
Ca da

D.W. Kulka and W.T Stobo

Marine Fish Division
Bedford Institute of Oceanography
Department of Fisheries and Oceans
Dartmouth ,Nova Scotia
B2Y 4A2

er is r·b ion a d Feedi g
of ac e e 0 e Sco ia S e f
and '0 ter Georges Ban with
Refere ce to the in er
Dlstrib io of Ot er.Finfish
Spec·es

August 1981

~ a adia ec nica Report of
·s er·es a A atic Science
o. 038



Canadian Technical Rep ort of

Fi herie and quatic Sciences

The e report contain cientific and technical information that repre ent an
important contribution to exi ting knowledge but which for orne rea on may not be
appropriate for primary scientific (i.e. Journal) publication. Technical Reports are
directed primarily to ard a orld ide audience and ha e an international
distribution. 0 re triction i placed on ubject matter and the erie reflect the broad
intere t and policie of the Department of Fi herie and Ocean. namely. fi herie
management, technology and de elopment, ocean cience . and aquatic environment
rele ant to Canada.

Technical Report rna be cited a full publication. The correct citation appear
abo e the ab tract of each report. Each report will be ab tracted in Aquatic Sciences
and Fisheries Abstracts and ill be indexed annually in the Department' index to
cientific and technical publication.

umber 1-456 in thi erie were i ued a Technical Report of the Fi herie
Re earch Board of Canada. umber 45 - I were i ued a Department of the
Environment. Fi herie and arine ervice, Re earch and De elopment Directorate
Technical Report . umber 15-924 ere i ued a Department of Fi herie and the
Environment. Fi herie and arine ervice Technical Report. The current erie
name \ a changed with report number 925.

Detail on the a ailability of Technical Repo rt in hard copy may be obtained
from the i uing e tabli hment indicated on the front co er.

Rapport technique canadien de

cience halieutique et aquatique

Ce rapport contiennent de ren eignement cientifique et technique qui
con tituent une contribution importante aux connai ance actuelle mai qui. pour
une raison ou pour une autre, ne emblent pa approprie pour la publication dan un
journal cientifique. II n 'y a aucune re triction quant au ujet, de fait. la erie reflete la
va te gamme de interet et de politique du ini tere de Peche et de Ocean,
notamment ge tion de peches, technique et developpernent. cience oceanique et
en ironnement aquatiques, au Canada.

Le Ra pport technique peu ent etre con idere comme de publication
complete. Le titre exact paraitra au haut du re urne de chaque rapport. qui era publie
dan la re ue Aquatic Sciences and Fisheries Ab tracts et qui figurera dan l'index
annuel de publication cientifique et technique du ini tere.

Le nurnero 1-456 de cette erie ont ete publie atitre de Ra ppo rt technique de
l'Office de recherche ur Ie pecherie du Canada. Le nurnero 457-714. a titre de
Ra pport technique de la Direction generate de la recherche et du developpernent,

er ice de peche et de la mer. mini tere de l'Environnement. Le nurnero 15-924
ont ete publie a titre de Ra ppo rt technique du ervice de peche et de la mer.

ini tere de Peche et de l'Environnernent. Le nom de la erie a ete rnodifie apartir du
nurnero 925.

La page couverture porte Ie nom de l'etabli ement auteur ou l'on peut e procurer
Ie rapport ou couverture cartonnee.



Canadian Technical Report of

Fisheries and Aquatic Sciences 1038

August 1981

WINTER DISTRIBUTION AND FEEDING OF MACKEREL ON THE

SCOTIAN SHELF' AND OUTER GEORGES BANK WITH REF'ERENCE

TO TIfE WINTER IHSTRIBUTION OF' OTHER FINFfSU SPECIES

by

D.\4. Kulka 1 and W.T. Stobo

Marine F'ish Division

Department of F'isheries and Oceans

P.O. Box 1006

Dartmouth, Nova Scotia B2Y 4A2

'Research and Resource Services Directorate

Department of F'lsherles and Oceans

P.O. Box 5667

St. John's, Newfoundland AIC 5Xl



i i

Hf n Ls t e r of Supply and Services Canada 1981

Cat. No. Fs 97-61038E

Correct citation for this publication:

ISSN 0706-6457

Kulka, D.H., and H.T. Sto b o , 1981. \.Jinter distribution and feeding of mackerel on the
Scotian Shelf and outer Georges Bank with reference to the winter distribution of other
finfish species. Can. Tech. Rep. Fish. Aquat. Sci. 1038: 38 p.



iii

TABLE OF CONTENTS

Abstract/Resume iv

Introduction •.••..•••••....•••...•••.....•••••••.••.•.•••••••••.••••.......••••••.•.•.•••••

Material and Methods •••••.••••.•..•.•.••.•••••••••.•••••••••••.••.••••••••••.•••••••••.••••

Results and Discussion .•.•••••••.••...••••••..••••••.••.••••••.••••••..••••••••••••••..•••• 2

Species Distribution •••••.••••.••.••.•.•••••••••••••.•••••••.•••••••••••..•.•.•••••.•.•• 2

Species Intermix ••••..••••..•.••.•••.••.••••••.•••••.•.•••.••••.••••••.••••.•..•••.••.•• 5

Mackerel Biology ••.••••••••.•.••.••••...••.••••••••.•••••••.•..••.••••••.••••.••..•••..• 6

Distribution 6

Length/age analysis ••••.••..•.••.••....•••••....•.••••..•.•••.•••....•.•••.•....••••• 6

Otolith growth ••.....•••.........•••.•••.•.•....••••••.•......•••.••••.••••....•.•••• 7

Length-weight relationship ..••.....•••••..••..••••..••••.•....•...•.••..••••...•....•

Sexual maturity •....••••......•••....•.••••....•.••••..•.........•.•••••......••••... 8

Stomach contents •.•.••....•.••••...•.....•••.•••.•••••••.••••.•••••••••••.•..•••••••• 8

Parasites ••••..•.••••...•...•..•..•..•..•.•••••...•.•••••••..•••••.••••....•.•••••••• 8

Meristics 9

Acoustics ••.•.•••..••..••.••.••...••••.•••••..••.••••••..•...•..•••••••••.••••••.•••• 9

Summary ..•....••••..••.•.•..•.••..••.•..•.••..•..•.••••••••.••.••••.•••.•.••.••••••••.•.•.• 9

References ••..•.•.•••••.•.••..••....•••••••.•..•••..••.••••••••••.•.•.•••••..•••••.•.•.••.• 9

Figures •..•.•.......•...•....••.•••...•........••.•......•••••....•.•.•.....••.••.....•.••• 11

Tahles .... '" .............................. . . . . . . . . . . .........•....................•....... 'J7



iv

ABSTRACT

Kulka, D.W. and W.T. Stobo. 1981.. Winter distribution and feeding of mackerel on the Scotian Shelf
and outer Georges Bank with reference to the winter distribution of other finfish species. Can.
Tech. Rep. Fish. Aquar. Sci. 1038: 38 p.

Results of a November-Decemher, 1976, exploratory research vessel cruise for mackerel were

plotted to show overwintering distribution on the Scotian Shelf and outer Georges Bank area.

Mackerel of age groups () and 1 represented 92% of the catches on the Scotian Shelf and only 587" in

the Cape Cod area. This occurrence suggests the whole of the northern spawning population does not

migrate south of Cape Cod to overwinter, but rather a portion of this population, largely juveniles,

overwinters on the Scotian Shel f. The mean length of Scotian Shelf Or g r oup mackerel was 6.3 em

shorter than those foun<l off Cape Cod. The associate<l differences in the radius of the first otolith

annulus shows promise as a means to distinguish be t we en the northern and southern s pawn i.ng

contingents. Stomach content analyses indicated a dependence on euphausids by age group 0 animals

and amphipods by ol<ler mackerel; fish (mainly larvae) comprised a mBximum of 17% of identifiahle

contents~

The distribution by numbers of all other fisb species caught are also plotted.

Key wo rd s : mackerel, finfish distribution, s t omn ch contents, groHth

RESUt·1f<:

Kulka, D.W. and W.T. St.o bo , 198!. \-Hnter distribution and feeding of mackerel on the Scotian Shelf
and outer Georges Bank with reference to the winter distribution of other finfish species. Can.
Tech. Rep. Fish. Aquat. Sci. 1038: 38 p.

Des cartes, illustrant la distribution hivernale du maquereau bleu sur le pl~teau

neo-ecossais et a u t o ur du bane Co o r gos , f u r en t de s s tnfies ~ partir des r e s uI t a t s d ' une campagne

o x p Lo r at o Lr e e f fe c t u e e en nov crnb r o e t dccernbre 1976 ,3 bord d l un nav i r o de r cchc r c hc . Le s maq ue r e aux

d(~8 groureH cl1fjg e 0 o t 1 r e p r e s on t a l cn t 92 % den p r I s c s sur I.e plateau neo-ccnsBais e t seulement 58 %

de celles de la region du cap Cod. Cecl donne a penner que toute la population reproductrice du nord

n'emIgre pa s au sud du cap Cod pour y passer l'hiver. Une portion de cette po pu l a t ton , en grande

partie des juveniles, passeralt l'hiver sur le plateau neo-ecossais. Le groupe d'ige 0 du plateau

neo-ecossais avait une longueur moyenne Ln f e r i.e urc de 6,3 cm ~ c e I l.e des poissons captures au large

du cap Cod. Cette difference se refl~te dans le rayon du premier annulus des otolithes, ce qui

semble p r ome t t e ur c ommr- moycn de d Lf f e r e nc Le r Ies con t lngcn t s r e pr od uc t eu r s du nord e t du Bud. l.e s

u n alys e s des c o nteriu s RLOmaCaU}{ Lnd lq ue n t (PK: l e s maquercaux du gr.oupe d'age 0 Si:: nou r r Ls s e n t surtout

d'euphausides, a Lo r s que les muquc r cnux plus ages consomment principalement des amph Lpo de s ; Le s

poissons (des larves en grande partie) constituent un maximum de 17 % des contenus identifiables.

Nous presentons 6galement in distribution numerlque de toutes les autres esp~ces de

poissons caplllr§es.

Mots-cles: maquerenu, distribution des poissons, contenus stomacaux, croissance



INTRODUCTION

The Atlantic mackerel (Scomber
scombrus) is abundant in Canadian and American
coastal waters from Chesapeake Bay to
Newfoundland (Bigelow and Schroeder, 1953; and
Parsons, 1970). It constituted a very important
Distant Water Fleet (DWF) and domestic fishery
with catches Increasing rapidly from 6,831 mt In
1961 to a high of 420,000 mt in 1973, then
dropping to about 220,000 mt in 1976 just prior
to the cx t e ns i on of jurisdictIon over fisheries
by Canada and the U.S.A. The extended
jurisdiction esseotial ly brought an end to the
DWF Involvement in the mackerel fishery.

There are s t Il I many large gaps in the
knowledge of the biology of mackerel. The
earl I e s t comprehensive works on the northwest
Atlantic populations were done by Sette (1943
and 1950). On the basIs of data collected from
1926 to 1935, he separated mackerel into
northern and southern contingents. The southern
contingent spawns in the Inshore area from Long
Island to Cape Cod (Sette, 1943) and the
northern contingent spawns in the Magdalen
Shaliows (Arnold, 1970). In the fall, the
northern group Ireaves the Gulf of St. Lawrence
and mIgrates out to the edge of the continental
shelf be t ween Sable Island and Che s a pe a ke Bay
for the winter but the details of this migration
and the overwintrering distribution of both
northern and southern f Ls h is still unclear.
Because of the importance of the mackerel and
the limited knowledge of geographical
distribution over the winter, a survey was set
up in 1976, concentrating mainly On the Scotian
Shelf area. The cruise track coverred an area
from Sable Island to Martha's Vineyard (Fig. 1),
excluding the Gulf of Maine.

There are other winter fishreries in
this area, howevrer, thus it is also important to
obtaIn more data on general fish distribution
during this time of year. Most of the previous
work on marine fish distributions north of Cape
Cod (Hare, 1977; Kohler, 1968; Scott, 1971 and
Scott, 1976) were taken from summer cruises.
There is very little distributional InformatIon
available on winter distributions and
assemblages of fish species in this area.
Consequently documentation of potential bycatch
problems during winter fisheries is not
available.

This report then deals primarily with
the distribution, lengths, weights, and food
items of mackerel and al so gives limited
consideration to their otoliths, parasites,
meristics, maturity and temperature preferences.
lt also presents the distribution of the other
fish species caught during the cruIse and the
relative proportion of the dominant species.

MATERIALS AND METHODS

Sampling was conducted between Nov. 17
and Dec. 19, 1976 along the outer edge of the
Scotian Shelf and Georges Bank from the Gully
east of Sable Island (44°06'OO"N, 58°40'00"W) to
Cape Cod (40 004'30"N, 7l oOl'30"W) (Fig. 1). The
cruise track followed a predetermined series of
transects and a minimum number of sets were made
dai.ly with preference being given to making sets
when sonar marks indicated the presence of fish.
Tows wer e made a t a speed of 1.5 knots, wl t h
operations conducted 24 hours a day. Several
se t s were made south of Cape Cod in order to
ensure tbat the charter vessel and gear were
c apab l e of catchIng juvenile and adult mackerel.
During this period the vessel restr icted Its
operation to that area in which the Polish
mackerel fleet was successfully trawling
mackerel. XBT casts were made and surface
salinity samples were taken at each station. A
total of 124 sets us Lng both the Engel bottom
trawl (73 sets) and the Diamond Ten midwater
trawl (51 sets) were made. The midwater trawl
was used mostly in the area south of thre Fundian
Channel where there were strong midwater traces
on the sonar.

Total sample weight for each s pe c i e s
was taken and a1.1 species except invertebrates
and skates were measured for fork length. When
the catch of anyone species exceeded 100
individuals in a single tow, a random sample of
100 fish was measured. Only for silver hake and
flatfish were separate length frequendes for
each sex taken. For subsequent silver hakre
stomach contents analysis, two stomachs per 1 cm
size class per sex were placed in formalin.
Whole mackerel (subsampled in large catches)
were frozen and later in the lab, somatic
weight, stage of gonad development (using an
eight-stage scale recommendred to the Herring
Horking Group of ICES) gonad weight,
and numbers of gill rakers, pelvic fins and

.vertebrae were recorded, otoliths were taken,
and stomachs were analysed.

Catches of all species (in numbers or
kilograms per mile of tow) were plotted for each
station. Contour maps of bottom temperature,
temperature at gear, surface temperature and
surface salinity from the present cruise were
also p l.o t t ed . Sonar traces of tows during which
mackerel, herring, blueback herring, round
herring, butterfish and squid were caught, were
examined to see if individual species could be
identified from the traces. Also plots showing
proportions of mackerel, s Il.ve r hake, cod,
b u t t e r f i s h , blueback herring and redfish were
examined to dc t e rm t ne where species overlap
could cause bycatch problems in winter
fisheries.

Length-weIght, otolith length-somatic
length relationships, and frequencies of length
maturity and preferred water temperature of
mackerel were plotted and examined for the
various locat ions s amp l ed , to de t e nn Lrie
geographical varIation in these parametrers.



Age-length l~ys were derived and
applied to the length frequencies to obtain the
age structure of the population sampled.
Stomach contents of the mackerel including
parasites were broken into major taxonomic
groups, counted and weighed, then plotted as
percentages by weight of each group relative to
mackerel length and age composition.

RESULTS AND DISCUSSION

An examination of surface salinities of
the sample area (Fig. 2A) showed that there was
an obvious east-west demarkation located over
Browns Bank with salinities of 30 to 33% to the
east and 33 to 34.5% to the west. Surface
temperatures (Fig. 2B) were coolest to the north
(2 to 5°C) but warmer along the southern edge of
Georges Bank (11°C). Because most of the fish
caught were bottom dwelling, or lived in mid to
deep layers, the surface environment would
probably have little or no effect on the faunal
distribution. However, the wide range of
temperatures at gear (Fig. 3A) and bottom
temperatures (Fig. 3B) could have a considerable
effect on the distribution of some of the
species and this relationship is discussed
separately for each species. The effect of the
Gulf Stream can be seen along the shelf edge as
eddies of warm water ( 10°C) pushing in just
south of Browns and Emerald Banks.
Correspondingly tongues of the cold Labrador
current push down between the warm eddies along
the Fundian Channel, LaHave and Sable Island
Banks (8°C). The southern edge of Georges Bank
however, is uniformly warm.

An account of the distribution of each
species caught during the cruise is given below.
The distributi.ons of gr oundf i.sh south of Cape
Cod are probably inaccurate because the midwater
trawl was primarily used i.n this area. However,
di.stribution of pelagic species over the whole
sample area and groundfish di.stributions north
of Georges Bank are probably representative
since the sonar traces indicated that generally,
pelagic and groundfish species, were distributed
close to the bottom on the Scotian Shelf:

(Fig. 4).
openi.ng Engel bottom trawl were effective in
capturing dogfish, thus indicating a wide
vertical distribution. Dogfish were found
offshore,in the deeper basins on the Shelf and
along the shelf edge in the area just south of
Cape Cod. Here, large concentrations of adults
were found in depths of 25 to 50 fms. in areas
where the water was still warm. Juveniles, were
found only along the edge of Georges Bank 1

almost separated geog r aphLcaLl.y from
the adults. They ranged in size from 28 to 46
em (mean of 37 em).
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This species has been found to move
south and offshore in the fall, to overwinter in
deeper waters where the temperature exceeds SoC
(Leim and Scott, 1966). This is in agreement
wi th the findings of the present cruise. It
does appear however that some portion of this
species may overwinter on the outer edges of the
Scotian Shelf west of Sable Island Bank. Those
fish present on Nantucket Shoals during November
will probably move offshore as the water
temperature decreases.

Thorny skate (Raja radiata) (Fig. 5).
All skates caught were lumped under one
classification, however the majority of catches
were comprised almost solely of thorny skate.
Catches were made mainly at stations located
over the shallow areas, particularly Emerald,
Western and Sable Island Banks. A similar
distribution was found by Scott (1976) during
summer cruises.

(Alosa aestivalis)
(Fig. 6). was found only over the
Nantucket Shoals except at a single location on
Georges Bank. Midwater hauls on the Scotian
Shelf revealed no blueback herring. The species
apparently only ranges further north during the
summer (Leim and Scott, 1966). Cooler waters on
the Scotian Shelf probably limit the
distribution of this more southern species. The
mean length of these fish was 24.3 em, with very
little variance.

Atlantic herring (Clupea harengus
harengus) (Fi.g. 7). Small numbers of herring
were taken on Nantucket Shoals. Only two sets
on the Scotian Shelf produced herring, both on
Sable Island Bank. Small schools of this
species on Sable Island Bank made a very
distinctive U-shaped trace on the sonar paper as
shown in the figure below. Such traces were seen
no where else. Large schools of herring also
display solid acoustical configurations (Stobo,
unpublished) but these were not observed during
this cruise.

(Alosa.pseudoharengus) (Fig.
8). This was taken in both bottom and
mi.dwater trawls and was common in the deeper
areas of the Scotian Shelf. It was found in an
average depth of 69 fms. The bulk of this
species apparently overwinters offshore then
moves into the coastal rivers in the spring to
spawn (Leim and Scott, 1966).



Atlantic (Argentine silus)
(Fig. 9). There appears little change in
distribution of this species during the year.
It was found mainly in slope waters or deep
basins from Browns Bank to Sable Island Bank
which is similar to the pattern found by Scott
(1976) during summer cruises. The largest
catches were made in depths greater than' 90
fms.; smaller individuals of this species tended
to be in shallower areas and geographically
separate from the larger fish. Scott (1971)
found that most argentines were caught in
100-150 fms. of water in the summer.

Cusk (Brosme brosme) (Fig. 10). This
is essentially a deep -water species which was
concentrated mainly along the shelf edge
southw~st of the Emerald Bank area. This
pattern suggests that they favour the deeper
(50-150 fms.), warmer waters. Scott (1976)
found a similar pattern during the summer cruise
suggesting little change in distribution during
the year.

Atlantic cod (Gadus morhua)
(Fig. 11). Cod were widespread over the Scotian
Shelf and Georges Bank and were found mainly on
the banks in fairly shallow water. This pattern
was similar to the summer distribution found by
Scott (1976). The winter distribution of the
Sable Island-Middle Bank stock and the
Browns-LaHave stocks identified by Kohler (1968)
appear to be quite similar to their summer
distributions. Previous investigations show
that cod migrations appear to be less extensive
on the Scotian Shelf than in the Gulf of St.
Lawrence or areas to the south (Leim and Scott,
1966). This species was not found in areas
where the water temperatures exceeded 10°C.
Catches were noticeably low in the two areas
where the Gulf Stream eddies intruded onto the
shelf .

(Fig. 12
over the Scot ian Shel f wi th
a large portion of the population concentrated
over Browns, LaHave, Emerald and Western Banks.
Fe,-] haddock however, were caught over the
shallowest areas including Sable Island Bank. A
portion of the population was found between the
Banks in the deeper areas showing a slightly
different pattern than the shallower summer
distribution shovm by Scott (1976). The present
data agree with that compiled by Leim and Scott
(1966) showing a movement to deep water by this
species during the winter. Temperature appears
to be quite important in determining
distribution, as this species was not found in
areas where the temperature was less than 7-SoC.
Juvenile fish with a mean length of 15 em were
found in large numbers and were intermixed with
the adults over the whole area~

Pollock (Fig. 13).
This was in the areas
between the banks with few catches in depths of
less than 50 fms. This pattern is very similar
to the summer pattern found Scott (1976).

3

Pollock from the Scotian Shelf have been found
to migrate south in the winter (Leim and Scott,
1966) but the present study suggests that an
appreciable portion can be found in the deeper
areas of the Scotian Shelf in December and
therefore may overwinter there. Most
individuals caught were large adults.

(Fig. 14)::~~-%~~r~~*~~~t*~~~~~
appears to be governed mainly by temperature.
On the Scotian Shelf, silver hake were located
mainly in the warmer waters between the banks,
at depths greater than 50 fms. However there
were substantial numbers of hake in the shallow
areas just south of Cape Cod where the water
temperature was still high (9°C). In this
area, they were intermixed in mi.dwater with
Atlantic herring, blueback herring, mackerel,
dogfish and but t e rf i.sh , The figure below shows
schools of silver hake 5 to 20 fms off bottom in
the Nantucket Shoals area, mixed with small
numbers of other species. These schools
probably moved offshore as the water temperature
dropped. In the summer, the Scotian Shelf fish
move onto the banks to spawn (Le im and Scott,
1966) .

Leng th frequencies of catches in
individual tows indicate extensive mixing of
fish greater than 10 cm in length throughout the
study area. Juveniles of about 5-10 cm in
length however were found only at stations south
of Browns Bank. The results of Hunt (1976a)
indicate some segregation by size groups,
however the present cruise gives little
indication of this except with respect to these
juveniles. Hunt also noted dense aggregations
in the winter and a discontinuity in
distribution at the Fundian Channel. This
discontinuity was not noticeable in the present
data.

A preliminary stomach content analysis
involving III silver hake from various parts of
the Scotian Shelf, Georges Bank and Nantucket
Shoals was conducted. Approximately 22% had
everted stomachs and though some food particles
adhered to the stomach wall, these specimens
were excluded from analysis. The remaining 87
stomachs (including 18 empty stomachs) were
analysed for percent representation by major
food items. The importance of each food item
was as follows: 49% contained the euphausid
species and

the shrimp



Pandalus sp., 13% contained juvenile silver hake
(this was an important part of the diet in
localized areas south of the Fundian Channel
where the juveniles were concentrated); 2%
contained small gadoid fish; 2% contained fish
scales and 2% contained amph l pods and
polychaetes. These results are similar to the
analysis of 103 stomachs conducted by J.S. Scott
and reported by Hunt (1976b).

White hake (Urophysis tenuis)
(Fig. 15). The distribution of this species in
November-December was similar to that found by
Scott (1976) during the summer cruises,
therefore, there is probably little or no
seasonal movement. Most white hake were caught
in areas between the banks and at the edge of
the Shelf in depths greater than 50 fms. Depth
appeared to be the main controlling factor in
distribution.

(Fig. two
areas of concentration. The Scotian Shelf
group, located from Browns Bank to Sable Island
along the Shelf edge is separated by much of
Georges Bank from the Cape Cod group located
over the Nantucket Shoals. A detailed analysis
of distribution and aspects of the biology of
this species are discussed in a later section.

Atlantic wolffish (Anarhichas lupus)
(Fig. 17). This species was distribute~the

shallow areas of the Scotian Shelf on Browns,
LaHave, Emerald and Western Banks. Depth
appears to be the main factor governing
distribution and there appears to be little
change from the summer distribution shown by
Scott (1976). Individuals ranged in size from
25 to 100 em.

(Fig. Cape
Cod only in the Nantucket Shoals area and along
the southern Georges Bank in a fairly wide range
of depths. Sonar traces, similar to that in the
figure below, showed that this species was near
bottom (10 to 15 fms.) in vast schools or
aggregations covering many square miles. Leim
and Scott (1966) state that butterfish schools

frequent shallow, sandy areas in the warm months
then move into deeper areas in the winter. This
species was probably just starting to move
offshore in November. Temperature appears to be
the controlling factor for this more southern
species.
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Redfish (Sebastes marinus) (Fig. 19).
This species was concentrated in the deep
basins, channels and along the contlnental
slope. Sonar traces of redflsh, similar to that
in the figure below, were common along the
slope 0 Redfish appear to stay in deep waters
where the temperatures are relatively

constant and show little seasonal movement. The
same distrlbution was observed during
November-December as that shown by Scott (1976)
for the summer. Juvenile redfish (mean length
of 10 em) were caught in large numbers along the
slope south of Browns Bank.

(Hemitripterus americanus)
(Fig. species was found only in small
numbers on the Banks in shallow' areas. Depth,
rather than temperature, probably effects the
distribution. Summer distribution as shown by
Scott (1976) is virtually the same as that found
during this crulse.

Longhorn Sculpin (Myoxocephalus
octodeclm spinosus) (Fig. 21). The distribution
of this species was similar to that of the sea
raven generally being found only in shallow
water. This species also shows Ilttle
dlfference between its summer and winter
distrlbution.

Witch (Glyptocephalus cynoglossus)
(Fig. 22)~ott (1976) showed that this
species is spread over a wide variety of depths
from the Laurentian Channel to the shoals of
Sable Island. In the present survey, it seemed
to be restricted mainly to the deeper areas off
the banks and along the slopes. No specimens
were caught southwest of Emerald Basin. This
species probably moves into the deeper areas in
the winter in response to cooler water
temperatures occurring on the banks during
wLn t e r

Plaice (Hippoglossoides platessoides)
(Fig. 23)~ice are also quite widely
distributed in the summer but are found in
greatest numbers over the banks in the area
northeast of Western Bank (Scott, 1976). A
similar pattern was observed during the
November-December cruise with only one haul of
those made west of Emerald Bank catching
plaice.
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were

(Fig. 29). This group of
in restricted areas or
the November-Dec6nber

round herring (Etrumeus
tyrannus), smooth
northern sea robin

at the northern limit
and Scott, 1966) in the

of the study area. llinerican
and

species was
in small
cruise.

range
southern portion
snipe eel
long tooth
two meso pelagic species
waters. The gear used could not reach the
depths inhabited by the bulk of these small,
deep-dwelling species however and the results
are not representative. Shad

~E!~~;~~:, longfin ~h~~a~k~e~~~r,~~i:l~~':**i~~

There is generally very little
information available to evaluate species
intermix problems in the Northwest Atlantic and
even less i.nformation on such intermixing during
the win t e r , Knowledge of seasonal overlap in
distribution is important in order to address
bycatch problems in a variety of international
and domestic fisheries. Figures 30-36 show the
relative proportions in the catches for a
variety of species which are commercially
important and under catch regulation. These
cases are those in which, in the opinion of the
authors, the intermix of two species could cause
potential bycatch problems.

SPECIES INTERMIX

The data indicate that there is
considerable distri.butional overlap between
mackerel, butterfish, and blueback herring in
the area just south of Cape Cod (Figs. 30 and
31). However, this situation probably only
lasts for short time in the early winter while
mackerel still in the inshore areas. The
overlap may not persist once the mackerel move
into deeper offshore Silver hake and
mackerel also overlap in this same area south of
Cape Cod (Fig. ), they were also caught in
the same hauls on the outer portion of the
Scotian Shelf. Due to the apparently small
quantities of mackerel on the Scotian Shelf
during winter, there would probably be only a
limited bycatch of mackerel in a winter fishery
in that In the Cape Cod area, the
offshore movement of mackerel after December
would probably limi.t the intermix si.tuation to
early winter south of Cape Cod.

of

caught in
depths. Its

(1976)
both summer and

Cape Cod to
that in

young squid
The average

7 cm, and they
the adults

were common from
squid cruise done

south of
time of year
Loligo (4-14

1976 data.

summer

(Fig. the
previous two flatfish species (Leim and Scott,
1966) and were found only in small numbers.
They were concentrated !~inly on Western,
Emerald, LaHave, Browns and Georges Banks. They
were not found in colder water of Sable
Island Bank and prefer areas
shallower than 60 fms.

(Fig.
small

On Scotian Shelf, but not south of
Cape Cod~ was some overlap between silver
hake, redfish, s and cod. The overlap
between silver and redfish (Fig. 33)
appears to be primarily in the deeper basins on
the inner portion of the Scotian Shelf; that
with argentine (Fig. 34) mainly in the deeper
areas of the north end of, and
between, Western LaHave Banks while the



overlap with cod (Fig. 35) appears to be more
widespread over the whole Shelf. There also
appears to be a considerable overlap between cod
and red fish (Fig. 36) in the basins of the
Scot ian Shel f , but relatively 11 t t l e overlap
with argentine. Since major cod and silver hake
fisheries occur on the Scotian Shelf, winter
bycatch problems could occur.

MACKEREL

Distribution

The mackerel caught off Nova Scotia in
November-December were concentrated along the
edge of the shelf from Brown I s Bank to Sable
Island. The depth of the bottom In areas where
they were caught varied considerably but the
average bottom deptb for the Scotian Shelf
mackerel catches was 62 t ms . Although no
general ground fish survey p rog r ams have heen
conducted durIng the winter, various specialized
cruises have been conducted d u r i ng the period
1958-1976. The catches of mackerel, during
these varIous winter cruises and the annual
summer ground fish cruises were summarIzed and
the results are given in Figure 37. None of
these cruises, considered separately are
representative of fish distribution on the
Scotian Shelf but the composite picture
indicates that mackerel are generally
concent rated along the edge of the she] I. du r I ng
winter (I'lg. 3711). Most of these cruises were
carried out in Fe hr ua ry or March, indicating
I l t t le change in d ls t r l hu t ton over the wInter
months when compared to the pr e s en t c ru I s e (see
Fig. ] Ii). However, durJ ng the summer ground fish
surveys, mackerel have been found over the whole
of the Scotian Shelf in both shallow inshore
areas and deep offshore areas (Fig. 37B).
During the i976 winter survey, relatively few
mackerel were caught In each tow on the Scotian
Shelf but the many tows that yielded mackerel
along the shelf edge indicated that they either
formed numerous small schools over a wide area
or they were not schooling at all but rather
were dispersed over a wide area. Mackerel were
normally caught in the bottom trawl and more
were caught In the midwater trawl when it was
towed c l o s e to the hot tom than when towed In
rn I dwa t e r , No d t f Ie r cnccs were ob s e rv ed In
vertical distribution between day and n!.ght
tows. These data suggest a near hat tom
existence during that time of year.

No mackerel were caught between Browns
Bank and the Great South Channel but large
concentrations were found inshore in the area
just south of Cape Cod. These concentrations
were found at a mean depth of 31, f ms . and formed
large midwarer schools.

Ha c ke r e l appear to avoid cooler waters
and temperature seems to be one of the
controlling factors determining their
d!.strlhutlons and movements. Although Scotian
Shel I. mackerel we r e found in a relatively wide
range of temperatures (~-12°C) with a mean of
9. JOC, over 92% of those "'HIght were I n areas

where the temperature exceeded 8°C. Cape Cod
mackerel were found in warmer waters (10-13°c)
with a mean temperature of il.2°C (Fig. 38).
The temperatures with which the mackerel are
associated in the two areas differ possibly
because on the Scotian Shelf overwIntering
temperatures have been reached while off Cape
Cod the water may not have cooled sufficiently
to cause movement Into the deeper offshore area.
Anderson and Almeida (i976) showed from the U.S.
spring surveys (March-May) that rnacke r e I from
Georges Bank south are found offshore during
late winter. If both sets of data are
representative of population distribution, they
suggest that the mackerel taken from the inshore
area near Cape Cod in November-December probably
move offshore as the water temperature in that
area drops.

Length/age analysis

Analysis of length frequencies of
mackerel from the various areas revealed a
geographical separation of year-classes. An
age-length key (Table i) for the Scotian Shelf
group was derived and applied to the length
frequencies of the Scotian Shelf animals
(Fig. 39) to show relative proportions of
ag e-rg ro ups . There were predomInantly age-group 0
(up to 21 em) and age-group I (up to 29 em)
an Ima l a present here. A comparison of catches
from the Sahle Ls l a nd area, the Emer a l d flank
.r r e a , and !lrownH !lank area Indicated lIttle
vn r ta t l o n In th Is pattern over the whole Scotian
Sheff (I'll',. IjO), although s am p l o s l z c» are very
small. The length frequencies of mackerel
caught during the winter research cruises in
this area (January-March, 1959-1976) are similar
to the present data (Fig. 39). The slightly
h l g he r mean length of the research cruise data
could be caused by size variation in different
years and by slight growth of the mackerel from
December to March. The f;, .g t h frequencies of
the mackerel from the Cape Cod area, howeve r ,
show a very different pattern (Fig. 39). No
animals less than 20.5 em were caught In this
area. An age-length key de r Ived from present
cruise data (Tahle 2) ap p l I ed to the length
frequencies showed that the first two
year-~l a a s e s of the Cape Cod f I s h we r o
c o ns t d e r ab l y d lf f e r e n t t n length from those of
the Scotian Shelf. The mean length of age-group
o Scotian Shelf fish (16.6 cm) was 6.j cm
shorter than those found off Cape Cod (22.9 em).
The age-group 1 animals (24.8 em) of the Scotian
Shelf were only 1.8 em smaller than those off
Cape Cod (26.6 cm) , showi ng remarkable
compensatory growth assuming the pattern is the
same every year. The age-group 2 animals were
almost the same length from both areas (Scotian
Shelf 29 ..6 ern and Cape Cod .- 30~ 7 em). It is
po s s t b Le then that the smaller age-group 0
animals found on the Scotian Shelf are those
that were spawnerl In the Gulf of St. Lawrence in
.Iune and part of July (Sette 19113; Arnold 1970).
The larger age-group 0 animals from Cape Carl are
prohably spawned in this area or south in April
and May (Sette 19/,3). Consequently, they would



have had two months longer to grow than the
northern group and would be expected to be
larger in November of their first year of life.
By the end of their second year, however, the
Gulf of St. Lawrence group (northern contingent)
appears to have compensated by growIng at a
higher rate.

A further breakdown of catches from
Cape Cod revealed that predominantly large
a nLrua l s (greater than 30 cm, age-groups 21-) were
schooling in 20-25 fms. of water over the
Nantucket Shoals while animals (22-30 cm,
age-groups 0 and 1) tended to school separately
just south of this area in 35-45 f ms. of water
(Fig. 41). Anderson and Almeida (1976) also
showed a distinct year-class schooling in the
population of mackerel overwintering offshore
but they did not find a distinct pattern in
inshore-offshore size class distribution as we
found off Cape Cod in November-December. It is
possible then that the younger fish (age-groups
o and 1) move offshore first in the late fall
and are then followed by the older year-classes
migrating to the overwintering area.

No mackerel less than 20.5 cm "In length
were found in the Cape Cod area; however, an
examination of length frequencies of winter
commercial catches from south of Georges Bank
for several years revealed substantial numbers
of individuals less than 20 cm (fork length).
This may Indicate that a portion of the Gulf of
St. Lawrence spa\med 0 and 1 age-groups
overwinter in the south as well as the Scotian
Shelf. AlternatIvely, this discrepancy may
Indicate that these wInter survey samples from
the Cape Cod area not representative of the
overwintering population In that area, or merely
illustrates year-to-year varIatIon in
length-at-age.
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mackerel gave the follow1ng relationsh1p:

otolIth length - 0.00514 fork length + 0.25756
r - 0.95

The high correlation associated with this
relationsh1p indicates that the total otolIth
radius is llnearly related to the fork length
and this r e La t Lonsb Lp occurs regardless of f Ls h
length or area from wh1ch it was taken.

In order to reduce the effect of
indIvidual growth varIatIon in the analysis, a
ratio of the radiI of age-group 0 to age-group 2
was used. The resultant dI s t r t b u t t on frequency
of ratios (Fig. 43) Lnd I ca t es a defin1te
b1morlality. S1nce the radIus for southern
cont1ngent age-group 0 fish 1s greater than that
for the northern co n t I ng e n t , while age-group 2
r ad t L are of sim1lar length, two modes should be
expected us1ng the above ratIo with the mode to
the right representing the southern conti nge n t .

This bImodality however, resulted from
samples Involving fish of several ages, and
detailed examinatIon of the data indIcated that
older fish tended to have a greater age-group
0/2 radii ratio. Thus the increase of this
rat 10 with age could at least have pa r t La I ly
caused the bImoda Lt t y in Fig. 43.
Unfortunately not enough specimens were t a ken
from the c ru Ls e to exam1ne each year-class
separately and thus determine year-class
affect.

These age-group 0 radIus d1fferences in
otol1th annuli appears to have Some value in
separating northern and southern contIngent
f I s h , However, before conc l us Lons can be drawn,
baseline data must first be obtained by
examining the otoliths of the two cont f.ngents
when they are geographically separate, during
tile ap.iwn l ns; s o a ao u , ann c om pa r Lao ns mu s t b e

made on a single ye a r r c l a s s ha s Ls ,

Length-weight relationship

An examination of total we1ght versus
fork length showed that there was no s1gnif icant
d1fference in various parts of the Scotian
Shelf. The equations of the relationshIps for
the three areas are:

Those an1mals caught off Cape Cod were
slIghtly longer than the ScotIan Shelf mackerel
for any gIven weIght (Fig. 44). The equations

With considerable size difference
exhIbIted between the age-group 0 northern and
southern contingents of mackerel, It Is possible
that there wou Id be a co r r es po nd l ng d1fference
in the size of the otol1ths at this age. If so,
then in older f tsh , the rad1us of the 0 r1ng in
the otol1ths of f1sh from the two components
should di fer, and this difference should
provIde a method for separating the cont1ngents
in areas where the two mIx ,

Ut Il Lz l ng s ampl.es from the Cape Cod
portion of the cruise, A total of 2RR mackerel
were llsed to teAt the feasl.h Lty of Bueh an
analysis. Measurements of the otolIth were
taken to obtain total o t o l I th radius, T (maxImum
distance from the nucleus to the posterior edge;
Fig. 42). Along t h l s line the rad tI for
age--groups () and 2 .mnu I f were 180 taken.

The ab Ilt t y to dl scriminate be t.weon
f Ish from the northern and southern cont ingents
by otolith Rnnuli can occur only if otolith
growth Is proport ional to growth In length.
Regression of T on fork length of the 288

Sable Island

Frner a ld Bank

Brown's Bank

where W - total weIght, L

w

0.00432L 3• 248

0.99

O.00498L3 . 2 15

0.98

0.99

fork length.



for these two lines are:

Scotian Shelf W

Cape Cod W

0.00379L3. 293

0.99

0.007')61.'3·082

euphausids were found almost strictly in the
stomachs of fish less than 19 em (age-group 0)
while the smaller amphipods gradually increased
in importance as the size of the fish increased.
Amphipods were found as a food item of fish in
all size categories.

The stage of maturity of the gonads are
presented in Fig. 4'). Stage I and II represent
the immature (virgin) condition while the
majority of fish with stage lIlt gonads have
spa~1ed at least once. Comparison of Figures 40
and 41 show that for both Scotian Shelf and Cape
Cod age-group 0 and 1 fish were mainly immature
while the older year-classes were VII and VIII.
The data show that the majority of mackerel
spawn for the first time in their third year as
has been Indicated previously (MacKay 1976).

Stomach contents

It became apparent thnt there was R

definite particle size selection in mackerel.
To illustrate t h I s , a relationship was first
derived between stomach content weight and
volume (voll1metrlc dIsplacement of water) using
the contents of 86 mackerel stomachs (Fig. 48).
The stomach contents were then converted to a
volume measure using the derived relationshIp
(volume 1.0268 weight t 0.0778, R2 = 0.99)
and the average particle size derived by
d Lvtd i ng the volume of the stomach contents by
the number of particles in that stomach. Next a
ratio of the average food particle size to the
size in length of the fish from which the
stomach was removed was calculated. This
produced a value of particle s i ze per unIt
length of flsh (cclt:::~) and the results were as
follows: ').04 x 10 for year-class 0
anImals; 2.14 x 10-4 year-class 1
animals; and 3.10 x for year-class
lL} animal". This shows that the year-class 0
animals select considerably larger sIze
particles per unit of body length (size) than do
the older year-ciasses. This could be a
mechanism by whIch mackerel can ut i 1 I ze a wider
varIety of food items in a restricted area.

As well, a preliminary study of the
stomach 'contents of 42 mackerel from the Cape
Cod area showed that co pe pods (mainly Calanus
sp.) were the dominant food item In this area,
with amphIpods (Parathemisto sp. and ia
sp.), euphausids-;-decapods, Limacina s p , ,
larvae, hyd ro z oan s , and possibly chaetognaths
making up the remainder of the diet.

There have been fl'v! studIes in the past
dealing with the diet of mackerel but Arnold
(1970) found that the larvae (5-20 mm) In the
Gulf of St. Lawrence ate, in order of
importance, copepods, cladocerans, fish larvae,
other crustaceans, and invertebrate eggs.
MacKay (1976) found that the older year-classes
in the Gulf ate smaller food particles,
consuming mainl y c o pe pod s , larval crustaceans,
fish eggs, and only a few euphausids and
shrimps. The results of Maurer and Bowma n
(1975), Bowman et a I . (1.976), and Haurer (1976)
for mackerel from the New England area are
sImilar to the findings of thIs report with
copepods, s p . e uphaus i d s , and amphipods
as the part the diet; however, stomach
contents were not analyzed with respect to size
or year-classes in these papers.

bulk of the rest
percent of the diet
amphipod
larvae
consisted

s p . the
the stomach contents, for
identification and 16% of the stomachs examined
were empty. age-group 1 animals the hyperid
amphipod s p . was the dominant food
item represent ng of the COlltent hy weIght,
with larval fish (includ
-,,-~:~'..'.,',,-':.,-:,:.~s.L representing rema tnd e r

of euphans l ds , decapods
~_~,,~.':."-'':'. s p , }', polychaetes (rna Ln l y Ne r e l s

na s p . and the octoj);;-H"--
~tit~~;~~-s·_p_·.·_-----~ fteen percent of the

contents Was unidentifiable. In animals
age-group 2 and older, the amphipod Parathemisto
s p . still dominated in the contents 7;t 62%, fish
larvae at 17% and the remainder consisted of
euphausids, copepods, and sp. Nineteen
percent of the content was fiable and
14% of stomachs were empty.

As expected, the weight of the stomach
content increased wi t h the size of the animal.
The smaJ.l a8e-group 0 animals tlad an average
stomach content we l gh t of O. ')82 ,the larger
aRe-group 1 had weight of 1. g, and
age-grollp lit had a weight of ).7/+) g.

The percent weight of each category of
food item In the stomachs examined was plotted
for each cent~meter sIze group of fIsh length
(Fig. 47). This diagram shows that the

Parasites

Nematode parasites from the stomachs of
the Scotian Shelf mackerel were counted and a
comparison of extensiveness of infection between
age-groups revealed that only 4.3% of the fish
were infected in age-group 0 while 86.1% and



7.1% were infected in age-group 1 and age-group
lIt respectively. The intensity of the
infection Was 0.2 worms per fish in age-group 0,
0.97 in age-group 1, and 0.36 in age-group Tl l-,
Only 14 age-group 11 t fish were examined and
this may be part of the reason why this group
had lower counts than age-group 1 fish. The
larval nematodes found in mackerel by Isakov
(1976) were identified as Anisakis sp. This is
prohably the same species encountered here.

Meristics

V('rt(~hrn(', pelvic lLna, find pl'clorlll

I Lna were roun t ed for bn th Sc()tfan ~~llf'lr lind
Cape Cod fLs h . The fin counts sho wr-d very
little v a r l a tLon and the vertebrae counts were
consistently 30. As in almost all scomhroids,
the meristic counts were not useful in
separating populations because of the low
variation in the me r I s t t cs of this family of
fish.

Acoustics

Acoustics for locating and quantifying
mackerel schools during the November-December
cruise proved to he of little use because of the
mixing of the mackerel with schools of other
species (Fig. 49). The mackerel tended to be
masked hy the' other spec les present and no
chn r ac t c r ts t I c mac ke r eI t r a c e WaR a p pa r en r,

During this time of yea r the mar-k ero l could
p r o b.ib l y be most easily located by lookf ni~ for
the s c hoo l a of b u t te r f I s h , b luo back ho r r Lnn ,
round herring, fwd s t l v c r hake with whl c h It
associates.

SUMMARY

It has been estahlished that a portion
of the mackerel population spawns in the Gulf of
St. Lawrence following a migratIon from the more
southerly offshore wl n t c r Lng grounds. A few
mackerel we r e thought to remain on the ScotIan
Shelf (Sette 1950; Moores et al. 1975) rather
than migrat Lng further south to Georges Bank and
the area south of Cape Cod. Previously, there
was almost no data av a Ll.ab l.e as to the
distribution or hiology of the mackerel that
mlght have stayed in the Scotian Shelf area.
This report shows that a portion of age-groupH 0
and 1. mackerel in fact do stay 011 t he S(~otian

Shelf, s p l l t t lng off from the southward
migrating group and overwlntering in the deep,
wa rm water of the shelf edge. They then return
inshore and Into the Cu l f of St. Lawrence in the
spring.

This preliminary Investigation sheds
some light on a perIod of the mackerel life
history but much more work is needed to
understand the total biology of this species.
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Fig. 1. Chart of the Scotian Shelf and Georges Bank showing; (A) depth contours;
and (B) stations sampled, Nov. - Dec, 1976.
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Fig. 3. Contour maps of the area sampled showing (A) temperature at gear; and
(B) bottom temperature.
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Fig. 4. Chart of the sample area showing the distribution of: Spiny dogfish (Squalus
acanthias). The open circles indicate set locations where only juveniles
were caught and refer to the numbers/mile of tow; the actual number of
juveniles caught is indicated for one set in which the catch exceeded the
designated categories.
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Fig,S. Chart of the sample area showing the distribution of thorny skate
(Raja radiata).
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Fig. 6. Chart of the sample area showing the distribution of blueback herring,
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Fig. 7. Chart of the sample area showing the distribution of Atlantic herring,
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Fig. 8. Chart of the sample area showing the distribution of gaspereau.
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Fig. 9. Chart of the sample area showing the distribution of argentine, The actual
number of argentine caught is indicated for one set in which the catch ex
ceeded the designated categories.
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Fig. 10. Chart of the sample area showing the distribution of cusk.
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Fig. 11. Chart of the sample area showing the distribution of cod.
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Haddock
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Fig. 12. Chart of the sample area showing the distribution of haddock.
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Fig. 13. Chart of the sample area showing the distribution of pollock.
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Silver Hake

Fig, 14. Chart of sample area showing the distribution of silver hake.
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Fig, 15. Chart of sample area showing dLs.tr Lbut Lon of white hake.
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Fig, 16. Chart of sample area showing distribution of Atlantic mackerel.
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Fig. 17. Chart of sample area showing distribution of wolffish.
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Fig. 18. Chart of sample area showing distribution of butterfish. The actual
number of butterfish caught is indicated for one set in which the
catch exceeded the designated categories.
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Fig. 19. Chart of sample area showing the distribution of redfish.
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Fig. 20. Chart of sample area showing the distribution of sea raven.
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Fig, 21. Chart of sample area showing distribution of longhorn sculpin,
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Fig. 22. Chart of sample area showing distribution of witch.
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Fig. 23. Chart of sample area showing distribution of American plaice.
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Fig. 24. Chart of sample area showing distribution of halibut. The actual
number of halibut caught is indicated for one set in which the
catch exceeded the designated categories.

Yellowtail
No. I Mi Ie of Tow

o - 0 - I
• - I - 10

• - 10 - 50

.-50-200

44'

Maine

70' 68'

·····-IOOmeters
------200 meters

66' 64' 62' 60'

Fig. 25. Chart' of sample area showing distribution of yellowtail.
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Occurence Of
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Fig. 26. Chart of sample area showing di.s t r Lbut Lon of other flatfish which
occurred irregularly.
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Fig. 27. Chart of sample area showing distribution of monkfish.
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Fig. 28. Chart of sample area showing distribution of squid (Loligo and
Illex).
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Fig. 29. Chart of sample area showing occurrence of other species in the catch.
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Fig. 30. Chart of the sample area showing the relative proportions of mackerel
and butterfish in the catch.
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Fig. 31. Chart of the sample area showing the relative proportions of mackerel
and blueback herring in the catch.
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Fig. 32. Chart of the sample area showing the relative proportions of silver
hake and mackerel in the catch.
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Fig. 33. Chart of the sample area showing the relative proportions of silver
hake and redfish in the catch.
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• - Silver Hake

o -Argentine

Fig. 34. Chart of the sample area showing the relative proportions of silver hake
and argentine in the catch.
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Fig. 35. Chart of the sample area showing the relative proportions of cod and
silver hake in the catch.
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Fig, 36, Chart of the sample area showing the relative proportions of cod
and redfish in the catch.
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Fig, 37. Chart of the Scotian Shelf showing: (A) the winter distribution;
and (]) the summer distribution of mackerel from past research
cruises (1958-1976).
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Fig. 38. Percent frequency of mackerel on the Scotian Shelf and Cape Cod showing
temperature at which these animals were found.
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Fig. 39. Length-frequency histograms of mackerel from Cape Cod and the Scotian
shelf (present cruise and research cruises, 1959-76). The different
age groups (yearclassl as derived from age-length keys shaded
differently.
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Fig. 41. Length-frequency histograms of mackerel from Cape Cod, inshore (upper
diagram) and offshore (lower diagram).
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Otol i th

Fig. 42. Diagram of a mackerel otolith showing the various rings and measurements
taken.
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Fig. 43. Percent fre4uency of the otolith 0/2 length of mackerel. Dotted line
represents the modes expected for the two population contingents,
drawn by eye.
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Fig. 44. The relationship between fork length and weight of mackerel.
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Fig. 45. Length frequencies showing gonad maturity for: Scotian Shelf mackerel
(~pper diagram} and Cape Cod mackerel (lower diagram). The different
maturity groups by length are indicated (stage I - open, stage II - hatched,
Stages III, VII, VIII - black.)
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Fig. 48. The relationship between weight and volume of stomach content in
mackerel.

Fig. 49. Sonar traces showing mixed schools of: (A) mackerel with round herring and butterfish;
(B) mackerel and blueback herring; and (C) mackerel and silver hake.
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fable 1. Age-length key for mackerel caught on the Scotian Shelf,
November-December, 1976

13
13.5
14
14.5 4 4
15 9 9
15.5 22 22
16 16 16
16.5 10 10
17 14 14
17.5 7 7
18 2 2
18.5 5 5
19 2 2
19.5 2 2
20
20.5
2-1
21. 5
22
22.5 1 1
23 13 13
23.5 15 15
24 18 18
24.5 18 18
25 16 16
25.5 10 10
26 7 7
26.5 7 7
27 4 4
27.5
28 2 1 3
28.5 1 1 2
29 1 1 2
29.5 2 2
30 1
30.5 1
31
31. 5 2
32 1
32.5
33 2
33.5
34 3 3
34.5
35
35.5
36
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Table 2. Age-length key for mackerel caught in the Cape Cod area,
November-December, 1976

ze
Class 0 2 3 4 5 6 7 8 9 10+ Total

20.5 1 1
21 1 1
21. 5 7 7
22 35 35
22.5 97 1 98
23 100 3 103
23.5 47 3 50
24 5 3 8
24.5 1 4 5
25 10 10
25.5 16 17
26 15 15
26.5 26 2 28
27 21 2 24
27.5 13 4 17
28 5 3 8
28.5 7 9 16
29 3 12 15
29.5 2 18 20
30 25 25
30.5 2 26 28
31 15 4 19
31. 5 15 8 23
32 11 10 21
32.5 14 4 18
33 8 7 2 17
33.5 7 6 1 14
34 4 4 3 11
34.5 2 4 2 8
35 1 4 5
35.5 2 1 4
36 3 5 2 12
36.5 1 2 2 5
37 2 6 2 11
37,5 2 6 2 3 15
38 2 2 3 1 1 9
38.5 1 1 3
39
39.5
40
40.5 3 3

Tota1 297 134 177 49 19 12 19 7 4 4 3 732

,%, Total 40.6 18.3 24.2 r -, ') C 1 C ') c:. 1.0 0.6 0.6 1.4o , I L.U I.U L.U_.__.


