled in Canadian waters in 1963, 1965 and 1966 and
standard deviation

Mean
fork dean widths at successive annuli

Year=- length . mm

Class Date Age mm llo, 01 0y 03 0,+ 05 DJ 0.

1959 June v 327 39 2.5 3.6 k4.1 h.& -
1963 T A7 +.17 £.35 .38 b1 - - “
1959 may-Aug. VI, 349 103 2.6 3.7 4,2 L4 4.7 4.9 _
1965 +16.8 *.27 .40 +.58 +.40 +.48 +.50 -

1959 June-Sept. VII 362 67 2.5 3.6 4.2 44 497 Lo 953

1966 > +10.8 2430 £.35 +£.40 +.43 #.43  +Bh 145
1960 June-July V. 342 4 2.5 3.6 %.2 4Lk 4.7
1965 +13.0 £.20 3,13 #.17 .20 .40
1960 June-Aug, VI 352 5 6 3.6 .1 4.3 4%,6 4.9
1966 11,0 $.22 £.27 +.32 +,36 *.38
1961 June-July IT 316 28 2,9 3.9 4,2
1963 + 9.3 +.25  +.23 4,30
1961 June-July IV 346 9 3.1 W1 W6 49
1965 +10.4 +.21  £.29 £.35 .38
1962 July-Aug, I. 266 i 3.0 3.8
1963 *1743 .34 x.42
1963 June-July II 320 12 2.9 4.3
1965 £11.7 *.23 .23
1963 July-Aug. III 346 17 2.9 4.0 Wb 4.7
1966 #10.8 +.33 41 £.45 1,49
196% July-Aug. I 268 51 3.1 3.8
1)6% £ 7.2 =45 x4
1964 July-Auz, II 320 24 3, b2 4.4
1966 310.4 1% 43 4
1964 October T 323 16 ‘31 b2 4,7
1966 +11.3 .54 .47 .39
1965 October I 279 79 3.5 4.2
1966 + 8,6 .26 xo34

|




Tible 5, Mean fork length and standard deviation of different
year-classes of mackerel sampled from United States
waters in 1966 (number of fish in parenth ses)

Fork length ip mm

Year-Class 1966 1966

- " July bt Sept,
1966 - 143 + 9.7
- (96)
1965 231 + 12.1 2sv 253 + 8.
(T42) (150)
1964 316 + 12.5 -
(85) =
1963 342 + 10,4 -
(39) -
1962 35954 0959 i
(18) =
1961 362 + 17.4 5
() -
1960 368 + 20,5 -
1) %
1959 36704 1143 &
T2) 3
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Table 7. lean widths of the successive otolith annuli and the
mean fork lengths of the wackerel from which they were
taken, and standard deviatlons, of samples from United

States waters in 1966.

Hean Hean widtns at
Tear- Fork —. ____successive 3
Class Date Age Length Number A& ) 02 03 il SH
1962 July Iv 362 12 2.9 4,0 4.6 37
1966 +7.5 + +31 £ .35 <+ .28 ‘& .32
1963 July III 345 2 2.9 4.1 Bl
1966 +12,0 + .39 + .36+ 4
1964  July II 318 4 3.2 4.2
1965 12,0 + .5 1+ .63
1965 I 232 79 3.1 3.6
+13.6 % 37 % .38
1965 I 257 39 3.1 3.8
+ 8.6 + .27 + .63
196 0 143 19 3

.0
1966 + 9.7 + .24
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Table 8, !Mean widths at the first nnulus of otolithis from

Canadian and United States waters sampled in 1966.

Year=- Mean Standard
Class Location Honth Number Width Deviation
at Ol
1965 Canada October 79 335 + .26
United States July 39 35 +.27
1964 Canada July-Aug, 24 3.3 + .60
October 16 o & 5%
United States July 614 3.2 + .94
1963 Canada July-Au:. 17 2.9 £33
United States July 22 2.9 + .39
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Lable 9
Classificotion system used to detcrmine the stage of maturity

of mackerel sampled in 1965 and 19006

3ymbol Stage of laturity Description

4 Imnature

bDetween sexes

B Maturing testes enlarged,
white; the ovaries
enlarged, granular
to translucent with
spots

C Aipe and running similar to maturing

but sperm or s

pressure on the abdomen

D Spent

)

loose ar
residual

both testss
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Table 10
Stage of maturity in various locutions along the Atlantic coast
«f Nova Scotia, in CLhe Gulf of 5t. Lawrence and the coast of

Massachusetts in 1965 and 1900

Date Location Stage of Maturity
Immature lMaturing Ripe and Running Spent
Hay-June Southwest
1955 coast of
Nova Scotia 3 638 - -
May-June Southwest
19566 coast of
liova Scotia 7 369 - -
June Ingonish,
1965 N. S. 7 92 = -
July Yarmouth Co.,
1965 N. 8. 154 146 - ol
Auggst Bay of
1955 Fundy 197 - - -
July Gulf of St. 3
1969 Lawrence Ly ) 47 . 141
August Caraquet,
1965 N. B. L - - 100
July St, Margaret's
1956 Bay, N. 8. i 2 - - 16
august Malpeque Ibr.,
1950 Pe B T, 13 - - 234
Cctober Halifax,
1960 Ne Se 120 = = 20
July Massachusetts 148 5 40 107
1965
September liassachusetts 100 - - -

256
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Table 12
Results of 1966 tagging study in which 2407 mackerel were marked.

and released along the Atlantic coast of llova Scotia and in the

Gulf of St. Lawrence

Date Location Humber Number _ Per Cent
Tagged Recaptured Recaptured tagging site

June 9 3t. Johns Is.,
Yarmouth Co.,
N. S. 50 3 2 4 km

June 13 Clarkes Hbr.,
Shelburne Co., 5
N. S. 85 5 7 660 km

June 20 Clarkes Ilbr.,
Shelburne Co.,

N. 8. 75 9 7 24 ko
July 23 St. Margaret's
Bay, Halifax Co.,
N. S, 100 25 25 15 km
august Malpeque Ibr.,
8-10 Frince Co., % ;
Po Ey I 697 6 1 45 knm
September Malpeque Hbr.,
21-22 Frince Co.,
0 R 1400 0 ) -




cun counts of rays of the sccond dc rin from v
in Canadian and 1 jaters in 1995 and 195

Jate Location Humber

Standard De

+ . Z 9:62
) -

) 1.7 s |-
109 11. L 0.
0 Lled% x . 7

Septemuer Frovincetown,

Jou liass. 11.87 t DY










- 90 =

ani

Leinm

brus (afte

1966).



~dof




. o s* 80* 8 0*
T ! r - '
sov-
e 4Vn t Grand
% Bonks
ot \
as" Maine s ’i
g
. .
Bey Y Tov
5Y e+ | |
o ‘
ES N
Furaig\
‘ Ncose
5 coq Goorges h
moct 1s Seni o
57 4X
L
Delowars Boy
Chasapens Soy
‘ .
0
e werrares
380l | | 7 |
. pacion D -




North Rustico Cheticamp
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\ ! ! /<~—surface Layer
' | ~Thermocline
1 1
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|
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1
|
I
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FIGURS 4, Theoretical section between Horth lustico and cheticaup

in the Gulf of St. Lawrence, under different conditions:
(A) no motion, (B) northerly wind (toward the viewer)
resulting in wara surface water close to thie bottom at
North Rustico and cold bottoa water near the surface at
Chetiénmp, and (C) southerly wind (away from the viewer)
resulting in the reverse effect to a northerly wind
(redrawn from Lauzier, 1957a).
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FIGURE 7.

- 9% -

02
0y

Otolith from Age-II mackerel showing measurement
of otolith annulij 0l is the width of the otolith
annulus formed during the first year, 02 is the
total width of the annulus at the end of the
second year.
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PlaURE 10, Lengthi=-Cregquency listributions of mac'terel
sampled in United States waters
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FIGURE 11, Otoliths from maclerel
(a) Age-0 (September), 1306
Age-1 (Septenber), 251 mu; (d
Age-III (June), 348 mmj (L) A
V (August), 362 mm; (h) Age-V
VII (August), 366 mm.

jifferent ages and lengths:

h) Age~I (June), 232 mmj; (c)
1 (July), 322 mm; (e)

[V (August), 359 mn; (g) Age-

(August), 355 mm; and (i) Age-




(e) (f) (g)

FIGURE 11 (continued)
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FIGURE 12, Per cent composition of year-classes of mackerel
sampled from Canadian and United States waters in
1965 and 1966,



(a)

o e
(b)
(e)

FIGURS 13, Illustration of the apparatus and method of tagging
mackerel: (a) top - a modified large sewing needle used
to apply the tag as a dart, middle - a Watson-Larsen
tag; bottom - a loaded No, 12 hypodermic needle used
to apply the tag as a dart; (b) the Watson-Larsen tag
applied as a ring between the two dorsal finsj and (c)
the Watson-Larsen tag applied as a barb, hooked under
the last rays of the first dorsal fin.
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FIGURE 15.

- 307 =

Lactate dehydrogenase (LDH) activity of mackerel
after starch-gel electrophoresis for 18 hours at
300 v on 16% starch. Odd-numbered slots, heart
and white muscle extracts from Pubnico, N.S.,
June 3, 1966, and even-numbered slots, heart and
white muscle extracts from Provincetown, Mass.,
June 30, 1966.
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Ay siuId 11

Canadian Cateh of Hacknrell

Year  fotal cateli in 000 1bs lear Lotal cateh in 000 lbg
1876 31,3§g 1921 14,555
187 949596 1522 25,122
1878 55,409 192 1,175
1879 57,316 21,559
1850 70,331 18,766
166 32,512 11,549
1882 34,293 15,880
15&9 38,632 12,37
1760 Sy 5 15,276
1885 4k, 720 17,847
1886 45,832 19,625
1887 36,195 17,845
1088 18,953 26,332
1839 19,06k 19,082
1390 29,440 16,050
1851 40, 557 22,764
1592 8,161 23,916
1%3& 22,536 28,557
18 17,329 52,06
1599 12,734 35,73
1696 13,757 35,11
1897 Oy 30,30
1898 10,150 37,0806
1499 10,381 34,207
1900 25,210 0,207
1901 23,155 29,518
1702 13,075 25,971
190 25,032 25,076
1904 11,036 33,523
1905 15,055 27,230
1906 20,527 24, 742
1207 15,430 21,991
108 22,747 18,456
1909 16,419 25,512
1910 0,950 238,118
1911 9,013 22,447
1912 10,798 19,690
1913 21, M6 16,147
101k 14,372 975451
1919 18,093 13,138
1916 15,608 154,118
1917 16,706 16,167
1918 19,078 17,039
1919 22,98 23,90
1920 14,235 o) Bik6
25,741

«Ihe Lotal cateh before 1955 excludes Lewloundland while the total
cateh from 1955 on includes HNewfoundland

11876-1930 total after Sette and Leodler (1934)
1931-1966 Lotals [ron Canadian eries Statisties (annual Review)
1931-1906 - Dominion Bureau of Statistics
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Fork length frequencies for 1962 to 1966 by month and ICHAF Statistical District.

Year 29621 1063 19641 1965
Statistical
Districts LX Lx LT X LT ux L, ur
Month O W B L67810l0561110 ss1elaa|7
Fork
Length
95 23
105 66
ns 10
125 3
135
15
155
165 3
178 3
185 6
195 7
205 9
215 2,12 1 5
225 Yzt 1 15 1k
235 19 2 LY 23 6
215 188 2 2 3 2 . 61 20
255 1 260 WA 2k 16 Lo
265 115 LAY, 13 189 61
275 1n a3 2 5 5 ws W 1
285 9.5 2. Fh =3 R | 92 19 s
295 55 128 [ S 110 2 3 Aieil g 1
30! 2133 219 318 6 1 2k 2 3% 2 b SN
ns 13125 51 26126 18 22 22 19 1 )5 | R Gl A B Rl |

1

APPENDIX IV

o 3eEh
: Rumson,
vl ¢ LT 5Y | iM.J.2
& 1 8 107 8 ol7 olo
L5
38
9
2
2
1 '
1 -
3L 1h (4
36 LS o
L2 28 pIn g
37175 108
292 2 63 25
57 209 o 26 66
21102 8 I 9 U
78 5% ] 12
110 L 3% Sl
€732 kL2 TN
3 AR T 10860, "5 196
W n 1 1 18 5 32

Lme 1962 to 1964 fark length frequencies celeulated fram tobal length by TL = 916 T.. These length frequncies chtained from umpublished

records FPisheries Research Board of Canada, St. Andrews, N.B.
’mmm, 1., is outside the ICNAT Convention Area




422201 IV(cont inued)

Tear 10621 i 1963 1961% 1965 1966

Statistical i i

District Lx i LX b | LY )T LX LV, LT 5% LX LT SY

Nerth S 62 30 ¢ 67 8 10 10 5 6 70 s 6 7 8 68 7 8 9 6 7 8 0 7 86 9.7 9 9
Fork

Ieneth

325 18 103 12 36 70 13 20 79 86 3176 6 21 77 73 1 3 5 3% 2 1 16 17 22 1 2 6 3B

335 2k 51 6 b2 36 6 7 102 72 1310 L4 78 B 3L3 85 33 14150 25 33 13 20 27 33 10 32

345 917 o 3, 8 3 1 52 19 Lk 39 2 79 37733 70 75 3k 307 L8 173 12 9 99 6 55 3h

355 y 17 5 22 1 1 6 1 Lo 28 1 29 77511 36 61 22 290 22 272 16 20 17h 128 132 L2

365 6 2l 8 1 1 20 7 8 853k 8 17 11129 2 188 18 31 121 55103 35

315 22 13 n 2 7 2 1 6 92 3 6 1 20 2613 32 2

385 29 50 18 5 2 2 19 19 1 21 16 23 3 6 6 1 512

395 27 30 20 6 0 1 7 31 6 2 2 '
o5 1 1n 12 2 1 6 2 1 5 1 -
115 35 L 2 E
L25 15 5 2 1

135 I 2 a ¥
ks 1

515 1

Total 172 638 1270 100 2L2 280 100 75 263 197  1L3 L75 1h0 222 30k 2116 106k 200 2001M 1012 100 50 816 L96 837 26:  L87 350 365 701 150 96




APPTDIX 7

Mean fork length and number of mackerel (in parentheses) of different year-classes, by monthly intervals and area for 1965 and 1966.

Year

Class 1966 1965 1964 3958 = 1962 1961
U T T 0 &% fisd v i« 2 v
!ou'
Sampled 1966 1966 1965 1966 1965 1966 1965 1966 1965 1966
Area _son,N.Jl M X Y LX  LX NT  bY T [ Sl % ST LX LT LX LT 5Y X W9y LT kX T SY
Month
May 355 362
1) (@)
June ns 325 339 339 3L 333Uk 357
(2l) (30 ® (22) (1) ws () (22)
July 232 28 319 N7 N6 3N 34 336 339 361 3h2 3L9. 365
(h2) (312) (18) (83) (87) (2 Gn (Gs) (18) (11) @) (5)
Mg, 2717 265 322 308 321 350 325 335 3L3 365
(12) (19%) (25) (3) (2u) (22) Q) &) (L) (6)
Sept. 1h2 258 a7 347 38 360
(96) (150) ()] (6) (O] (12)
Cct. 281 319 350 362 365
(128) (22) (2 ) 3)

Runson, W.J, 1e cutside the ICHAP Comvention Area.
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APPENDIX V  (continued)

!L‘I:s 1960 1959 1958
Ace v o I vII VIIT
Zifq_e; 1965 1966 1965 1966 1966
E‘F Boeills yr g oY ey X )W, W WX W Sy
Menth
Yay 359 362
(18) (51)
June 348 35h 357 351 351 357
en (9 (60) (279) (1) (160)
July 3k2 3k9 370 36 3k9 357 365
(3) (12) (2) (L) (106) (s8) (2)
Aug, 343 358 3L5 357 355
(6) (23) (75) (L2) (3)
Sept. 358
13) '
ct. 355 Y}
(2) o
'
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APPENDIL VI
Date, location, number of fish tagzed and date and location of
recaptures of 2407 mackerel taézed on the aitlantic coast of Lova

Seotia and in the Gulf of St. Lawrence in 1966.

Tagging Recaptures
Date Location Syabol no, Date 50, Location
June 9 3t. Johns Is, Ay 50 June 22 1 Lear Is.,
Shelburne Co. Yarmouth Co., .S,
.8,
June 13 Clarks Harbour Ay 85 June 14 1 Clarks Harbour
shelburne Co, Shelburne Co,., &I.S.
N.8.
June 17 1 Bon Portage

Shelburne Co., H.S5.
June 29 1 Insonish
Tictoria Co., N.S.
July 15 1  Fetit de Grat
Richmond Co., N.S.
July 15 1 West arichat
Richmond Co., H.5.
June 20 Clarks Harbour Ay 75  June 1 St, Margarets Bay,l
.5,
Cape ilerro,
elburne Zo., N.S,
June 27 1 Charlesville,
Shelburne Cos, N.S,
July 1 1 Charle
Shelburne

June 22 1

S Joiins
Shelburne Co., K.o.

July 7 1

A 100 July 14+ St, Hargarets
to
July
Aug.
Aurz.

July 23 5%, dargarets B
Halifax Co., N

NN

garefts I
sarets Be

e
=
[
N
oW+

HEHHEW N

Oct.

lrccﬁvcred from a frozen £ish in bait used by a longliner: the fish
was reported to have come from St. largarets Bay




our

rbhour

Harbour

o

[

O

-

Foaela
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AVPENDIXK VII  (a)

r-class from various

iork length in wa of maclercl ol the 1909 yea

sources for the Gull of 3t. Lawrence (ICHAY statistieal Are W),

the atlantic coast of Cape Breton (ICHAF Statistical Area Yw'r) and
i

southern Atlantic coast of lova Scotia ().

ICNAF
fears Shate ™ Ares . twiber MBRh v - . Souece. e
1960 July 4T 100 224 Bergeron (1961)
1960 August Lo 368 243 Bergeron (1361)
1960 Septeaber 4T 670 250 Bergeron (12°1)
1960 July to 41 1461 24y Bergeron (1961)
septenber
1961 Auzust to WI 1027 282 Bergeron (1962)
Septeuber
1962 June L 513 316 length freguencics
1963 June L 280 320 length frequencies
1963 October 44 263 333 1ength frequencies
1963 GUatober 4T 197 330 length freguencies
1064 June L Lol 330 length fregusncies
1964 October  WI 218 342 length frequencies
1965 June 5 279 351 otoliths
1965 June 1+'Jn 67 391 otolitlis
1965 July L 106 349 otoliths
1965 August LU 75 345 otoliths
1965 June to Wi, WV, 4249 345, length frequencies
August  and 4T ;
1966 June LY 160 357 otoliths
1966 August Iy 78 357 otoliths
1966 Septenber 41 42 357 otoliths
1966 June to 4£ and 1107 355 length freguencies

Septenber 4T




=124 - ‘

3 APPLIIDIK VII
(b) ‘

averase size in mm of mackeral fron

the autumn of 1925 to 1930, froa the waters of ingl (after

ow and iehroeder, 1953).
lear
Saunple 42920 3939, A0 .o
Are 11 1 1 V11 ‘
1 urcd
length 365 385 395 +05 +15 L2y

rk 1 t leulated 1 totnl leng rene
rom the S.{. coast o rland ( n, 1
e 1 11 111 1V / /1
Date 1y sept, lay Yept, May Sept, Hay 3ept, pt. 1y sent,

T 230 ' 286 306 321

KL 218 262 280
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APPERDIA VIIT
(a)
Freqiiency distribution of counts of rays of the second dorsal Tin in

various locations from Canadian and United States waters in 1965 and 1966.

Date Location ligmber of Rays puaber of sauples
> P 0 o £ [ 1 b

Hay 27 Woods larbour,

1965 shelb, Co., N.S. praosish 6 100

June 1- Yarmouth and

15, 1965 Lunenburg, N.3. B =42 97 5 150

June 15~ Yarmouth and

30,. 1)65 Ingonish, K.S. DE5IE133:. 5 196

July 1 to Gulf of St,

Au;.15/65 Lawrence 9 58215 18 1 301

Augz, 10 Malpeque, P.E.I. i il - R 100

1966

Sept.22 lialpeque, P.E,I. 2510l 35 2 49

1966

Aug, 5 l'assanaquoddy Ee 0 S2L. 69 1 8 L1 100

19(:‘7 Bay, N.B,

Qet, 22 Halifax, .8, W36 26 L 43

1966

Sept, 10 Provincetown, sl Bay b 100

1966 Mass,

Sept, 14« Provincvetown, 1 G

1966 Mass,.

esecond dorsal fin ray counts were obtained from radiographs




APFUNDIL VIII

Frequency distributions of of the anal fin in various

ian 1966,

ol
o
2]

waters in 1965

anal f'in ray counts were obtained froa radio :raphs
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(e)

APYANDIX

VIII

Frequency distribution of counts of finlets in various locations

from Canadian and United States waters in 1965 and 1966.

nuaber in

Date Location Number of finlets saaple
L 5 6

June 15~ Yarmouth to Dorsal 6 187 7 200
30/65 Inzonish, .3, Anal 5 95 0 100
July 1- il of 3t. Dorsal 12 1 6 239
Auz,15/65 lawrence Anal 12 282 6 300
Aur,10/66 HMalpeque, L Ol 2 100
Foeli. 1. 4 I+ 2 100
Sept. 22/60 Malpeque, Dorsal 1 49 50
Peli T, inal - 50 50
Oct, 27/66 lalifax, 1,5, 2 ) 7 8
2 5 1 8
Bapt,10/66 Provincetown, Dorsal 2 96 2 100
Mass. Anal 6 92 2 100
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