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Biology and Fishery of the West Newfoundland Cod Stock

BY M. WILES!'? AND A. W. MAY'

Abstract

Biology of the West Newfoundland eod stock, hased
on sampling from 1947 to 1966, is described in relation to
ehanges in fishing. Where practieal, Divisions 4R and 48
are considered separately. Catches inecreased since the
early 1950°s in Division 48, but fluctuated irregularly
in Division 4R.

Research vessel samples exhibit a decline in relative

numbers of old and large fish since the early 1950's. This
is also refleeted in commerecial size and age distributions
and in increased estimates of total mortality from the
various gears. Average size at age has recently increased,
particularly in the older age-groups. These ehanges in
growth eould have resulted from a eombination of in-
creased fishing and hydrographic warming. Size and age
at maturity, weight-length and girth-length relationships
are deseribed. Evidence supporting the validity of the
otolith method of age determination is presented.
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Introduction

The “West Newfoundland™ ecod stock is re-
strieted within the geographical boundaries shown
in Mg. 1. Distribution varies with the scason
(Templeman, 1962). Tageing returns (Temple-
man and Fleming, 1962) and seasonal changes in
the cod fisheries of the Quebee North Shore and
the west and southwest coasts of Newfoundland
indicate that in summer distribution is mainly in
the northern and northeastern Gulf of St. Law-
rence, but in winter and early spring is predom-
inantly  around southwestern Newfoundland
(Templeman, 196:2). In summer, the western
Newfoundland and Quebee North Shore-Anti-
cogtl fish arc to some extent separated by the
Esquiman Channel into at icast two populations.
hut these intermingle while wintering off south-

western  Newfoundland {Templeman, 1962},
Cod along the northern shore of the Strait of Belle
Isle form parl of the West Newfoundland stock
and are little mixed with eod from the more
northerly Labrador coast.  Although the range
of movements of Straits cod into the northern
and northeastern Gulf of St. Lawrence is incom-
pletely known, it is likely that most of the Straits
population winters off southwestern Newfound-
land.

This study presents data relating to the bi-
ology of cod in the northeastern Gulf from col-
lections made by the St. John's Biologieal Station
of the Fisheries Rescarch Board of Canada during
1947-66. Recent trends in the fishery are analyz-
ed in detail and related to changes in age, size
compogition, growth, and mortality of the stock.

65° o
520 . : 1 , : 52
[~
] 4rs coo sTock
"=~ COASTIL.INE
—i— 30 FATH.
. It — 100 FATH,
50° 50°
48° 48°

Fig. 1o Distribution of the West Newfoundland eod stock fadapted from Tenipleman, 1062
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The Fishery

Introduction

The extensive migrations in this area support
a winter to carly spring fishery off southwestern
Newfoundland (Division 3Pn) and a summer
fishery along the Newfoundland west coast (Divi-
gion 4R). northern shore of the Strait of Belle Isle
(Division 4R} and the Quebec North Shore
(Division 48). In summer, the partially separ-
ated populations are in esscnee confined to v,
4R and 45, lyving to the east and west of the Esqui-
man Channel respectively.  The summer fisheries
based on these two populations are thus best
treated separately and in relalion to statisties
for Div. 4R and 48. The offshore and inshore
fisherics are also considered separately.

The cod fisheries along the west eoast of
Newfoundland, the Quebee North Shore, and the
northern shore Strait of Belle Isle were tradi-
tionally based on inshore gears and, to a lesser
extent, offshore hine fishing from Canadian dory
vegsels on parts of the Quebee North Shore. How-
eover, in Div. 4R and 48 annual catehes by inshore
hoats (less than 256 tons) have tended to deeline
in reeent years and the dory vessels ceased oper-
ations in 1959, ‘Whereas the Quebee North
Shore and Strait of Belle Isle are traditionally
cod fishing regions, on the Newfoundland west
coast lobsters are of more importance and many
fishermen begin fishing for cod only at the end of
the lobhster seagson. Thus the northeastern Gulf
of St. Lawrence is not generally regarded as a good
cod fishing area and despite reeent inercases in
otter trawl fishing, eatches have not been large
in comparison {o those in most other ICNAF
Divisions around Newfoundland.

The earlicst otter trawl exploitation of cod
was probably by France and Portugal in 1954,
and sinee that time France, and to a lesser extent
Portugal and Spain, have fished for ecod more or
less regularly.  Catches by these countries have
gradually inecreased sinee 1934 and accounted for
about half the eod landed in Div, 411 and 48 dur-
ing this period. Tt is difficult to estimate the
extent to which inereased otter trawl catches of
cod in Div. 4RS are due to the redfish fishery
which has expanded dramatieally in the area since
1954 (Templeman, 19593, but it is probable {hat
almost all effort by Canada, USA, and Now-
foundland was directed towards redfish rather
than eod.

Trends in landings 1953-65

Statistics for Div. 3Pn are available only
sinee 1959. Landings rose from 7,000 tons in
1959 to a peak of 38,000 tons in 1961, declining
to 17.000 tons in 1965. The fishery depends
mainly on the winter and early spring conecentra-
tions. Beecause of the short data series and
present uncertainty as to the degree of mixing of
West Newfoundland and Burgeo Bank (Div.
3Pg) stocks (Templeman, 1962), no detailed
analysis of the 3Pn fishery is presented here.

The total and trawler cod landings, in metric
tong round fresh weight for 1953-65, are given by
countries for Divisions 4R and 48 in Table 1.
Offshore catches of all countries were taken by
olter trawlers, except for very small amounts
taken by Portuguese and Spanish dory vessels
using line gears, and some caught by Canadian
dory vessels during 1953 59,  These dory vessel
landings were combined in Fig, 2 which shows the
percentage contribution to the total cod landings
of the major gear components during two periods,
1953 59 and 1960-85.

Diaviston 4R, From 1953 to 1965 total cod
landings fluctuated irregularly around a mean of
about 50,000 tons (Fig. 5). Annual variations in
catehes were largely due o fluetuations in otter
trawl catehes {Table 1), These reflected varying
otter traw! cffort, particularly by Franee and
Portugal (see below).

The mean annual cateh by olter {rawlers
for 1953-656 was about 25,000 tons and during
this time otter trawlers accounted for, on the
average, about half of the total catches of cod in
Div. 4R. Most of the trawl caught cod was taken
by France and Portugal, with small amounts by
Spain and Canada {Mainland). Offshore catches
by other countries were very small. Almost all
the remaining cod was caught by Newfoundland
inshore fishermen (419 of the total during 1953-
65).  About 19 of the ecatches were taken by
Canadian Danish Seiners fishing for greysole,
Glyptocephalies  cynoglossus, and Portuguese or
Spanish dories fishing for cod. Canadian (Main-
land) dory vessel catehes averaged 79, of the
total for 1956-59, but this fishery ceased after
1959.

Sinee TCNAF statisties were published by
Subareas rather than by Divisions prior to 19563,
the vear in which otler {rawhng siarted in Div.
4R 15 not known with certainty. The different
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DIVISION 4R
¥ 0'5%
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Fie. 2. Average percentage composition of cod catehes by gear components in Divisions 4R and 48
during 1953-59 and 1960-65. The average annnal cateh in metrie tons during each period
i5 given below the eircles,

fishing countries probably did not instigate otter
trawling at exactly the same time, but before
1053 catches were negligible. The available
data show that cod were taken on redfish trips
by Canada {(Mainland) and Newfoundland in
1953, on eod trips by Portugal and France in
1954, and on cod trips by Spain in 1955.

Division 48. Total catches of cod In Div.
45 have remained at a low level relative to catches
in Div. 4R (Table 1). From 1953 to 1958 total
catehes varied around a mean annual level of
5,300 tons. During 1959-65 catches were some-
what higher than previously and averaged 12,800
tons annually. The highest yearly cateh was
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taken in 1960 (16,500 tons), but catehes subse-
quently declined to 8,400 tons in 1965,

Catches by the different countries fishing in
Div. 48 are given in Table 1. From 1953 to 1965
Canada (Mainland) accounted for 96, of the
total catch. The remaining amount was shared
by PPoriugal, France, Spain, and Newfoundland.
About 579 of the Portuguese eatches were taken
by otter trawl and the remainder by dory vessels,
whereas 957, of the Spanish catches and all of the
Freneh eatehes were taken by otlter trawlers.
Roughly 709 of Newfoundland catches in Div.
45 were by otter trawl, the remainder being caught
by small longliners. For Canada (Mainland)
74 was caught by inshore Quebec fishermen and
269 by trawlers,

('atehes by otter trawlers were neghgible
before 1955 and from 1955 to 1959 averaged only
380 tons per annum., In 1960 a peak catch of
9,300 tons was made butl sinee then catches have
levelled off to about 4,000 tons annually.

Otter trawl fishing in Div. 43 apparently
started in 1954 when 36 tons were caught by
Canadian vesscls. FEuropean catches were first
reported in 1955 but the fishery has operated at a
very low level (Table 1), Canadian otter trawl
catches (Maritimes, Quebee, and Newfoundland),
which commenced in 1954, remained steady
around 235 tons per annum until 1960 when a
relatively high cateh of about 8900 tons was
made,  Since 1960 however, eatches have gradu-
ally declined and were around 3,000 tons in 1965.
As in Div. 4R, the extentl to which offshore cod
eatches have been incidental to redfish catches
is not precisely known, particularly during the
1950’s, but 1t is likely that at least up to 196¢
offshore effort was concerned primarily with red-
fish. The available evidence in ICNAF Statisti-
cal Bulleting suggests that, since 1960, only 25¢;
of trips made by Canada (Mainland) were pri-
marily for cod,
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| '— —
o
= —
0 1 1 1 1 1 1 1 | H 1 1 A i, 1 1 1
0 l 2 3 4
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Fig. 3. Relation of cod catehes per hour fished (averaged on a semi-annual basis) by

Spanish otter trawlers and the corresponding catehes per hour of Portuguese otter
trawlers in Division 4R, 1954-65.
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Trends in otter-trawl effort and catch
per effort

When considering changes in catches in a
fishery it is necessary o distinguish the coffects of
changes in lhe amounts of effort from cffects of
changes in calch per unit effort. In this paper
the methods used to analyze trends sn effort and
cateh per unit effort (C7E) are similar lo those
used by Hodder (1965).

Among the different nations reporting effort
in hours fished, Portugal fished most consistently
and most heavily during 1954 65. Henee the
Portuguese ofter trawler hour was scleeted as the
standard unit of effort. In a few half-yvearly
periods no Portuguese effort was expended and
Lo fill these gaps cateh and ceffort data for Spanish
trawlers were used after conversion of Spanish
effort to the standard Portugucse oller trawler
hour. For Division 413, this conversion was
effected by comparing graphically half-yearly

values of C/E for Spain with corresponding half-
vearly wvalues for Portugal. A line fitted by
eve to the data points, and passing (hrough the
origin, gave a slope of 0.9 (Fig. 3). In Div. 48
there were so few Spanish data that these were
simply combined wilth corresponding Portuguese
half-yvearly cateh and effort data. In Div, 4R
and 45 there were no eatches by Portugal or Spain
in a few hall-vearly periods. Since Canada
(Mainland) had catches in these periods, these
effort data were used after conversion lo the
standard Portugucse hour for the appropriate
half-vearly periods. The conversion factors were
caleulated by comparing Canadian cateh per unit
effort values with Portuguese-Spanish values in
those periods when ecatches were made by all
three countries (Fig. 4). The slope of the lne
was 0.1 1n 4R and 0.08 in 45, Trawl catches and
offort for Spain, Portugal, and Canada (Main-
land) were next combined for Div. 4R after ad-
justing Spanish cffort by 0.9 and Canadian effort

0'8 '_T e S I "[7"' - - 17’ o _l T 1
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o6l | i
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Relation of end catehes per hour fished (averaged on a semi-annual basis: by Canadian (Maimnland:

otter trawlers and the corresponding catehes per hour of Portuguese and Spanish otter {rawlers i
Divisions 413 and 48, 105445,
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by 0.1; in Div, 48, Spanish effort was used with-
out econversion but Canadian effort was adjusted
by 0.08. The average standard eatch per hour
(C/H) in cach half-yearly period from 1954 to
1965 was then caleulated by dividing the combin-
ed catches of Spain, Portugal, and Canada by the
adjusied coffort. Effort for cod by all trawlers
in cach period was derived by dividing the total
semi-annual trawler catches by the standard C/E
value for that 6-month period.

Ivivision 4K. Total cod catehes from 1954
to 1965 fluetuated irregularly on an annual basis
from g low of 17,000 tons in 1953 to a record high
of 72,000 tons in 1958 (Fig, 5). The variations
were largely due to changes in both otter trawl
catches, which were at a low of 45 tous in 1953
and reached peaks at 49,000 tons in 1958 and 1960,
and otter trawl effort which was only 8,000 hr
in 1953 but reached high levels of 29,000 and
23,000 hr in 1958 and 1960 respectively. Catch
per hour declined from 2 tons in 1954 to 1.7

BIOLOGY AND FISHERY OF THE WEST NEWFOUNDLAND COD STOCK 13

tons in 1958 but inereased during 1959-65 to an
average of 2.5 tons.

On a semi-annual basis (Fig. 5}, most of the
cod were caught in the first half of the vears 1954 -
65. Tor 195458 C/E wvalues for January—June
declined from 2.3 to 1.7 tons per hour but from
1959 to 1965 rose to about 3 tons, On the other
hand, in the second half of these vears, 1954--38
C/E wvalues increased from 0.1 1o 1.4 tons but
during 1959-65 declined from about 2.5 tons in
1959-61 to about 1 ton in 1964-65. Trawler
effort remained relatively stable in both semi-
annual periods, with isolated Increases during
January—June of 1958, 1960, and 1964 producing
increased catehes in the first hulves of these years.

Division 48, Total ecatches of cod rose
steadily from about 3,000 tons in 1954 teo 10,000
tons in 1959 mostly as a result of increasing
catches in the inshore cod fishery (Fig. 6). In
1960, relatively high otter trawler catches of about
9,000 tons contributed largely to a high total
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Fig. 6.

Trends in catches, offort and catches per unit effort by trawlers in Division 45, annually and semi-annually,
195465,
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cateh of 16,500 tons., During 1961-65 a decline
in total catehes occurred, due to decreascs in both
inshore and trawler catches. However, since
trawler effort steadily increased during 1956-65
from less than 1,000 hr in 1954-55 to 4,500 hr
in 1965, the standard trawler C/E increased from
1954 10 1960 but declined from 1960 to 1965.

Most trawler effort was expended from July
to December resulting in larger eatehes for this
half of each year. Variations in annuwal C/E
values were thus mainly due to semi-annual
fluetuations in eatehes per hour during the seecond
half of each year. Values of semi-annual C/E
for this period rose from 0.25 to 0.5 tons per hour
during 1954-59, reached a peak of 2.7 tons in
1960 and gradually declined 1o about 0.6 tons by
1965. Changes in C/E for the first halves of the
yvears 1954-65 were Irregular, with isolated high
values in 1955 and 1958, but they remained rela-
tively high after 1960.

The inshore fisheries

In Div. 4R, the inshore cod fishery is earried
on exclusively by Newfoundland fishermen, and
in Div. 43 by Quebee fishermen. In both areas a
variety of gear is used including cod traps, jiggers,
handlincs, longlines, and gillnets, so that an esti-
mate of effort in terms of the amounts of gear
used is very difficult to obtain. The best avail-
able indicator of relative annual effort is the
number of inshore cod fishermen. In Newfound-
land, at least, changes in numbers of men does
not necessarily result in corresponding changes in
total fishing effort in terms of amounts of gear
used (Templeman, 1966) but even so such data
are of value in indicating trends if a sufficient
number of years are considered. In Newfound-
land, the Canada Department of Fisheries has
obtained estimates of numbers of inshore cod
fishermen (on hoats of 25 tons or less), by settle-
ment, for a number of wyears. For Quebec,
numbers of inshore groundfish fishermen are
available annually by district in the Dominion
Bureau of Statistics, Indusiry Division publica-
tion *‘Fisheries Statistics—Quebec”. The Quebec
“groundfish’ fishermen fish essentially for cod
in those distriets within Div. 45 (Bérubé, per-
sonal eommunication), and landings of species
other than cod are relatively small.

Division 4. The trends in ecatch, number
of men and catch per man for the inshore cod
fishery in Div. 4R (1956-65) and Div. 48 (1953—

64) are shown in Fig. 7. In Div. 4R, catches
were relatively steady, averaging around 20.000
tons per annum with a minimum of 15,000 tons
n 1956 and 1961 and a maximum of 26,000-
27,000 tons in 1959 and 1963. The number of
men inereased from 1,512 in 1956 to 2,810 in 1965.
Since inshore catches did not gencrally increase,
catch per man deelined from 10.1 tons per man
in 1956 to 5.9 tons in 1965,

Divigion 45. Inshore cod landings fluetu-
ated irregularly in Div. 48 during 1953-64 aver-
aging 6,300 tons per annum. There was a de-
cline of about 2.8% per annum in the number of
fishermen, which resulted in the loss of about 300
men from 1953 to 1964. Thus catch per man has
iended to vary erratieally with a period of de-
cline from 1953 to 1956, followed by an inerease
from 1956 10 1961 and a decline from 1961 to 1964.
The recent decline in C/F is a marked one. since
annual values fell from about 13 tons per man in
1961 to 7.3 tons in 1964.

Standardization of total effort

In order to analyze the data for Div. 4R
and 48 with a view to assessing the combined
effort of the major gears, it was necessary to com-
bine catch and effort data for trawlers of the dif-
ferent countries with that from the inshore figh-
ery. This was done by first graphically eompar-
ing annual values of eatch per man with the eor-
responding standard C/E for all trawlers as cal-
culated previously (Fig. 5 and 6). Lines fitted
to the data and passing through the origins gave
conversion factors of 3.9 and 6.9 in Div. 4R and
48 respectively (Fig. 8). The effort data {(num-
ber of fishermen) for the inshore fisheries in each
area were then adjusted by the appropriate
factor and added to eorresponding cstimates of
effort by trawlers to give an estimate of total
effort in standard otter trawler hours for the
whole fishery in each division. Figure 9 shows
the trends in total cod landings, estimated stand-
ardized effort, and resultant standard C/E values,
all relative to standard trawler effort units.

In Div. 4R, ecatches varied irregularly around
a mean level of about 51,000 tons largely as a re-
sult of corresponding fluetnations in total cffort
which averaged about 22,500 standard otter
trawler hours per vear. As a result standard
annual C/E values showed no definable trend,
averaging 2.3 tons per otter trawler hour.
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[ 2 3
ESTIMATED CATCH PER HOUR ALL TRAWLERS

Relation of annual eateh per inshore fisherman and the eorresponding cateh per
hour {averaged on an annual basis) by all trawlers in Divisions 4R and 48 during
1954-65.



WILES AND MAY: BIOLOGY AND FISIHERY OF THE WEST NEWFOUNDLAND COD STOCK

COD CATCHES ('000 TONS)

TOTAL EFFORT (‘000 HOURS)

CATCH PER HOUR

Fig. 4,

80

70

60

50

e
o

30

20

36

28

20

P I I N

1 S I T N S ST NN T N

1954

Trends in total catehes, effort, and catehes per unit effort in standard irawler
umts for the cod lishery in Division 4R during 1956-65 and in Division 48

'66 1954 56 's& 60 62 64

during 1933-64.

'66

17



18 ICNAY¥ RESEARCH BULLETIN NUMBER 5, 1968

In Div. 48, catches rose from about 4,500
tons in 1953-56 to a peak of about 16,500 tons
in 1960 but declined during 1961-64 to around
10,000 tons in 1964, The overall trend in catches
was upward whereas cffort increased only margin-
ally over the period, averaging about 8,000 otter
trawl hours per vear. C/E values followed the
trend in total landings, dechning from 0.9 to 0.3
tons per hour during 195356, doubling from 0.9
to 1.8 tons during 1957-61 and then declining to
about 1 ton per hour by 1964, The mean C/E
in Div. 4R from 1956 to 1965 was 2.26 tons per
hour compared with 1.08 tons in Div. 45 during
1953-64.

Length and Age Composition
of Catches

The trawl fishery

Length and age compositions of samples of
commercial cateches are published annually in
ICNAF Sampling Yearbooks. Both length and
age frequency data are available from 1956 to
1966 for Div. 4R, but ounly length data for Div.
48. For both divisions monthly length fre-
quencies of the different countries were generally
gimilar within any 1 year. Since in Div, 4R,
no one country reported trawler data each year
during 1956-64, data [rom different months and
countries were eomhined on a yearly basis to pro-
vide a suitably long series. In Div. 48, Canada
(Maritimes) and Canada (Quebec) provided
frequencics for certain months in each year from
1960 to 1964 and these also were combined on an
annual basis. Portuguese dala for 1956 were
included to extend the series.

Before monthly {frequencies of any one
comtry were eombined for each year, their per
mille figures were converted to actual numbers
and then adjusted proportionately according to
the ratio between that country’s monthly landing
and the smallest monthly landing by any country
for which a frequency was given. The adjusted
numbers of all countries were then totalled on an
annual basis and totalled adjusted numbers con-
verted to per mille figures to produee composite
annual length frequencies. Age frequencics were
fewer in number; Portuguese data for 1956-58
were combined for each year after conversion of
per mille frequeneies to actual numbers aged,
addition of these numbers and final ecalculation
of a eomposite per mille distribution. Figure 10
shows the adjusted length frequencies of trawler
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Fig. 10. Trends in length eomnposition of cod eaught by
otter trawlers in Division 4R during 1856 -64
and Division 48 in 1956 and 1960-64. The
vertical hroken line for 4R represents the aver-
age mode In 1956-60 and that for 48 the mode

in 1956,

cod catches based on Portuguese, Spanish, Can-
adian (Mainland), and French data of 1956-64
for Div. 4R, and, for Div. 48, Canadian (Main-
land) data of 1960-64 and Portuguese data of
1956.

These data show that in Div. 4R length com-
positions werc similar during 195660, having
modes at 61 e¢m and the majority of fish within
the range 45-65 em. Howcever, there is an indi-
cation that larger fish became less plentiful over
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this period. After 1960 the fish were grouped
around a mode of 52-55 em and the trend for
comparative scarcity of larger fish continued.
This is indicated more clearly in composite length
frequencies for 1956-60 and 1961-64 (Fig. 11 A).

In Div. 48 a difference is evident between the
length composition for 1056, having a mode at
58 em and a large proportion of fish between 50
and 88 cm. and those for 1960-64 which have
modes of 48-55 em and a smaller range of pre-
dominant sizes (4565 em). The greatest redue-
tion is apparent in the larger size groups over
about 65 em. To illustrate this trend a compo-
site frequency for 1960-64 i1s compared with that
for 1956 in Fig. 11 A.

%

aoF DIVISION 4R DIVISION 4S5 qA
F—I196]l —64 960~ 64 —— 1
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Fig. 11. (A) Comparison of length compositions of cod
eaught by otter trawlers, averaged for 1956-60
and 1961--64 in Division 4R and 1956 and 1960-
64 in Division 48, (B) Trends in age com-
position of eod eaught by otter trawlers in
Division 4R by Portugal in 1956-58 and France
in 1961.

Division 4R age frequencies for Portugal in
1956-58 and for Portugal and Franee in 1961
{(Fig. 11B) indicate that during 1956-58 there
was a reduetion of fish aged 12 and above followed
by a reduetion of 9-to 11-year-old cod after 1958.
Portuguese data also demonsirate a progressive
drop in the dominant age-group from 8 years in
1956 to 5 years in 1961. The differences in age
compositions of catches by Portugal and France
in 1961 may be due to differences in mesh sizes
(114 and 120 mm respectively), but data by hoth
countries are ineluded to emphasize the low pro-
portion of fish aged 9 and above in this year.
However, the actual decline in older fish is proba-
bly not as great as indicated in Fig. 11B. An
unusually large 1955 year-class appeared in most
arcas of the Northwest Atlantie, resulting in rela-
tively large numbers of 6-year-olds in 1961. Since
the age distributions are plotted from per mille
values, the effect of a strong year-class is to re-
duce the proportion of older fish.

The inshore fishery

In Div. 48 a sufficiently long series of length
or age composition data on inshore catches is not
available, so that reliable conclusions on trends
cannot be drawn. In Div. 4R regular sampling of
cod trap catches has been carried out sinee 1962
by the St. John's Biological Station, but only
along the northern shore of Belle Isle Strait. Age
and length frequency compositions of cod trap
landings from 1962 to 1966 arc considered later
(Fig. 16), but ean bhe mentioned at this point.
These data show that the trap fishery is dependent
on 4-year-old cod with a mean length of about
40 em. A larger average size in 1962 wag due to a
strong 1957 year-class (relatively more age 5 fish),
There was a decline in the relative proportion of
older fish during 196266, particularly for ages 11
and above which were virtually absent from the
1965-66 samples.

Collections and Methods for
Biological Studies

Collections

Details of the collections are listed in Table 2.
All measurements were of fork length to the
nearest centimeter and were taken at random.
(ffshore material comprised length and otolith
collections of fish ecaught by Canadian research
vessels using No. 36 or 41-5 otter trawls with
small-meshed codends, in certain years during



20 ICNAF RESEARCH BULLETIN NUMBER 5, 1968

1947-66. Usually, but not always, the codend
was lined or covered with fine mesh nylon netting.
The measured fish were subsampled for collection
of otoliths and determination of sex and maturity.
Before 1962 such subsamples were simply random
samples of the measured fish. From 1962 to
1966 additional sampling was performed on
“category’’ sizes (fish above about 65-70 em).

Inshore measurements were of trap catches
from the North Shore Strait of Belle Isle, col-
lected during 1962-66, and of catches by research
vesgel or commercial line gears from 1953 to 1966.
Line gear samples were normally from eclose to
shore in various areas of the northeastern Gulf of
St. Lawrence (Fig. 12}. Trap subsamples were
random during 1962-64 and stratified (approxi-

mately equal numbers from each 3-em length
group} from 1965 to 1966, whereas for line gears
sibsampling was random during 1953-64 and
stratified in 1966, when catches at a fish plant
ont the northwest coast of Newfoundland were
sampled.

Age determinations

Age determinations were from sacceulus oto-
liths read aecording to the method given in the
summary by Keir (MS, 1960). Age distributions
for each year were obtained after adjustment of
random, random plus category or stratified oto-
lith subsamples to number caught using age
length keys based on the otolith ages.

TABLE 2. Otolith colleetions of cod eaught by inshore gears and offshore research vessels during 1947-66 in Divisions 4R
and 45. Research vessel eollections were taken by ofter trawl having the eodend lined with small-meshed
netting, exeept as indieated.

ICNAF Otoliths Lengths
Year Locality Month Division Gear ecllected measured
1947  Bonne Bay, St. Georges Bay Nov. 4R or? 159 250
1948 Anticosti Aug. 48 or* 48 48
1950  West NFld. Oct.-Dec. 4R oT? 457 860
1953  West Nfld, July-Sept. 4R Longline 473 10,916
1955  Port aux Choix, Flowers Cove Sept.- Oet. 1R Longline 225 2,255
1957 Waest NTId, Dec. 4R orT 58 342
1961  West Nfld. Nov. 4R oT 62 362
Anticosti Nov. 45 oT 141 1,327
1962  West Nfld. Jan. 4R o 665 6,321
North Shore Stratt of Belle Isle July 4R Trap 392 1,500
North Bhore Strait of Belle Isle Sept. 4R Hook" 61 61
Quebee North Shore Oct. 43 oT* 122 890
Belle Isle Strait Oct. 4R oT? 154 172
1963  North Shore Strait of Belie Isle July 4R Trap 485 1,143
Quehec North Shore Sept. 45 Longline 372 497
1964  North Shore Strait of Belle Isle July 4R Trap 130 130
North Shore Strait of Belle Isle July 4R Hook" 25 25
Port aux Choix Sept. 4R Longline 123 1,751
Quebee North Shore Oct. 48 Longline 205 2 867
Bay of Islands Nov. 4R Longline 121 1,761
1965 North Shore Strait of Belle Isle June 4R Trap 198 495
West Nfld. Nov. 4R oT 532 828
West NFld. Nov. 48 OoT 78 447
1966  North Shore Strait of Bello Isle June 4R Trap 211 603
Port aux Choix June—July 4R, 48 Linetrawl 418 1,989
Port aux Choix Sept. 4R Linetrawl 225 844
West Nfld. Oct. 4R oT 327 441
Quebec North Shore and Anticosti  Oet. 48 oT 458 1,447

a .
lDnon—I] ned codend.
special collections of small eod.
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Colleetions were made 1n every month of the
vear excepl February, April, and May. To eom-
pensate for seasonal growth differences and to
prevent an error of 1 yvear being made in otolith
ages in the September-December period, oto-
lith edge deposits were recorded at the time of
reading and 1 January used as the fishes' “birth-
day”. Hyaline zones apparent mn the autumn
were regarded as the next annual hyaline zones
and were not counted for ageing purposes until
1 January of the next year. Ages so determined
were used lo compile annual adjusted age dis-
tributions from which estimates of total mor-
tality were ealeulated. The ineidence of opague

Gulf of 8t. Lawrenee showing areas mentioned in text.

otolith edges was used in a study of the validity
of the otolith readings. (Fleming, 1960; Kohler,
1964; Williamson, MS, 1965; May, 1967).

The age-length keys were also used o caleu-
late mean length at age, from which growth
curves were plotted. Sinee data were taken at
different times of the vear, annual collections
were not comparable because of seasonal growth
differences.  In preparing growth figures, the econ-
vention of adding 4 to the otolith age for eauch
quarter of the year beyond January—March was
adopted. Thus a fish of ¢ years collected in April-
June was called ¢ + % in July—September
{ + %, and in October-December ¢ + 3.
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Fig. 13. (A) Monthly ineidence of opaque edge on otoliths of cod from the
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cod otoliths of different ages in August.
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Age Validation

Introduction

Recent workers (Saetersdal, 1953; Kohler,
1064; May, 1967) have reiterated and empha-
sized Dannevig’s (1933) observation that a critical
approach is essential to age determination pro-
cedures.  Bxamination of skeletal structures for
estimations of age involves some interpretation
rather than simple counting of annual growth
markings. Hence validation studies assume im-
portance in determining the correctness of these
interpretations.

For the purposes of this study, offshore re-
scarch vessel material was combined with com-
mercial and research samples taken inshore from
line gears. Data from traps were not used be-
cause they eonsisted predominantly of very young
fish whose opaque zones appeared very early in
the vear. Their inclusion would clevate incidence
values of opaque edge in June-July to non-repre-
sentative levels. Age and edge data for all years
were combined by month and also analyzed by
age-group for August samples. The opaque
zones represent the period of greatest growth
(Fleming, 1960). Hyaline zones begin to form
when otolith (and henee bodily) growth slows
down. As they are more distinct than opaque
zones they were used for age determinations.

An empirical assessment of the age reading
technique ean be made by observing seasonal
changes in the otolith edge and by comparing
mean lengths of ololith ages so derived with
modes in the length frequency distribution.
(bservations on both these methods are given
Lelow,

Results

Otolith Edges. Figure 13A shows the occur-
rence of opague edge in the otoliths of cod from
the northeastern Gulf of St. Lawrence during 9
months of the year. Opaque edges were present
at least as early as March, but only in younger
fish aged 3-7 years. In June and July the per-
centage of fish with opaque edges was still low,
and mostly confined to 4- to 7-year-olds. By
September, about 409 of fish exhibited opaque

edges and the shape of the curve {Fig. 13A) clear-
ly demonstrates that only one opaque zone is
formed each year. However, beginning in Sep-
tember, some fish showed a narrow hyaline zone
at the otolith edge. In later months this in-
creased In thickness and became more common,
being particularly well developed from late Oec-
tober to December (Fig, 13A). This zone was
regarded as the next annual hyaline zone and was
omitted from age estimations of fish collected
before 1 Janunary., This is standard proeedure at
the St. John's Biological Station and prevents
an error of 1 vear being made in readings of
antumn and early winter samples. The hyaline
edge was also predominant from January to July,
when it was counted for age determinations.

The otoliths of most very old fish exhibited
no recognizable opaque edges at any time of the
vear. A similar observation was made for Labra-
dor cod by May (1967) who attributed this ap-
parent lack to an inability to see extremely thin
opaque zones at the very edge of the otolith.
May’s interpretation seems {0 be equally ap-
plicable to otoliths from the northeastern Gulf
of 8t. Lawrence.

The opaque zone appeared earlier in the year
in younger fish than it did in older ones, an ob-
servation also made by Williamson (MS, 1965)
for Grand Bank cod and May (1967) for Labrador
cod. The oeeurrence of opaque edges in fish of
different ages is shown in Fig. 13B, for August,
when the development of the opaque zone was
almost at 4 maximum. The occurrence of opaque
edge ranged from 909 at age 6 to about 307, at
age 8 and less than 109, at age 14,

Length Frequencies and Mean Lengths From
(Holiths. The modes of length distributions of
catches taken by line gears and otter traw] during
1947-66, together with mean lengths of strong
age classes from the corresponding age-length keys
are listed in Table 3. These data show that there
was good agreement between most modes in
length compositions and the corresponding eal-
culated mean lengtih of strongly represented ages.
Conformity was best for younger fish but in
several samples a high degree of consistency was
evident even for fish aged 10-12 years.
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TABLE 3.

Modes in length frequencies of eatches compared with mean lengths of dominant ages in corresponding age

frequencies.
Sample Mean Mean Mean Mean

year Gear Age  length  Mode Age length Mode Age length Mode Age length  Mode
1947 Lines 4 47 449 5 52 55 10 65 73 — — —
1947 oT 3 34 34 6 54 52 12 78 a8 — — —
1948 oT 4 43 43 7 59 61 10 67 70 -— — —
1950 oT 2 26 25 4 45 45 8 65 67 — — —
1953 Lines 7 R 61 — — — — —— — — — —
1953 Lines 6 52 i1 8-9 68 70 10-12 73 76 — — —
1955 Lines 6 62 63 7 68 72 — — — — em —
1967 oT 2 23 25 b3 Hl hH2 — — — — — —
1961 oT 4 41 43 7 653 61 — — — — — —
1961 oT 4-5 48 49 6 513 a8 — — — — — —
1962 orT 6-7 35 54 — — — — — — — — —
1962 oT 1 15 13 5 44 49 6-7 a8 59 — — —
1962 OoT 7 55 59 — — — — — — — —
1963 Lines 7 57 58 9 64 64 — — - — — —
1964 Lines 8 58 i%3) 9 62 61 — — — — — —
1964 Lines 7 58 61 10 66 67 — — — — — —
1965 OT 34 37 37 5 48 49 7 o4 55 — —— —
1965 or 2 23 25 3 34 34 4 40 43 6 51 H2
1966 oT 1 16 16 3 32 37 4 45 43 5 50 he
1966 oT 2 27 25 3 38 40 5 53 58 — — —=
1966 Lines 11 79 73 12 52 82 — — — — — —
1966 Lines 8 61 61 10 75 76 12 82 82 — — —
1966 Lines 8 66 61 9 73 70 10 75 79 — — —

Length and Age Composition
of Samples

ln the study of age and length compositions,
data for each of offshore otter trawl and inshorc
line gears were combined for several years to eom-
pensate for seareity or lack of data in some years
and to reduce effects of annual variations in re-
cruitment.

Offshore samples were combined into three
5 wvear periods 1947-51, 195761, and 1962-66.
For inshorc line gears, data were combined for
§953-55, 1963-64, and compared with 1966 col-
lections.  Material from the summer trap fishery
on the northern shore Strait of Belle Isle, was
analyzed on a yearly basis sinece samples were
available for every year from 1962 to 1966.

Composite age and length frequencies for
offshore samples arc shown in Fig, 14. During
1947-51 catehes were composed of a wide range of
age-classes, fish 2-8 years old being dominant.
Fish 9-13 years, and to a lesser extent thosc 14~

17 years were relatively well representied.  The
wide range of ages is reflected in the length
frequency for 1947-51 which had no well-defined
mode and a large number of fish 25-7) c¢m in
length. From 1957 to 1961 ages 2 and 4-7 were
dominant but ages 814 were relatively reduced in
comparison to the 1947-51 sample. There were
no fish older than 14. The corresponding length
frequency for 195761 had two distinct modes at
25 and 47 em but fish greater than 65 em were
uncomion, The mode at 25 em was ecaused by a
strong 1955 year-class collected in 1957 (2-vear-
olds).

From 1962 to 1966, collections from JCNAF
Div. 41} and 45 were kept separate. The age
frequency for Div. 4R had a relatively restricted
range of ages composed largely of 4- to 7-yvear-
olds. Cod less than age 3 and greater than age 9
were rclatively poorly represented and there were
virtually no fish  older than 11 years in the
sample. 1n the 48 sample, ages 3-7 were dom-
mant and 8- and 9-year-olds well represented,
but there were few fish less than 3 or greater than
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10 years old. From 1962 to 1966, length fre-
queneies for Div. 4R and 45 had similar modes at
55 em but the frequency for 45 had a secondary
mode at 40 em corresponding with the abundant
3-yvear-olds.

Age and length frequencies of line gear
samples are shown in Fig. 15. During 1953-55
catches were composed of a wide range of ages.
Ages 5-8 were dominant, followed in importance
by ages 9-16 and to a lesser cxtent ages 17-22.
The eorresponding length frequency had a mode
at 64 em but was skewed to the right by the
gquantity of larger and older fish in the sample.

In 1963-64 ages 5-11 were dominant but fish
older than 12 vears woere poorly represented in
comparison 1o the 1953-55 sample. The length
frequency for 1963-64 had a mode at 61 em
(cf 64 em for 1953-565) and approached a normal
distribution more closely than that of 1953-55.
In June—July 1966, old fish were again predomin-
ant, with ages 12-14 forming the bulk of the
sample, but younger and smaller fish predomin-
ated in September.,

Age and length distributions from the trap
fishery (Hig. 16} were similar from year to year,
being made up largely of very young and smail
fish. In each year, except 1962, almost half the
fish were 4-year-olds,  In 1962, S-vear-olds were
dominant but this was an anomalous observation
caused by relatively great survival of the 1957
vear-class. In all years most of the fish were less
than 50 em in length. Very few fish older than
10 years or longer than 70 e¢m were taken, and
these were relatively less numerous in 1965-66
than in 1962-63.

Mortality

Introduction

Fishery assessments were not made for cod
of ICNAF Div. 4R and 4% by the HONATF work-
ing group on fishery assessments (Beverton and
Hodder, eds., 1962). For these Divisions few
data are published on age compositions of fish
caught by the major gears in the cod fishery and
no information is available on gear selectivity,
ratio of fishing mortality 10 total mortality, or
natural morlality of fish within the scleetion
ranges of the gears. In the present study total
moriality estimates were derived to sce whether
reduction of older fish noted above was accom-
panied by significant inereases i mortality.

Estimates of total mortality for otter trawl,
line gears, and trap samples were caleulated from
least squares regregsions fitted to the descending
limhbs of eateh eurves based on percentage age
distributions. For these estimates, offshore data
were combined for 1947-61 and 1962-66. Samples
from line gears were combined for 1953654 and
compared with 1968 samples while those for trap
were combined for 1962-63 and comparced with
1965-66.

Results

Offshore cateh curves are shown in g, 17.
From 1947 to 1961 and 1962 to 1966 7 increascd
from 0.39 (ages 5-16) to 0.65 (ages 7T-15). The
cateh eurves for hine gears (Fig. 18) indicate that
7, changed from 0.18 for ages 8-16 and 0.50 for
ages 16—22 in the former period to .22 for ages
13-20 in 1966, For traps the age at full reeruit-
ment was low, remaimng at 4 vears during the
whole period of sampling (Fig. 19). The value
of Z for ages 4 16 increased from 0.46 in 1962-63
to 0.68 in 196H-66, averaging (.54 for the whole
period.
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Fig. 17.  Catch curves for combined age distributions of ecod taken by small-
mesh-otter trawl in Divisions 4R and 48.
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Growth

Introduction

Variations in cod growth ean arise from
changes in hydrographic conditions (Hermann
and Hansen, 1965) or changes in stock abundanece.
In the first case the variations are regulated by
external (physical) factors and in the second case
by biotic factors involving population stability.
When considering the biology of a commereially
exploited fish species it is therefore useful to know
the trends in the fishery which the speecics sup-
ports, as well as temporal changes 1 the hydro-
graphy of the area in which the stoek lives.
Knowing these an assessment of any changes in
growth raie can usually be made.

The preceding detailed study of the com-
mereial cod fishery indicates that generally in-
creasing otter trawl effort in Div. 4R and 48
has apparcntly resulted in a reduetion in the
abundanece of larger and older fish in trawler and
inshore calehes (inereased total mortabity). In
this section growth is cxamined to determine
whether reduetion of older fish was accompanicd
by inereased growth rates in the eod stock com-
plex of 4R8.

Growth was expressed as average fork length
at age. Dala were analyzed according to the von
Bertalanffy (1938) growth curve equation,

L =1 {(1-¢¥¥y where [, is mean length at

age [ vears, [ 18 average “‘maximum’’ or asymp-
totie length, K is a constant determining rate of
change in length inerement, and {, is the theo-
retical age at which the fish would be of zero
length. Growth curves were fitted using the
“trial | " method of Ricker (1958),

Results

A detalled preliminary analysis of growth
data for otter trawl and line gear samples showed
that there were usually no differences in growth
rate between fish from Div. 4R and 45. Since
samples were mostly small and seatiered in time,
data for Div. 4R and 48 were combined by years
up to 1961 bul kept separate after 1961. Off-
shore otter trawl, inshore line gear and trap col-
lections were treated separately because of dif-
ferences in gear selectivity. For plots of mean
length at age the data were treated as yearly
samples. However, examination of the compo-
site yearly collections showed that it was neces-

sary to combine data from different years for
purposes of growth rate calculations. For off-
shore material, data were combined in three 5
vear periods: 1947-51, 1957-61, and 1962-66.
Material from Div. 4R and 4S were treated sep-
arately in the most recent period. Inshore line
gear data were less extensive than offshore and
were combined as follows: 1953-55, 1963-64,
June-July 1966, and Secptember 1985, Trap
samples were combined for 1962-66.

Average Sizes at Age. Otter trawl fish show
no discernible trends in average size at age from
1947 to 1961 (Fig. 20). TFrom 1962 to 1956 in
Div. 4R an upward trend was observed for ages
10-13. No consistent trend was evident in Div,
458. Plots of average sizes at age for inshore
line gear samples indicale a deeline in all ages
during 1955-63 followed by an upward tendency
for most ages during 1964-66 (Fig. 21). Attained
gizes at age of trap fish were quite variable from
year to year. The average sizes of the most
abundant age groups (Fig. 22) generally declined
from 1962 to 1964 but inereased from 1964 to
1966.

Growth Curves. Curves fitted to offshore
data combined in the 5 year periods indicated
that no consistent trends occurred in growth rate
of all ages sampled during 1947-66. Consequent-
ly, offshore data for the whole period were com-
bined as shown in Fig. 23. Only mean lengths
based on 10 or more fish within each 5 year period
were used to caleulate the average mean lengths
at age for 1947-66. The growth eguation for
ages 1-14 was as follows:

I, =93 (1-g01s e+ 0.2},

Inshore line gear growth curves for 1953-55
and 1963-64 indicated that in the latter period
growth decreased slightly for ages 4-9 but in-
creased for ages 10 and above. Growth curves
for June-July and September 1966 demonstrated
a higher growth rate in 1966 of most ages sampled.
Data for 1953-64 were therefore combined and
compared with the 1966 materizl as shown in
Tig. 24 which indicates that growth of most ages
was greater in 1966 than i1t had been previously,
the fitted curves being as follows:

1953--64 11 =91 (‘1—@’0-14 “ + 0.5))‘
1966 I, = 110 (1—g*13 ¢-08),

(rowth rate of trap fish for 1962-66 1 shown
in Fig. 25. Included also are fish of ages | and 2
taken close inshore by bailed hook. The von
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Fig. 20. Trends in mean length at age of offshore cod caught by small-mesh-otter trawl during 1947 66, Divisions

Bertalanffy growth curve shown in the figure
gave a reasonable fit to the data, though the
common ‘‘levelling-off™ at the older ages followed
by inereased growth for the wvery oldest ages
(May et al., 1965) was very much in evidence,
Average lengths for ages | and 3 were artificially
high because of hook selection in the former group
and trap mesh seleetion in the latter.

Weight-Length and Girth-Length.  Weights of
whole cod, and with viseera and gills removed,
were obtained for all trap fish sampled during
1962-64. All weights were made in the field and
recorded to the nearest ounce (1 oz = 28 gk
Weight-length curves of the form W = LL* were
fitted to the data (about 1,000 observations)

4R and 48.

and are shown in Fig. 26. Plotted averages of
both whole and gutted-gitled weights adhered
closely to a logarithmic straight line though there
was some tendeney for the largest sizes to depart
from the regression.  Points above 60 em were
better fitted by regressions employving greater
exponents. Thus values of n for fish greater
than 60 ecm in length were 3.43 for the whole
weight eurve {3.01 for all sizes) and 3.37 forthe
gutted-gilled weight eurve (2,91 for all sizes).
A similar phenomenon was deseribed for Labrador
cod by May (MS, 1966).

Measuremenis of girth at the posterior edge
of the operculum were obtained from 874 trap
fish from 1962 to 1964. These measurements
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were originally made 1n millimeters using a flexible
tape, and later combined into 1-em groups. Pre-
liminary analysis revealed no sex differences.
Combined averages for 196264 are plotied in
Fig. 27. A weighted straight line fitted to the
data gave the regression,

G = 0.56L - 0.87

where G = opereular girth in em and L = fork
length to the nearest em,

Maturity and Spawning

Observations on stage of maturity were made
by gross examination in the field of gonads of all
fish sampled. For present purposcs data col-
lected by otter trawl, line gears, and traps werc
combined. Morecover, various stages were com-
bined as immature, pre-spawning, spawning, and
spent-recovering. Spawning was completed by
virtually all fish by June when 859 of the mature
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males were spent-recovering; 29, spawning; and
3¢0 pre-spawning., Maturc females in June were
92¢, spent-recovering and 8% pre-spawning. A
vory few individuals appeared to spawn late in the
vear, even in Qctober.

The proportion of mature fish in each 3-em
length group and al each age were determined
for the combined data (Fig. 28), Males were first

mature at 31 em and age 2; females at 40 em and
age 3.  All males were maiure at 67 c¢m and age
9; all fomales at 76 em and age 11. Sizes and
ages at 25%;, 509, and 759 maturity, estimated
from the plotted curves (Fig. 28), are tabulated
below.

Size at maturity (em)

254, 509 754
mature mature mature
Male 42 .0 45.5 48 .4
Female 47 .3 49.7 56.:
Combined 44.0 47.5 52.8

Age at maturity

257 509 750

mature mature mature
Male 4.1 5.1 5.9
Female 5.3 6.1 6.9
Combined 1.6 5.6 6.6

Discussion and Conclusions

The fishery

Statisties from 1954 to 1965 show that cod
catches by trawlers from the northeastern Gulf
of St. Lawrenee varied somewhat but generally
increased relative to inshore calches since 1960,
particularly in Div. 48, Whereas offort by trawl-
ers increased since 1960 in the first half of the year
in Div. 4R, similar upward trends in effort in 48
occeurred in the second half of the year. Thus,
in Dyv, 4R C/F values for January—June varied
but tended to rise in"1960-65 whilce those for July—
December declined. In Div. 438, on the other
hand. July -Decemhber C/E values decreased and
January-June values were variable. On  an
annual basis, C/E values in Div. 4R increased
after 1960 whereas those in Div, 48 declined show-
ing that cffects of increased trawler effort on the
stoek have been most marked in Div. 48,

For the inshore fishery in Div. 4R, catches
remained relatively stable during 1956--65 while
annual cateh per man declined due to inereasing
numbers of fishermen. In Div. 48 during 1953-
64, catches rose while number of men deelined
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Fig. 23. Fitted growth curve for eombined 1947-66 otter-trawl collections, Divisions 4R and 485.

and this resulted in an improved annual catch
per man up to 1961, From 1962 to 1966 how-
ever, catch per man declined, probably as a result
of stock depletion by increased trawler catches,

Trends in the whole fishery were determined
by converting inshore effort to standard trawler
hours based on statistics of Portuguese and
Spanish otter trawlers., This treatmeni showed
that annual catches, effort and C/E values
fluetuated irregularly in Div. 4R during 1956-
65, whereas in Div. 4S8 increased catches and

effort resulted in improved C/E values from 1956
to 1961 but a decline in C'E during 1961-64
which may be due to increased trawler effort
since 1960,

Length and age composition data for trawl-
ers indicate a trend towards smaller and younger
fish in the catehes and, in particular, decline in
the oldest age groups. For the inshore trap fish-
ery of the North Shore Strait of Belle lsle older
fish became less abundant but average size of
fish eaught did not alter appreciably.
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Up to 1965, any effect on annual ¢ B of in-
creased trawler landings and cffort oceurred only
on that part of the stock eomplex being fished
within Div. 45, In Div. 4R no marked changes
in the eod fishery were deteetable.

Age validation

The study of seasonal changes in otolith
cdges shows that onc opaque and one hyaline
zone are formed each year. Hyaline zones ap-
peared first i September and persisted until
July when they were almost completely replaced
by a broader opaque zone. An opague zone was
present In varying degrees of development from
March to Novemher. Thus, there was appreciable
overlap in the time of formation of the two types
of edge, caused mainly by the early {(March) ap-
pearance of opaque edges in voung fish, and its
persistence in some individuals of all but the oldest

Numbers of fish are
in parentheses.

ages even into early Deeember. The period of
greatest  deposition of opaque material was
Augusi-November, indicaling that the growing
season in the northeastern Gulf is about 4 months
compared to about 3 months in Labrador as indi-
cated by May's (1967) data and 5 months or more
on the Grand Banks (Willlamson, MBS, 1965).
In this eonncetion it is interesting to note that
growth of cod in Div, 413 and 48 is greater than
that of Labrador cod but less than that of stocks
on the Grand Banks (May ¢t al., 1963). Hence,
observations on the seasonal changes in otolith
cdges of cod from the northeastern Gulf are con-
sistent with conclusions derived from growth
studies.

In the general Newfoundland area, “‘ehecks”
or false {(weak) rings are commonly found in oto-
liths. Cheecks were often scen in the present
study, mostly in the first 3 years of growth but
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Fig. 25, Fitted growth curve for inshore cod taken by
trap in Division 4R, June and July, 1962 66.

particulavly in the second yvear. which often ex-
hibited a Dbright, many banded hyaline zone.
Such checks sometimes confused an age reading,
but sinee they usually conformed to a distinetive
pattern, they were early recognized as false rings
and were not coutited for ageing purposes.  They
usually formed “double”, incomplete or weakly
developed zones which did not fil inlo the pattern
of decrcasing opaque zone width which was re-
lated 1o increasing age. In fact, sometimes a
check was recognized by its anomalous position
or unusual spacing, rather than its appearance.

[For validation purposes length eompositions
of samples were compared with age distributions
hased oun otolith ages, bul only dominant ages
were considered.  Poorly represented ages did
not generally produce recognizable modes, the ex-
ceptions being the very youngest fish (l-to 3-
vear olds).,  Therefore the method of eomparison
used was not truly an application of Poterson’s
method, which utilizes the recognition of separate

modes of suecessive ages, but rather an indireet
deductive one where no attempt was made to
prove that a particular mode was formed hy fish
of a particular age. Relianee was placed on find-
ing good agreement between doeminant modal
values and mean lengths and the fairly high de-
gree of correlation found is a good indication of
the validity of the otolith ages, particularly since
a reasonable number of samples were available
for analysis.

Age and length distributions of samples

Assuming that an otler trawl with a small
meshed codend provides a random sample of most
of a fish population on the sea bed, the offshore
rescarch vessel data on age and length composi-
tions indicated that prior to 1957 the cod stock
in the northeastern Gulf of St. Lawrence was eom-
posed of a wide range of ages and sizes, a good
proportion of which were more than 10 vears old
and 70 em in length. A deeline in older and
larger fish oceurred sometime during 1951 57,
This may be related to the inception of otter trawl
fishing in Divisions 4R and 48 in 1954, The de-
cline became more marked by 1962 66 and so
probably oceurred in 1961 or 1962, which coin-
cides with the inerease in growth rate of cod aged
10 or 1! and older as noted above. Thus, re-
duction of larger and older fish in offshore sampies
may have been due to the miroduction and gen-
cral 1nerease of (rawler fishing in this area.

The data for line gears show that aithough a
deeline of older and larger fish oceurred some-
time from 1956 to 1962, by 1966 at least ages 12-
14 were again well represenied.  However, the
samples for the carlier period were from shallow
{33-104 m} water and mostly at depths less than
90 m, whereas those for 1966 were from decper
{51269 m) water usuzlly below 90 m. Thus the
two sets of data may indieate that proportionately
more older and larger figsh are found in deeper
water.

Data on the trap fishery demonstrate that old
fish were relatively less numerous in 1965-66
than in 1962-63 and probably refleet recent in-
ereased fishing on the 4RS cod stoek as a whole.

Mortality

The increases in total mortality (Z) for off-
shore trawl and inshore trap samples and a con-
cavity belween ages 5 and 1l on the cateh curve
for trap are a reflection of the decline mn older
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Fig. 27. Girth-length relationship for inshore cod taken by trap in Division 4R, July, 1962-64.

fish whieh oceurred in recent years (1962-66)
in the respective samples. The probable cause of
inereased total mortality was the introduction,
in the mid-1950's, and continuance of, otter-
trawl fishing in Div. 4R and 4S8. For line gear
samples Z was about the same for younger ages
{8-16 years) in 1953-64 and 1966, while older
fish had a lower value of Z in 1966 than in 1953-
64. A convex descending limb on a catch curve
such as was obtained for 195364 is indicative

either of natural mortality simply increasing with
age or of a period of low fishing intensity following
one of greater fishing intensity (Ricker, 1958).
The fact that values of 7 for the younger ages
were almost identical in the early and recent
periods, averaging 0.2 over the whole period of
sampling, indicates that the effort put into the
line gear fishery has not changed appreciably
from 1953 to 1966, although there may have been
a decrease from the early 1940’s to the 1950's,
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Line gears scleet larger and older fish than
otter {rawl, which may explain the convexity
of the eurve for line gear samples in a period when
trawl samples produced a straight cateh curve,

It must be pointed out that values of Z
given here for inshore gears probably do not repre-
sent  true population values. Availability of
older fish 1o traps probably decreases with age
while vounger fish are relatively unavailable to
line gears. Henee, inshore cateh curves contain
a measure of availability as well as abundance
and although they indieate the direction of change
in total mortality, values of Z derived from them
may not represent the stoek as a whole.

Growth

Growth data used In this study have certain
limitations: (1) a long series of eolleetions was not
available. there being vears when data were lack-
ing or so imited that they were of little use; (2)
although a correction was applied to ages when
combining material from different seasons, this
may not complelely compensale for scasonal
growth differences: (3) sinee small numbers of
tish were sampled at the very oldest ages, values
of mean length derived for these may not be ae-
curate, therefore Interpretations of trends in
mean length of the oldest fish are provisional;
(40 it was found that smail changes in the ob-
served data. or differenees i the ranges of ages
used 1o determine the growth equations could
result in targe changes in caleulated values of
lw and K. This was also noted by Jones (1962)
and Mayv of al. (1965). Thus the observed dif-
forenees between e for 1953-64 and 1966
fine gear samples may be artifieially large and
are of empirical value enly.  TFurthermore, sinee
temperature may well have had a significant in-
fluence on growth. the lack of hydrographic
data limits the extent 1o which the e¢ffeets of fish-
ing on growth rates may be assessed.

Temperature and the growth rate of cod
Lave been shown to be related in certain areas of
the Northwest Atlantie (May ¢f al., 1965; Her-
mann and Hansen, 1965), and this relation is
probably an indireet one working {hrough effects
on disiribution of prey, feeding, and food assimi-
lation (Kohler, 1964). Under relatively stable
hydrographic conditions, growth rate changes
may be at least partially due to reduced densities
of fish on bottom caused by inereased fishing
{Kohler, 1964; Witkiamson, M3, 1965; Mayv, MS,
1966). This reduces competition for prev and

allows some fish fo take in more food and grow
more tapidly. Temperature variations in the
northeastern Gulf of St. Lawrence are not well
documented, so the degree to which these are
responsible for the growth rate changes observed
in this study is unknown. In the abscnee of
hyvdrographic data for the area. changes in fishing
offort were examined to see whether inereased
fishing ecoineided with inereased growth rate.
Sinee 1930, inereased otter trawler effort in Div.
4R and 48 appears to have reduced the number
of older and larger fish in offshore and inshore
catehes.,  Otter-trawl samples from Div, 4R ex-
hibited marked upward {rends in average size at
age for ages above 9 (Fig. 20).  Data for older
ages in Div. 45 were seanly and the data series
for line gears wasg short (g, 21}, though most
ages exhibited inercased average size from 1963
onward.

The ehanges are not as marked as those which
have occurred in other parts of the Northwest
Atlantic (Beverton and  Hodder, eds. 1952)
possibly beeause an inlense offshore fishery has
notl vet developed to the same extent as in these
other areas. The greatest inercase 1 growth of
otter trawl, line gear and trap fish occurred in
1966, which may indieate that the full offect of
inereased fishing is only now beginning to he felt,

0n the other hand. May (M3, 1967) deserih-
ed parallel trends in air temperatures at seleeted
localities and mean annual size al age of cod
caught by traps on the North Shore Strait of
Belle Isle. In particular, inercased sizes in
1965-66 coincided with warmer than average air
temperatures in those vears.  The possibility of
hydrographically indueed growth thus cannot be
discounted. It 1s apparent that growth increases
could have resulted from both inercasced fishing
and hydrographiec warming. but the available
data do not allow a separation of the effeets,
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Immunological Analysis of Serum Proteins of Redfish

in Connection with Maturation

BY JU. P. ALTUKHOV,!® K. F. ARTEMJEVA,' I. V. BORISOVA,! AND G. N. NEFYODOV !

Abstract

Sexual differences have been discovered in the serum
proteins of redfish (genus Sebasies) by using the method
of double immunodiffusion in agar gel. Antigen complex
{ovovitellin) has been found in the blood of mature fe-
males and females maturing for the first time, but is
absent in males and immature females. It is suggested
that this approach be used to estimate the rate of sexual
maturation in the redfish female population.

Introduction

Sexual differences in the serum proteins of
the salmon Oneorhynchus nerka and 0. kisuich
have been discovered using both the paper eleetro-
phoresis (Vanstone and Ho, 1961) and the double
immunodiffusion in agar gel (Ridgway et al.,
1962}. This differentiation is associated with the
process of sexual maturation and is expressed in
the appearance in the blood of the first maturing
females of the lipoprotein complex, named by
Vanstone and Ho (1961) as serum vitellin. In
the mature females the serum vitellin is always
found in high concentration in salmon eggs, as
has been shown by Krauel and Ridgway (1963).
In the blood of males and immature females this
complex 13 absent. In recent papers (Utter and
Ridgway, 1967a, () the existence of maturity
antigens is shown in two other marine species,
the English sole (Parophys vetulus) and the
Pacific halibut { Hippoglossus stenolepis).

The present work is concerned with immuno-
logical studies of matuaration in the viviparous
redfishes of the genus Sebastes. These investiga-
tions were undertaken because the sensitivity
and specificity of the immunological tests allow
us to identify readily the complex of the sexual
antigens. 1f they are present in the blood of red-
fish, it would he possible to determine in an obh-
jective experimental way the relative number of
the first maturing females in the stock of this
commercially significant fish.

Materials and Methods

The investigations took place in 1964-67 on
board the R/V Sevastopol of the Polar Research
Institute, and in the laboratory of Moscow Uni-
versity. Studies covered 209 samples of blood
sera from Sebastes marinus, Sebastes mentella,
and giants (specimens larger than 60 em in length).
Samples of blood from 8. marinus and 8. mentella
were collected in September—Oectober 1964, and
from the giants in August 1965. Trawling for
these took place in the locations shown in Fig. 1.
Six samples of serum were taken from the Barents
Sea. Four rabbits were immunized with a mix-
ture of blood scra taken from five to six speci-
mens of marinus- and meniella- types of redfish.
Freund's 3-week eyele round of immunization
with adjuvant was applied in the manner deseril-
ed in detail by Altukhov, Apekin, and Limansky
(1964). Three highly reactive sera were obtained:
two against the female scrum proteins (anti-
marinus No. 1 and No. 2) and one agalnst the
male proteins (anti-mentella No. 4).

Immunodiffusion proceeded In a moist
chamber at 20° to 22°C in 19, agar Difco gel
spread as a thin layer on the surface of a micro-
scope shde. With the help of a special matrix,
wells were cut in the agar gel and analyzed sera
were put in them. After the formation of lincs
of precipitate was complete, the preparations
were photographed with the aid of a special light-
ing set (Limansky, 1965).

The method of immunoelectrophoresis used
13 described in detail by Zilber and Abelev (1962).

Results

The resulis of the experiments are shown in
Fig. 2. Figure 24 illustrates the character of the
reactions between the anti-marinus No. 2 serum
and the blood sera of males (well No. 2, 1 )
and females fwell No. 1. 3. 5) of 8. warinus.

Moseow University and Polar Research Tnstitute of Marine Fisheries and Oceanography, Murmansk, USSR,
*Present address: (leneties Laboratory, Department of Marine Biology, Vladivostok 22, USSR.
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Fig. 1. Redlish blood sampling locations : O = Sebastes meniella: @ = Schastes marinus:
+ = glants.

In Fig. 2B. the antigen composition in the male
and female blood of 8. menteila is compared simi-
larly with the precipitating anti-marinus No. 1
serum. These data reveal the sexual differences;
namely, at the background of a greater number of
connecting precipitate lines, showing the identity
of the antigen components in the compared speei-
mens, certain precipitate lines are seen, revealing
antigens contained only in the female blood
serum of 8. marinus and 8. menitella,

The association of these diffcrences with sex
15 confirmed by the results of the experiment
shown in Fig. 2C, Here the same sera as in
Fig. 2B are in the peripheral wells, while in the
central well is the immune anti-mentella No. 4
developed against the male serum. Anti-ment-
elle serum does not show any specific antigens
in the female blood, but rather shows only the

common components which are inherent in the
blood of the speeimens of both sexes. The ap-
parent sexual antigen differences in the absorp-
tion experiments are also disiinet. There results
are shown in Fig. 2D and 2B. The difference is
only that in the sets in Fig. 2A and 2B, whole anti-
sera were used whereag in experiments in Fig. 2D
and 2E they were absorbed by the male serum
proteins according to the Bjorklund (1952)
scheme (Fig. 2DD) and to the conventional method
of absorbtion (Fig. 2E). In the first case, male
blood serum of 8. marinus was put in the agar
slide wells and the preparation kept in the moist
chamber until complete absorption. After this,
the same ingredients as in the set in Fig. 2A were
put in the wells. The second variant of absorp-
tion was run by adding one part of a mixture of
sera from several males of 8. meniella to two parts
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Fig. 2. The antigen differenees in blood sera of male and female redfish
of the genus Sehasies. In each ease, the eentral wells eontain the
antisera and the peripheral wells contain the antigens. For

further details sce the text.
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of the antiserum No 1. The mixture was placed
in a refrigerator overnight, centrifuged and the
reagenl which is speecific only against the blood
antigens of the females was obtained.

On the other hand, the reactions with the
absorption by antisera show that the specific fe-
male antigen is not homogenous, but consisis of
several components, It is possible to identify
readily not less than three lines of preeipitation,
(Fig. 2D). The antigens in this experiment are
arranged as a compacl group; two of them which
are recognizable near the equivalent zone, evi-
dently prevail in quantity over the third antigen
which is the nearest to the central well. The
pattern shown in Fig. 2B actually does not differ
from that deseribed above, although the division
of the first two precipitate lines Is not so distinet.
However, in the immunoclectrophoretic analysis
of the antigen composition in the female blood
sera, examined in the set in Fig. 2K, the number
of precipitate ares is also equal to three (Fig. 2G).
Under the given methodical conditions, the anti-
gens ldentified by the absorbed anti-marinus
No. 1 serum, have a similar electrophoretic
mobility.

The experiments deseribed, in which the two
absorbed anti-marinus sera behave as the specific
reagents which are only female antigens, prove
the presenee of this complex regardless of whether
the female belongs to the marinus - or to the
menlella - type redfish.  Therefore. the difference
is possibly not specics-speeific.  Such a supposi-
tion is eonfirmed by the cxperiment in Fig. 2F
in which serum No. 1 is situated in the central
well, and iz absorbed by the mixture of anti-
marinus male blood sera, while in the peripheral
wells, the female sera of the marinus - (weil No. 2,
6) and mentella - (well No. 3, 5) types of redfish
are situated. For ecomparison the male blood sera
were dropped in wells No. 1 and No. 4. These
data show the merging of the precipitate lines,
formed by the contact between the specific anti-
bodies and the sexual antigens of females, this
testifies to the identity of the compared com-
ponents.

Thus. our investigations demonstrate clearly
that the complex of specific antigens aceompany-
ing sexual maturation can be revealed by double
immunodiffusion and immunoelectrophoresis.
They are actually present in the blood of females,

which are visibly mature, and are also present in
the ovaries of females which are in Stage II° of
maturity, that is in females maturing for the first
time. For exampie, wells No. 1 and No. 3 of the
experiments in Fig. 2A and 2D contain the sera
of the females in Stage I1 of maturity, and in well
No. 5 is the serum of the mature female at the
Stages IX-II of maturity. Not a single male
from the 118 specimens of the three types of red-
tish studied possessed the sexual antigens. How-
ever for the females, which were mainly in Stages
II, IT-I11, rarely in III and occasionally in TX-—
11, it is necessary to emphasize the following:
(1) from 14 mentella-type fomales captured in
East and West Greenland waters, the antigens of
maturation were found in six specimens; (2) from
31 females of the marinus-type captured in the
Tceland and Kast Greenland areas, the antigens of
maturation were found in 17 specimens; (3) from
22 females of the West Greenland marinus-type
antigens of maturation werc found in only three
speeimens.

Twenty-four giant females caught in August
1065 in West Greenland waters were also studied.
By thetr large size theyv might be expected 1o have
reached maturity, yet their ovaries were in Stage
1T of maturity. The sexual antigen complex was
found in only four fish, and it consisted of only
two components instead of three.

From the 46 giant and West Greenland
martnus-type females studied, sexual antigens
were found in only scven specimens (15.29),
which is far less than its frequency In marinus-
tyvpe females from the Iceland-East Greenland
Area (54.897). The differcnee found is statisti-
cally significant (P< 0.00%). Therefore, il is
possible that very slow rates of maturation are
characteristic of the glants and marinus-type
redfish caught off West Greenland.

Owing to the limited data collected a
thorough discussion is not possible at the present
time. Nevertheless, the data seem to deserve
some further attention, since the eytophysiolo-
gical and biochemical data reported on by Altu-
khov, Nefyodov, and Pajusova (1967) and Altu-
khov and Nefyvodov (1968) point to the hybrid
nature of the West Greenland marinus-type
population and of the giants; moreover, the bio-
logical observations show a significant part of
these fish, mainly females are juvenile.  Until

3The maturity seale adopted was developed for redfish by Dr. V. P. Sorokin (FINRO).
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now such conclusions have been based upon the
materials obtained by a visual examination of the
sexual glands and identification of maturity co-
efficients (Zakharov, 1962). Now such investi-
gations can be conducted at the molecular level,
moreover the discussed immunological data agree
with the biological observations.  Further ac-
curnulation of data would probably confirm the
hypothesis that the juvenile nature of a consid-
ergble part of the West Greenland marinus-type
population of females, including the giants, is
connected with their hybrid origin. Therefore,
with a certain degree of physiological incompati-
bility between the marinus- and mentella-types,
these species would seem to be in the formative
stage.

At the same time, although further investi-
gations in this direction are necessary, the im-
munological data examined do show the immuno-
logical method suitable for early determination
of the sexual maturation of females in the redfish
populations of the North Atlantie. In addition,
these data increase the number of fish species,
in the blood of which, the sexual antigen complex
can be identified.

Conclusions

The immunological analysis has revealed
significant scxual differences in the antigenic
composition of the blood serum of the genus
Sebastes from the North Atlantie. T{ has been
found that in the blood of the mature and first
maturing females there is a specific antigen eom-
plex which is absent in males. The method of
double immunodiffusion in agar gel is suggesied
for use in the carly determination of sexual matur-
ation in the female redfish population.
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Age, Length, and Gonadal Stages of Herring from Georges Bank
and the Gulf of Maine

BY H. C. BOYAR'

Abstract

Age, length, and gonadal stages of adult herring,
(lupea harengus harengus L., were determined from
samples eollected in 1960-65 from (leorges Bank and the
Gulf of Maine. Age-groups [V and V were the most
abundant ages in the samples. The 1960 year-class
dominated the samples from CGeorges Bank in 1963-65,
and the samples from the Gulf of Maine in 1964-65.
This year-class was the most abundant during the period
of study. The 1959 year-class was extremely weak on
(Gecorges Bank, but was well represented in the Gull of
Maine. The mean lengths of the awe-groups 1V and V
from the 1960 year-class were generally less than those
from other vear-classes; the slow growth and the apparent
high abundanee suggest that growth is density-dependent.
Differences in the peak of spawning and spawning seasons
among the areas were small.

Introduction

Until 1961 the traditional harvest of herring,
(Mupea harengus harengus L., in the Gulf of Maine
was largely from the inshore fishery for immature
fish (sardines); the only significant fishery for
adult herring was in southern Nova Scotia. In
1961, the USSR established a fishery for adult
herring on Georges Bank (offshore Gulf of Maine);
the annual cateh from that fishery has exceeded
the inshore catch for the State of Maine in every
yvear through 1965. The average catches for
these 5 years by the USSR and the State of Maine
were about 108,000 and 47,000 metric tons, re-
spectively. To date the development of the off-
shore fishery has given no evidence of any effect
on the sardine fishery. It is not known whether
the offshore spawning contributes to the inshore
populations of sardines, or if the adult populations
are diserete. One way to determine the relation-
ship of offshore and inshore populations of herring
is 1o compare the biological characteristies of fish
from known spawning sites. The data compared
in this report include information on age, length,
and gonadal stages of herring from the Gulf of
Maine and Georges Bank where the spawning

has been documented (Moore, 1898; Huntsman,
1919; MeNairn, 1933; Fish and Johnson, 1937;
Sanders, 1952; Bigelow and Schroeder, 1953;
Tibbo, 1957; Leim, 1958; Tibbo, Legare, Scatter-
good, and Temple, 1958; Colton and Temple,
1961).

Collection of Samples

Samples from the Gulf of Maine were divided
mnto two groups — those from the United States
coasial area between Cape Cod, Massachusetts,
and Eastport, Maine, and those from the southern
coast of Nova Ecolia between St. Mary's Bay
and Port Mouton (Fig. 1). The US areas are
referred to collectively as the Coastal Gulf of
Maine. Three sites provided the majority of the
samples: Hastport and Boothbay Harbor, Maine,
and Cape Cod, Massachugetts. Additional
samples were taken from Isles of Shoals, Matini-
cus, and Monhegan Island. Herring from Isles of
Shoals were available only during the spring and
late autumn, and herring from Matinicus and
Monhegan Islands were taken during the sum-
mer.

Samples from Nova Seotia were collected
from Trinity Ledges eastward o Port Mouton
in June-September. Samples of herring obtained
during May, October, and December were from
the 5t. Mary's Bay area on the western coast of
Nova Scotia.

In April, Georges Bank herring oceurred be-
tween the Southwest Part and Southeast Part of
the Bank and west of Cultivator Shoals, but
were absent from the Northern Part of the Bank.
In June and July, herring were cevenly dispersed
throughout the Bank; approximately equal
catches per unit of time were obtained from trawl
drags on the Southwest Part, Southcast Part,
Northeast Peak, Northern Edge, and the North-
crn Part as far west as Cultivator Shoals. OQOur
findings of herring throughout the Bank during

0.5, Bureau of Commercial Fisheries, Biological Laboratory, W. Boothbay Harbor, Maine 04575, USA.



5} IONAFR RESEARCH BULLETIN NUMBER 5. 1068
Ti0 70° 69° 68° 679 660 850 649
450 H 1 i L | 1 45°
EASTPORT
5 BAY OF
FUNDY
ST MARYS SCOTIA
. BAY
44° - 440
P MATINICUS IS. TRINITY PORT
LEDGES MOUTON
£ MONHEGAN |5, YARMOUTH
BOOTHBAY PUBNICO
HARBOR i
gh
43° . AINE L 430
ISLE OF SHOALs _1EF ¢ M
LAY
Ut \
NORTHERN EDGE
- ?EP‘L
CAPE COD < -7 ¢S’
429 | ?Va// \1 Qﬂ‘“-\ °
N y W —42
?’Q / ~
‘\\’\ e A
&~ |
o (’5 ;
CULTIVATOR ?~G i
A sHoaLs ot & ¢
L) A3 N A
e 6 P /
6 e
a0 ! 7
LITTLE GEORGES SOUTHEAST PART e
’f Ll
¢ -2
\\_. -
SOUTHWEST PART
o
40 | T ] T T T 409
e 70° 68° 68° &7° 66° &5° 649
Fig. I. Areas of sampling for berring on Georges Bank, eoastal Gull of Maine, and Nova Seotia.

TABLE 1. Length a1 age and perecentage of age composition [rom samples of herving eaught with gill nets, trawls, and
purse seines from Georges Bank, Coeastal Gulf of Maine, and Nova Seotia, June 1964. Number of fish in
parentheses.
(Georges Bank Joastal Gulf of Maine Nova Scotia
Gill net Duteh trawl Purse seine Jommereial irawl Gill net
(310; (762) (200) (52) (524)
Agos Average Average Average Average Average
group (A fength % length (24 length i length o length
cm cm ch cht chi
il 1 22.8 — — 5 23 .4 ) 21.8 — -
v 606G 26.5 3 26.7 K9 25.9 76 26.0 29 25.9
v 8 25.0 7 29.38 4 29 .4 11 28.9 9 28.5
Vi 20 30.2 21 30.2 2 3.2 8 30.4 22 30.3
VII 5 31.4 9 30.8 — — — — 27 31.4
VIII — — — — — —_ -— — 8 32.2
VI + — — — — — — — — 5 33.7
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June 1964 and 1985 differed from those of Bryvant-
sev (1966) who reported that herring did not
move in a northerly direction bevond the South-
cast Slope in June-July 19682, From August
through November. herring congregated on the
Northern 1Part of the Bank (west of Cultivator
Shoals to the Northern Edge).

Trawls were the principal gear for the ecol-
leetion of herring on Georges Bank. In waters
where trawling was not possible, we used gill
nets. In the Coastal Gulf of Maine, the majority
of the herring were obtained with trawls; cceasion-
al samples were collected from gill nets and purse
seittes.  Most of the fish were taken in waters
hevond the limit of the stop seines and weirs
which arc fished in the inshore fishery., Herring
from Nova Feotia were obtained primarily by
gill nets, but some eame from weirs.

The lengths of fish of the various age-groups
and the age compositions for herring caught with
the different gears used in each area were eom-
pared to determine whether there was any bias
because of seleetion of gear {(Table 1), Although
i detailed analysis of the selective action of the
gear is bevond the seope of this report, a limited
comparison of the tabulated data reveals no major
hias. Herring {exclusive of the immature fish}
caught with the various types of gear were similar
in size for a particular age-group, and the same
age-group (IV) dominated all the samples (weakly
in Nova Seotia) regardless of the gear used.

The commercial fishermen used nylon gill
nets with a mesh of 23- to 3-ineh (61- to 76-mm)
stretehed measure and generally eaught adult fish.
Aboard research vessels, gill nets ranged from 1 to
23 inches (25 to 70 mm) stretched mesh and
caught hoth immature and adult fish. Figher-
men on commereial dragegers caught herring with
trawls that had a stretched mesh of 2 inches
(51 mm} in the hody. and 1-ineh (25-min} liner
in the codend. Seclentists aboard the research
vessels caught herring with a Duteh herring trawl
that was Hned from belly to codend with a 1-inch
{(23-mm) streteched mesh.  The trawls caught all
sizes of herring., Samples from purse and stop
seines, and weirs (3- to 1-ineh stretched mesh -
6- 1o 25- mm) were not considered selective either
and contained fish of all age groups present on the
grounds. Fish of age-group 11 have been ineluded
in the Georges Bank data beeause they were taken
in sufficient abundance to help deseribe that popu-
lation.  To obtain an index of popuiation strue-

ture of the adult herring in Coastal Gulf of Maine,
age-groups Ill and upward were used; verv fow
fish of age-groups 1 and II (less than 150 fish)
were laken.  No fish of the age-groups I and 1
were obtained from Nova Seotia, and no fish of
age-group I from Georges Bank,

In 1960-65, 112 samples (9,880 herring)
from Georges Bank, 163 samples (11,435 herring)
from Coastal Gulf of Maine, and 81 samples
(7,436 herring) from Nova Scolia were obtained
for study (Table 2. Whenever possible, monthly
samples of at least 100 fish were coliected.
TABLE 2. XNumber of satiples and total number of
herring collected in difforent vears from
ieorges Bank, Coastal Gulf of Maine, and
Nova Seotia, 19680-65,

Coastal
Gulf of Maine Nova Seotia

Number of

Georges Bank

Number of Number of

Year Samples Fish  Samples  Fish  Samples  Pish
1960 b 571 1 106 b5} 384
1961 3 D88 6 282 4 49()
1962 13 1.080 1 251 7 850
1963 24 3,044 35 2,398 20 1,797
1964 30 2.549 46 3,505 20 1,787

1965 32 2,048 71 4,833 25 2128

Total 112 9880 160 11435 81 7.436

Age and Length

Age determinations were made from otoliths.
The age was recorded as the number of actual or
virtual summer growth zones on the otolith.
The year-class to whieh a fish belonged was also
recorded and refers o the yvear of deposition and
hatching of the majority of the eggs. [t was
assumed that all fish spawned in the autumn
were hatched before 1 January; for fish spawned
in the spring, hatehing took place between April
and June. Virtually all of the spawning, how-
ever, oceurred in the fall. In aceordance with
International Commission for the Northwest At-
lantiec Fisherics (ICNAF) procedures, all fish
older than age-group VIII were combined into a
VIIT+ category. Since the ! and 1l group fish
were eliminated from the Coastal Gulf of Maine
and Nova Seotia samples. the age seale is from 11
to VIII4+ for herring of Georges Bank, and T
to VIII 4 for herring from Coastal Gulf of Maine
and Nova Scotia (Fig. 2).
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Fig. 2. Apge and year-class composition of herring from Georges Bank, coastal Gulf of Maine, and Nova Secotia,
1960-65. Numbers of fish in parentheses.
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Fish were measured from the tip of the lower
jaw to the end of the longest lobe of the tail. with
the fish lving in a natural position (natural total
length). When the tail was damaged, fish were
measured from the tip of the lower jaw to the
silvery area on the caudal peduncle (standard
length), and the length was converted to natural
total length (TL = 2.80 + 1.157 3L, where SL. =
standard length in millimeters), Length data,
recorded to the nearest millimeter. have been
grouped inte l-em intervals.

Georges Bank

In 1960 -65. age-group IV was dominant in
the samples, followed in abundance by age-
groups V, III, and VI. (Fig. 2). The highest
frequency of cecurrence of age-group [V was in
1964 (1960 vear-class). The 1960 vear-class
entered the fishery in 1962 when it ranked third
in percentage occeurrence; in 1963-65 it ranked
first. The 1960 year-class belonged Lo age-group
IT in 1962, agegroup V in 1965. The 1960 year-
¢lass was not dominant or was absent from oe-
casional samples taken in arcas away from the
Banks. In a sample from 49°46'N lat, 67°50'W
long {June 1964), the 1958 and 1957 yvear-classes
tormed 61% of the sample, and the 1960 vear-
clags, 24%7. In a sample from 41°04'N lat,
66°12°W long (June 1965}, the 1858 and 1957
vear-classes formed 759 of the sample and ihe
1959 and older year-classes, 25%%; the 1960 yeur-
class was not represented.  In a sample from the
Northeast Peak in August 1964, the 1959 and
1958 year-classes accounted for 50% of the
sample; the 1960 vear-class, 269, It seemed evi-
dent from the above samples, that the fish school-
od aceording to age and {o size.

The distribution of immature fish appeared
to he restrieted to the Banks proper, and the
samples in which they dominated the eateh were
ohtamed from the vieinity of Cultivator and
(Gicorges Shoals and Northeast Little Georges.
Immature herring were not eaught farther cast
than Georges Shoals.  Apparently these fish pre-
fer the shallow arcas (20 fathoms or less) of the
Banks during the summer and early autumn,
possibly because the bottom temperatures are
higher than in the deeper areas as shown below.

Range in temperature {°C7)

Shallow Deeper
Month and year water water
June 1964 9.2-9.8 3.0-8.2
October 1964 13.1-15.1 4.8-13.1
September 1965

11.0 2.4--5.4

Comparable data are notl available for Coastal
Gulf of Maine and Nova Seotia.

The length of fish of each age-group inereased
from late spring through the summer, but during
spawning season, the mean lengths of & particular
age-group were frequently equal to or even less
than the mean lengths before the spawning season.
The apparcnt decrease of length in some samples
can be explained on the assumption ihat the larger
fish of an age-group spawn first. move off the
spawning grounds, and are replaced by the smaller
fish of the age-group. The dominance of the
smaller fish of age-groups persists in the samples
throughout the first few months of the following
vear. The last of the autumn spawning oceurs
at this time.

The mean length of a given age-group col-
leeted in August—Scptember did not vary more
than 1 em, among the year-classes, excepl for the
III-group fish (Table 3). The average increase
in annual length from the 111- to the IV-group
fish was 2.8 em; from the IV- to the V-group,
1.6 em; and from the V- to the VI-group fish,
1.3 cm.

Coastal Gulf of Maine

Evidence supports a separation of eastern
and western stocks of herring along the Gulf of
Maine. Sindermann (1959} reported differences
among parasites of herring in {he eastern and
wesiern areas, and Sherman (1966) found dif-
ferences in hydrographic conditions and abund-
ance of zooplankton. On the basis of these dif-
ferences, I have also divided herring samples from
the Coastal Gulf of Maine into western and cast-
ern groups.  In 1960-65. herring of age-group V
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TABLE 3.  Mean lengths {em) of herring of various age-groups and vear-classes
from Georges Bank in August-September, 1960-635.
Year of capture

Year-class 1960 1961* 1962 1963 1964 1965
1956

Age-group v ' VI VII VIII —

Length 27.6 20.3 30.6 31.4 33.0 —
1957

Agegroup 111 iv A VI VIl VII1

Length 25.6 278 293 30.4 32.1 33.3
1958

Age-group — 111 v v VI VII

Length —_ 24.9 27.8 20.4 30.6 32.0
1959

Age-group - —_ I11 v v VI

Length — — 255 27.9 29.4 30.8
1960

Age-group — — — 111 v v

Length — — — 24.3 27.3 28.9
1961

Age-group -— — — — III v

Length — —

— — 23.7 27.1

“Only data available were for Oectober.

dominated the samples in both sections (Fig. 2).
The order for other major age-groups was IV,
ITI, and VI in both seetions. The dominant
vear-class was always more abundant in the
eastern section than in the western section. In
both sections the 1960 vear-class was firstevident
in the samples in 1963 (age-group III) and was
dominant in 1964 and 1965 (age-groups IV and
V). The relative abundance of fish of the 1959
vear-class was greater along western and castern
Coastal Gulf of Maine than on Georges Bank.
In 1963 and 1965 fish of the dominant year-class
were plentiful in all samples. A few 1964 samples
from Provincetown, Massachusetts, and Boothhay
Harbor, Maine, were dominated by fish of the
1958 and 1959 vear-elasses, and fish of the 1960
vear-class made up less than 1097 of the collec-
tions.

The length frequeneies of fish from the west-
ern and eastern sections were similar in 1965 and
1963, but in 1964 differences between lengths of
fish from these sections were highly significant.
The mean length of fish of an age-group collected
in August-September did not vary more than 1
em among year-classes, except for IV-group fish
from the eastern section (Table 4). In the west-
ern section, the average inerease in annual length

from III- to the IV-group fish was 2.7 em; from
IV- to the V-group, 1.3 em; and from V- to the
Vl-group, 1.4 em. In the eastern section, the
average inerease in length from IV- to the V-
group was 1.4 em; and from V- to the VI-group,
1.5 em.

Nova Scotia

Herring of age-group V were dominant in the
samples in 1960-65 (Fig. 2) followed in pereentage
occurrence by age-groups VII, VI, and IV. Fish
in age-groups V and VIII were more abundant in
the samples than fish in age-group IV, except in
1961 and 1964. The 1960 vear-class which rank-
ed third in abundanee in 1963 (age-group ITI)
was dominant in 1964 and 1965. In general, the
samples from Nova Scotia contained a higher per-
centage of older fish than the samples from either
Georges Bank or the Gulf of Maine. The 1959
vear-class, as on Georges Bank, was noticeably
weak.

Although the 1960 year-class contributed
43¢, of all fish collected In 1965, some samples
from St. Mary's Bay, Port Mouton, and Locke-
port contained less than 109, of this yocar-class.
Fish of the 1958 and 1957 wcear-classes were
abundant in these ecollections, In 1964, the
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August-September, 1960-65 {W—Western Section, E—Eastern Section).

(<)

Mean lengths (em) of herring from various age-groups and year-classes from Coastal Gulf of Maine in

Y ear-class

Year of capture

1956
Age-group
Length

19567
Age-group
Length

1958
Age-group
Length

1959
Age-group
Length

1960
Age-group
Length

1961
Ape-group
Length

1960 1961 1962° 1963 1964 1965
W B W K W B w B W E W E
| L — v  — VI — VI VIl VIO VII - -
277 — 294 — 302  — 319 32.1 33.4 331 EE—
m - v — v — VI VI VIl VII  VII VI
950 — 9282 — 292  — 308 305 320 32.1  33.2 33.0
- — m - IV — LAY Vi VI VIl  VH
-—  — 2.7 — 214 — 205 200 308 306 3.9 32.0
N — R - IV IV vV v VI VI
- - — — 23— 280 279 296 206 309 30.8
R — - = — — nr I v v vV oV
- - — 252 231 278 266 292 289
EE— - — S — — mr — IV IV
EE— — = e — - 26 —

*Omnly data available were for (etober.

TABLE 5.

27.5 26.8

Mean lengths (em) of herring of various age-groups and year-classes

from Nova Seotia in August-September, 1960-65.

Year of capture

Year-class 1960 1661 1962 1963 1964 1965
1956

Ape-group v \4 VI VII VI —

Length 27.7 2.5 30.9 321 33.0 —
1957

Age-group — v v VI Vil VIII

Length — 27.49 29.1 30.8 32.0 33.4
1958

Age-group — — v v VI VII

Length — — 27.2 29.2 30.7 32.1
1959

Age-group — — — v A4 VI

Length — - — 27.2 29.6 30.9
1960

Age-group — — — 111 1V v

Length — — — 23.7 26.4 28.9
1961

Age-group — — — — — v

Length — — — — — 27.2
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1960 year-class was dominant. but some samples
from Port DMouton, Lockeport, and Pubnico
were dominated by the 1957 and 1958 year-
classes. The 1958 year-class dominated the
samples in 1963, but some samples from Trinity
Ledges, Carleton Village, and Yarmouth were
dominated hy the 1960, 1957, or 1956 vear-
clagses,

The range in lengthgs of herring of the various
vear-classes collected in August—September varied
little from year to year. The mean length of fish
for any age-group did not vary more than 1 em,
exeepl for [V-group fish (Table 5). The average
increase in length from age-group IV- to the
V-group was 2.0 em; from V- to the VI-group,
1.5 em.

Stages of Maturity

Most herring from Georges Bank, Coastal
Gulf of Maine, and Nova Scotia are mature at
age-group IV, although in some yvears large per-
centages of fish may mature at age-group III
{Table 6). The length of the fish at the time of
its first spawning did not differ appreciably be-
tween the sexes, Scattergood (1952) reported
the same for the herring he examined and stated,
“there seems to be no reason to bhelieve that the
size at maturity is markedly different between
males and females.” Although the lengths of
fish at the time of their first spawning varied
slightly from year to year and from area to area,
in gencral, fish of age-group 111 which had ma-
tured were approximately 26.0 em long. Fish
of age-group 1V which had matured were approxi-

TABLE 7.

mately 27.5 em long. The fish of age-group IV
whiech had not matured and which would not
spawn until the following year were usually less
than 27.0 em long.

TABLE 6. Percentage of mature herring for age-groups
[IT and IV coliected during the spawning
season from Georges Bank, Coastal Gulf of

Maine, and Nova Scotia, 1960-65.

Gonadal stages and the deseription of the gonads and eggs of herring in the various stages.”

Coastal
Georges Bank  Gulf of Maine Nova Seotia
Age-group Age-group Age-oroup
Year M Iv i 1v Ir Iv
1960 62 97 2 7 100
1961 6 87 o 92 a9h
1962 86 95 15 66 — 9
1963 33 97 27 96 7100
1964 9 93 1 02 - B4
1965 10 79 7

70 0 94

Data on state of gonads pooled for 1960-65
were compared by month for each of the three
areas, The maturity seale proposed by the In-
ternational Council for the Exploration of the
Sea in 1963 and adopted by HCNAFK in 1964 was
used in the eclassification of the various gonadal
stages (Table 7). Eight stages of gonadal de-
velopment were recorded, but to simplify the
comparison, the stages were grouped into four
categories: 1[I and T11 —- Maturing; IV and ¥V —
Full; VI and VII — Spawning and Recently
Spent; and VIII — Reecovering Spent.  Fish of
stage 1 were omitted from the comparisons.

Stage Description

I Virgin herring. CGionads very small, threadtike, 2-3 mm broad. Ovaries winered. Testes whitish or grey hrown.

I Virgin herring with small sexual organs. The height of ovaries and testes about 3-8 mm. Eggs not visible to
the naked eye but can be seen with magnilying glass. Ovaries a bright red colour; testes a reddish grey colour.

Il CGronads oceupying about half of the ventral cavisy. Breadth of sexual organs between -2 em.  Kggs small hut
ean be distinguished with naked eye. Ovaries orange; testes reddish grey or greyish.

IV (3onads almost as long as body cavity. Eggs larger, varyving in size, opagque. Ovaries orange or pale vellow;
testes whitish.

v Gonads fill body eavity. Bggs large, round; some transparent. Ovaries yellowish; testes mnilkewhite,  Fggs and
sperin do not flow, but sperm can be extruded by pressure.

Vi Ripe gonads. Hgegs transparent; testes white; eggs and sperm flow {reely.

VII Speut herring. Gonads baggy and bloodshot., Owaries empiy or eontaining only a few residual eggs. Testes
may eontain remains of sperm.

V11 Reeovering spents. Ovaries and testes firm and larger than in virgin herring in stage [1.  HKggs not visible to

naked eye. Walis of gonads striated; blood vessels prominent. (Gonads wine red eolour,  {This stage passes

into stage I11.)

*Deseriptions are verbatim {rom the offieial ICNAF definition.
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Georges Bank

During the first 7 months of the year most
herring were maturing (Fig. 3).  The perceniage
of maturing fish decreased in August and reached
4 minimum in September. The number of ma-
turing fish inereased gradually from late October
through December due to an influx of virgin her-
ring. The first full fish were taken in April;
theyv reached their peak by August, and decreased
during September and October. Spawning began
in the latter part of August and yolk-sac larvac
were first collected in September. The percentage
occurrence of spawning fish mereased through
September.  Spawning and recently spent fish
were usually in the majority during October and
were still present in January. Recovering spent
fish were first collected in September and numbers
increased during the iate sutumn. Recovering
gspent fish also were collected from January to
April,

JUN

JuL AUG  SEP oCcT NOV  DEC

Annual trend in gonadal stages of herring from Georges Bank, coastal Gull of Maine. and Nova Seotia, 1960 65
(pooled datai.

Coastal Gulf of Maine

As on Georges Bank. most herring were ma-
turing during the first 7 months of the year
(Fig. 3). Full fish, first taken in March, in-
creased through July, and reached their maximum
frequency by August. The number declined
sharply in September and only a few full fish
were caught in October and November. The cap-
ture of a few spawning fish (less than 2% of those
sampled) from Eastport, Maine, and Cape Cod,
Massachusetts, during the spring and early sum-
mer indicates some spring spawning. The per-
centage of spawning fish in the monthly samples
was highest in SBeptember in 1964 and 1965 and in
October in 1963. The onset of spawning was
during August in 1964 and 1965, and in Sep-
tember in 1963. The percentage of spawning
fish deereased from November through March.
The collection of recovering spent fish during
most months provided additional evidence of
limited spring spawning in the coastal waters.
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Fig. 4. Lengths of herring of age-group IV from Georges Bank, coastal (Gull of Maine and Nova Seotia

in August, 1960-63.



BOYAR: AGE, LENGTH, AND QONADAL STAGES OF HERRING 59

RANGE

MEAN (I NOVA SCOTIA

2 S.D. Bl GEORGES BANK

2S.E. EZE COASTAL GULF of MAINE (WESTERN)

I I 1

1960 N S

1961

1962 i i

@

< |

i ] I ]

p

1963

1964
|

1965

T | | | 'l—]_‘l—|—]_“"‘“| ] !
26 27 28 29 30 31

TOTAL LENGTH {cm )

Fig. 5.

Lengths of herring of age-group V from Georges Bank, evastal Gulf of Maine, and Nova Secotia
in August, 1960-65.
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Nova Scotia

Most samples from Nova Scotia were col-
lected from May to October (Fig. 3). Most fish
were maturing in June, and by August the per-
centage of mature fish had decrcased consider-
ably. Full fish were first collected in May. and
predominated in July and August. The capture
of a few spawning fish in late spring and early
sununer suggesls some spring-summer spawning,
Autumn spawning began in August, and as indi-
cated by the percentage of full fish in September,
reached its peak during October. A few recover-
ing spent fish taken in September provide addi-
ticnal evidence that the peak of spawning came
tater than September. The high incidence (over
80¢7) of full fish (stage V) in the sample of May
1962 suggests that these fish would have spawned
in the spring.  These fish were taken from Si.
Mary’s Bay. The presence of several fish in
stage VII1 in July samples indicates that they
had spawned sometime 1n the spring.

Comparison of Maturity, Age, and
Length Frequency Distributions

Even before the start of the extensive off-
shore fishery on (Georges Bank, biologists in the
Northwest Atlantie were interested in the rela-
tionghips among the populations of herring from
Georges Bank and the Gulf of Maine (Tibbo ¢t af.,
1958; Sindermann, 1959; Colton and Temple,
1961). Basic information on the biology of adult
herring from Nova Scotia had been documented
{Tibbo, 1957}, but knowledge about aduli herring
from C(leorges Bank and the Coastal Gulf of
Maine, until recent years, had been almost neg-
ligible. The present report, based on herring
collected in 1960-65. provides additional infor-
mation on the biology of adult herring from these
areas.

The 1V- and V-group fish dominated the
samples in the three areas for every year except
1965. when age-group Il was dominant on
Georges Bank and in 1960 and 1962 when age-
group 1I1 was dominant in the Coastal Gulf of
Maine. The 1960 year-class dominated the
samples in the three areas in 1965 and 1964. The
1960 year-class was dominant on Georges Bank
in 1963 and the 1958 vear-class was dominant in
the Coastal Gulf of Maine and Nova Seotia. In
1962, the 1958 vear-class dominated on Georges
Bank, the 1957 year-class in Nova Seotia, and the
1959 vear-class in the Coastal Gulf of Maine,
The 1957 vear-class dominated the samples from

all three areas in 1961. In 1960, the 1955 year-
class was dominant on Georges Bank and off
Nova Seotia, but the 1957 yvear-class dominated
the samples from Coastal Gulf of Maine,

The mean lengtlhs of fish from the 1960 yvear-
class in August 1964 and 1965 were less than the
mean lengths of agegroups IV and V collected
in the other years, except for age-group IV from
the Coastal Gulf of Maine in 1965 (Fig. 4 and 5).
The mean lengths of age-groups IV and V from
the Coastal Gulf of Maine were cousistently great-
er than those of fish of the same age from Georges
Bank; the Georges Bank fish, except in 1964,
were longer than fish from Nova Scotia.

The mean lengths of fish of the 1960 vear-
class were generally smaller than those of fish of
the same age from other vear-classcs. Because
the 1960 year-class was dominant in many
samples, the growth may be density-dependent.
The 1959 year-class which dominated the samples
in Coastal Gulf of Maine during 1962 and ranked
second in oceurrence in 1963 was extremely weak
in the other two arcas. In no vear did it rank
higher than fourth in either Ceorges Bank or
Nava Scotia.

Differences in spawning time of herring were
shight. From 1960 through 1965, herring from
Georges Bank and Nova Scotia began to spawn in
August; in Coastal Gulf of Maine, the spawning
began either in August or September. The peak
of spawning on Georges Bank and Nova Scotia
always eame in October. The peak of spawning
in Coastal Gulf of Maine was in Qelober in some
vears, and September in others. Evidence is lack-
ing for any spring spawning on Georges Bank.
but a few spring spawters were collected in Coastal
Gulf of Maine and in Nova Scotia.

The differences in age ecomposition and length
of fish of a given year-class and the slight dif-
ferences in spawning time, along with the olbvious
geographic separation of the three spawning
stoeks studied, suggest that the stoeks may be
independent subpopulations. Before conclusions
can be reached as to the discreteness of each
spawning stoek. data from merislie characters
and other racial information must be analyvzed.
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Distribution and Characteristics of Atlantic Salmon Over Qceanic
Depths and on the Bank and Shelf Slope Areas off
Newfoundland, March-May, 1966

BY WILFRED TEMPLEMAN '

Abstract

Between 21 Marel and 1 May 1966, 45 Atlaniie
salmon were caught in eight surface drift-net nizht sets
vast and southeast of the Newfoundland area over depths
ereater than 1,800 ni.

Some salmon were caught in all sets with surface
temperatutes between 3.7° and 6.1°C but none in a set
on the eastorn border of the area with a surfaee tempera-
ture of 9.2°CC,  The salmon were all captured in the upper
1.5 m ol the nets.

Bighty-four per cent of the salmon were 2-gsea-vear
fish and 4f¢ had spawned previously. River life was
mainly 2 4 vears. Cutted weights were 8).777 of round
welghts.

In a comparison with salmon taken by the author in
the Labrador Sea-West Greenland in Julv-Aueust 1965
no distinet differences were noted in body proportions,
and of the meristie charaeters only gill rakers and pece-
toral fin-rav numbers were significantly different.  There
were also some differenees in parasitie infestations.

Food was 959 fish, the main diet heing the para-
topid, Paralepis coregonoides and lantern f{ish, especially
Notoscopelus,  There was less food in the stomachs than
i the Labrador Sea-West Greenland salmon during
July-August 1965 and much less than in salinon from the
West Greenland banks in August 1965,
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Fig. 1. Numbers, fork lengths (em), river and sea life of Atlantie salmon caught in surface drift nets in night sets by the

A.T. Cameron, 21 March-1 May 1966 at the positions, dates and surface temperatures indicated.

{a = spawned at 1+ sea years,)
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Introduction

Tn July—August 1965 (Templeman, 1967)
salmon were caught from the A, T. Cameron by
drift net over oceanic depths in the Labrador Sea.

Retween 21 March and 1 May 1966, seven
surface drift-net might sets, each with 21-22 syn-
thetic (mainly Ulstron) nets ranging from 83 to
%9 mm mesh (1 to 2 nets only and not in all sets)
and from 114 to 152 mm stretched mesh, were
made in the Labrador Sea east of southern Labra-
dor, east of the Northeast Newfoundland Shelf,
and north of the Grand Bank and Flemish Cap,
all over water deeper than 1,000 fathoms
(1,800 m). A similar set was also made off the
southwestern Grand Bank beyond the 1,000
fathom (1,800 m) isobath (Fig, 1). A preliminary
brief acecount of this work was presented in
Templeman (MS, 1966).

Materials and Methods

The twine used, the methods of handling the
nets and of examination were generally similar
to those deseribed In Templeman (1967), but in
1066 the fish were frozen at sea, thawed in flaked
jce at the Biological Station (St. John's) several
days to 2 weeks later and the final measurements,
weights, and detailed examinations were then ear-
ried out at the Station, Sea measurements and
round weights were also taken. The numbers
and the locations of attachment of the copepod,
Lepeophthirus salmonis were observed at sea.

Standard lengths were taken on ameasuring
board from the anterior tip of the snout, with the
mouth closed, to the posterior end of the hypurals
as judged from the erease formed in the tail when
the caudal fin was bent sharply upward.

Unless otherwise stated the lengths of salmon
mentioned in this paper are fork lengths measured
on a measuring board from the most anterior
point, the snout with the mouth closed, to the
posterior end of the mid-fork of the caudal fin.

Gutted weights were taken ag in 1965 with
all the viscera removed but with the gills remain-
ing. The Toledo balance used was checked at
intervals and was aceurate to the nearest ounce or
half-ounce.

Results

Fishing localities and catches

Forty-five salmon were caught (Fig. 1, Tables
1, 2). Some salmon were caught in all sets with

surface temperatures between 3.7° and 6.1°C
but none in a set on the eastern border of the area
with a surface temperature of 9.2°C., The most
northerly stations at the mid-mouth of the
Labrador Sea were in the same general location
where salmon were caught by the A. T. Cameron
in July 1965 (Templeman, 1967), The greatest
numbers of salmon were found closer to rather
than more seaward from the 1,000 fathom
(1,800 m) isobath. The salmon caught east of the
Labrador Shelf in March were on the average
larger than those caught off the northeastern
Newfoundland Shelf in April.

Location of salmon in net

The salmon were all captured in the upper
5 ft (1.5 m) of the nets of which three were 2.4—
3.2 m and the remainder (18-19) were 4.4-5.0 m
deep. Even in this upper 1.5 m most salmon
were near the surface, the distribution of capture
in each foot of the first 5 ft (1.5 m) from the
surface heing 16, 15, 5, 3, 3 respeetively.

There was little evidence from the captures
that the salmon were moving in close schools,
The individuals of one pair were 3.7 m apart and
the individuals of two pairs 5.5 m apart. The
remaining spaces between pairs of individuals
were approximately : 28 m (1}, 31 m (2}, 50 m
(5), 8¢ m (3), 140 m (10). 240 m (5), 380 m (2),
530 m (4), and 690 m (2).

Comparative salmon catches in nets of
different mesh sizes

No salmon were caught in the 3j-inch-{89-

mm) mesh-trout net nor in the 3}-inch-(83-
mm) mesh-mackerel net. The 5-6-inch {127-
152-mm) mesh nets eaught more salmon, larger
salmon and a greater weight of salmon per
net set than the 4i-inch- (114-mm-) mesh nets
(Table 3). The same number of 43-inch nets {12)
was used at cach set and approximately the same
number (8-10) of 5-6-inch nets. The 3;-33-inch
nets were 4.3 m deep. Ten of the 44-inch nets
were 4.4 m deep and two were 3.2 m deep,  Eight
of the 5-51-inch nets were 5.0 m decp, one 53-inch
net was 4.6 m deep and the 6-inch net was 24 m
deep. Since no salmon were caught in any net
below 1.53 m it is unlikely that the comparative
catches of the 4% inch and the larger mesh nets
were greatly affected by differences in the depth
of the nets.
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Fig. 2. Atlantic salmon taken by the A, 7. Cameron in surface drift nets in the Labrador S8ea, 18 149 July, 1965 (A and
Bjand (G west of Cape Farewell 21 22 August, 1965: {A) 600 mun furk lengeh, female immature, 2.0 kg round
weight, sea age L+ vears; (B) 340 mm lork length, male immature, 1.4 kg roud weight, sea age 14 vears:

{C; 707 mm fork length, female immature, 4.1 ke round weight., sea age 14+ vears,

Condition of salmon as taken from the net

Salmon taken by drift net were often in poor
congition when taken on board the A. 7. Cam-
erorn.  The salmon of Fig, 2A and 2B were taken
on board 1 a strong wind of about 55 km perhour
and were dead and in poor condition with most
of the scales absent by the time they came on
hoard. They show severe net sears.  Other fish
were i1l belter condition with regard to seale cov-
ering when captured {(Fig. 2C. 3). Iun all eases
the photographs were taken at the Biologieal

Station after freezing and thawing the specimens
and in addition the fish of Fig. 2\ and 2B were
gutted at sea and thus were 1n gutted condition
whoen the photographs were taken.  The larger
fish were meshed more anteriorly and this often
appearcd to produce less serious net effects than
when there was greater mesh penelration.  Fish
caught as far back as around the operculum,
however, often had  serious injuries  dorsally
through cutting by the meshes during strugeles
by the fish and retrieval of the net.
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i

Fig. 3. Atlantic salmon taken by the A. 1. Cameron in surface drift nets in the Labrador Sea, 23 Mareh 1966:  (A) 668

mm fork length, male immature, 2.8 kg round weight, sea age 2+ years; (B) 718 mm fork length, male immature,

3.8 kg round weight, sea age 2+ years; (C) 756 mm fork length, male spawned at 1+ sea years and now in
immature condition, 3.7 kg round weight, sca age 3+ years.

The March~May 1966 fish were generally in
better condition on caplure with better retention
of scales than those of July—-August 1965. Tt is
possible that the fish caught in March—April 1966,
being ¢loser to entering the rivers for spawning,
had a thicker epidermis, and that providing suit-
able methods of capture had been employed,
tagging would have been more successful at this
time than from the July—August 1965 eaptures,

{in the Labrador Sea-West (reenland area) which
were not so close to spawning, It is also possible
that by 1966 the fishcrmen on the A. T. Cameron
had learnt how to handle the drift nets bettoer
OIl TeCOVery.

Male salmon for both perieds (Fig. 2, 3)
showed no apparent difference in anterior lower
jaw development beyond that in the females.
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Age and length

Most of the salmon (84%) were 2-sea-year
fish (Fig. 1, Table 4). There were 99 1-sea-year
and 7%, 3-sea-year fish. Two of the 2-sea-year
and two of the 3-sea-vear fish had spawned in
their 1+ year as grilse. Fork lengths of the 1-sea-
vear fish ranged from 480 to 585 mm, of the 2-
sea-year fish from 599 to 788 mm but mainly
between 645 and 744 mm. The two 2-sea-yvear
salmon which had spawned previously as grilse
were toward the lower part of the length range of
the 2-sea-vear fish. Fork lengths of the 3-sea-vear
fish ranged from 710 to 874 mm, the single fish
which had not spawned previously being consid-
erably larger than the two which had spawned as
grilse.

River life was 249, 2; 40%, 3; 319, 4;
and 49, 5 years.

There is a possibility that the growth of each
sea-year group of salmon is affected adversely by
the presence of tapeworms and by the quantity of
tapeworms present (Table 5). Only the 2-sea-
vear group was numerous enough to be worthy
of this eomparison.

Length-weight

Whole weight (measured at the Station) in-
creased from about 1.3 kg at 500 mm fork length
to about 4.1 kg at 750 mm. The largest salmon,
at 874 mm, weighed 7.7 kg (Fig. 4).

Three l-sea-year fish ranged in round weight
from 1.2 to 2.1 kg, 38 2-sea-year fish from 2.4 to
4.5 kg and three 3-sea-year fish (the two smaller
spawning as grilse) from 3.5 to 7.7 kg. The aver-
age round weight of 44 salmon at sea immediately
after capture, 3.31 kg, was only slightly higher
than the weight at the Station, 3.27 kg.

In view of the small numbers and the con-
siderable individual variation in weight, there are
no great differences in weight in the places and
times sampled but there is a weak tendency for
most individuals caught in the Labrador Sea in
Mareh to be lower in weight. In the small numb-
ers examined there arc no obvious sex differences
in weight. Three of 1-, 2-, and 3-sea-year fish
which spawned as grilse are close to or slightly
above the average weight curve and the largest is
below but not more so than some of the maiden
fish,

Average gutted weights as percentages of
whole weights for salmon of lengths to mid-fork
i mm of 485-648, 650679, 680-720, 721-788,
and 721-874 were {(number of fish in parentheses):
80.0(11}, 88.8(11}, 89.6(11), 91.2(10), 91.4(11),
overall 89.7(44).

The weight curves are not greatly different
from those for the 1965 Labrador Sea-West Green-
land salmon (taken-from Templeman, 1967, and
superimposed in Fig. 4) but weights are higher
at the smaller sizes for the 1966 salmon.

The presence of tapeworms in the pylorie
caeca and intestine, and quantities of tapeworms
as high as 38-49 ce per salmon did not have any
noticeable effect on the salmon round or gutted
weight relative to salmon of similar lengths with
no tapeworms or with only small infestations.

Body proportions

Greatest length. The greatest length to the
tip of the upper or the lower lobe of the eaudal fin,
extending direetly backwards, declined from about
107.5% of the fork length at the smaller to about
106.5%, at the larger sizes (Fig. 5A).

In @ males and 19 females {(total 28} the
greatest length was to the tip of the upper caudal

TABLE 5. TRelation of length of Atlantic salmon with 2 sea-years, caught by the_A. T. C'grzae:~ora east z‘md squt-heast of the
Newfoundland zrea 21 March—1 May 1966, to volumes of tapeworms in pyloric casca and intestine,
{(* = spawned at 1 4 years.)

Quantities of tapeworms present

Average volume Average volume tapeworms

Fork length tin order of increasing length Total salmon Total tapeworms per ke salmon

of salmon of salmon with 2 sea years) with tapeworms salmon per salmon gutted weight
mne ec No. No. cc cc
599-650 14, 33*, 9.5, 26, 22, 7, 30, 23%, 24 9 9 20.9 5.6
651-679 26, 6.5, 20.5, 41, 25, 39,9, 0, 2, 49 9 10 21.8 8.1
680-720 5.5,7,0,0,10, 10, 32.5, 9, 22, 25 L] 10 12.1 4.1
7T21-7T88 22.38,0,0,0,0,34,0,0 3 9 10.4 3.1
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Fig. 4. Length-weight relationships of Atlantie salmon from east and southeast of Newfoundland, 21 Mareh | May
1966.  (The dashed lines show the round and gutted weights of the Labrador Sea-West Greenland salmon.
July-August 1965, Templeman, 1967).

lobe; in 3 males and 3 females (total 6) the greatest
lengths to the tips of the upper and of the lower
caudal lobes were equal; and in 1 male and 6 fe-
males (total 7} the greatest length was to the tip
of the lower caudal lobe. On the average the
greatest length to the tip of the upper lobe in 41
fish was 0.27% greater in terms of total length to
the mid-fork than that to the tip of the lower
lobe.

Standard length. Standard length for 14
salmon 485-659 mm fork length was 91.09; of

fork length, for 14 salmon 665 695 mm fork
length it was 91.307 of fork tength, and for 15
salmon 722-874 mm fork length it was 91.0% of
the fork length. Overall for 43 fish the standard
length was 91.19 of the total length to the mid-
fork of the caudal fin. There was thus in these
fish no change of relative standard length with
inerease in fork length, and plotting body pro-
portions relative to fork length should on the
average be approximately as suitable as plotting
them against standard length. 'The policy of
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plotting them against fork length has been fol-
lowed so that they may be compared with the
data for 1965 (Templeman. 1967) for which no
standard lengths are available.

Sea lengths und Station lengths. The fork
length was measured on a measuring board to
the nearest millimetre fresh at sea. The fish
were frozen on board ship and measured on shore
a few days to 2 weeks later after thawing in flaked
ice. For 44 salmon, fork lengths measured at sea
averaged 689.8 mm and on shore 681.5 mm.

Pectoral length. The pectoral length rela-
tive to the fork length (Fig. 5B) deelines from
about 139 at the smaller to about 129 at the
larger fish lengths. In these small numbers
there is no apparent difference bhetween areas or
sexes.

Head length. The trend in relative head
length (Fig. 5C) with increasing fish length is un-
certain. 1t mayv hold level at about 199, and
on the average from these data head length is
188 fork length. The small number of fish
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from the southwestern slope of the Grand Bank
are toward the lower part of the distribution of
head length compared with the fish from the more
northern areas.

Girth. There 15 no indication that greatest
girth changes in relation to the fork length with
increase in fish length (Fig. 6C). The opercular
girths of the smaller fish are above the average
(Fig. 61)) but this was not the case in the Labrador
Sea and West Greenland fish (Templeman, 1967,
fig. 6D). Hence with the small numbers available
here it cannot be assumed that relative girth
changes with fish length. The largest specimen
of these data (Fig. 6C and D) as well as the two
large specimens of 800 mm and over in the 1965
data {Templeman, 1967, tig. 6C and D} were well
above the average in relative girth. Many other
fishes increase in relative girth with length but
the numbers of large fish here are too few to
reach a conclusion.

The lowest girths were for salmon from the
Labrador Sea 21-24 March, the next lowest from
east of the Northeast Newfoundland Shelf and
north of the Grand Bank 10-16 April, and the
highest from southwest of the Grand Bank, 30

April-1 May. The girths of females were slightly
higher than those of males. Owerall the oper-
cular girth for 43 fish was 42.99; and the maxi-
mum girth 52.1% of the fork length (Table 6).
With the small numbers of fish, all of these com-
parisons are presented to be compared with data
of other investigators rather than to prove the
statements regarding them. The small numbers
in any length class and the possibility of changes
in relative girths with increase in length do not
make statistical comparisons worthwhile.

Average girths for salmon from the Labrador
Sea-West Greenland for July—August 1965 (Table
6) were generally similar to those of March—May
1966 but again there was considerable difference
between areas and times as shown in Table 6 and
described and discussed by Templeman (1967).

A few fish (Fig. 6B) were caught close to
their greatest girth and the greatest girth of sev-
eral of the smaller fish was below the mesh eir-
cumference of the 53-inch (140-mm), and the
6-inch (152-mm) nets and thus could have passed
through the meshes of these nets. The two
smallest fish could probably have passed through
the 5-ineh (127-mm) meshes also (Fig. 6A).

TABLE 6. Atlantic salmon 19685-66—opercular girth and greatest girth as pereentages of total length to end of mid-fork
of the eaudal fin (No. of fish in parentheses).

Average of
per cent opercular
girth of fork length

Average of per cent
greatest girth
of fork length

Male Female Total Male Female Total
Lahrador Sea, 21-24 March 1966 41.9(6) 42.4(9) 42 2(15) 51.2(6) 50.4(%H 50.7(15)
Flemish Cap, 28-29 March 1966 43 .41 44 3{1) 43.9(2) 52.1(1; 56.0(1) 54. 142}
E of NE Nfld. Shelf and N of the

Grand Bank, 10-16 April 1966 42.7(7) 42 .9(12) 42 .9(19) 51.3(7) 52.4(12) 52.0019)
SW Grand Banlk, 30 April-1 May 1966 44.1(7) 44.1(7) 54.9(7) 54.9(7)
Labrador Sea, 19-20 July 1965 41.1(3) 43.0(2) 41.8(5) 47.8(3) 52.7(2) 49.7(5)
W Greenland banks, 5-16 Aug. 1965 44.0(5) 43 .58} 43.7(13) 53.9(%) 54.9(8) 54.5(13)
W of C. Farewell and C. Desolation,

21-22 Aug. 1965 41.3(4) 41.5(11) 41.5(15) 50.2(4) 50.9(11) 50.7(15)
Labrador Sea, 22-23 Aug. 1965 44.3(1) 43.4(2) 43.7(3) 56.3(1) 54.4(2) 55.0(3)
Total: 21 March-1 May 1966 42 4(14) 43.1{29) 42 9(43) 51.3(14) 52.5(29; 52.1(43)
Total: 19 July-23 Aug. 1965 42.5(13) 42.5(23) 42 5(36) 51.5(13) 52.8(23) 52.3(36)
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Meristic characters

The numbers of salmon from the various
areas are too small to make definite statements of
differences in meristic characters. However, it is
indiecated (Table 7) that vertebral numbers,
dorsal fin-ray and gill-raker counts may be lower
i the fish from the southwestern slope of the
(Grand Bank than in those from the northern areas
— off Labrador, east of the Northeast Newfound-
land Shelf and north of the Grand Bank.

ICNAF RESEARCH BULLETIN NUMBER 5, 1968

Sex ratio and stage of sexual maturity

Of the maiden fish, 689 of the tolal and 73%;
older than 1-sea-year were females.

All males were immature or (for the previous-
ly spent fish) in immature condition. Testes
were pink or reddish pink, the volume of hoth
testes ranging from 1 ¢e for the smallest fish to
3.7-4.5 cc for the largest.
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Fig. 7. Egg diameters, and lengths and volumes of ovaries of Atlantie salmon of various fork lengths taken east and

southeast of Newfoundland, 21 Mareh-1 May 1966.
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All females were immature or {for the previ-
ously spent female) in immature condition, with
egg diameters ranging from 0.8 to 1.5 mm (Fig. 7)
and ovarian volumes from 7 to 39 cc {all except
two, 7-18 ce¢), In most individuals, however,
hoth eggs and ovaries were beginning to enlarge
slightly.

The left ovary was the longer in 19 of 30 fish.
In 11 fish the right ovary was the longer. In
volume the left was greater i 16, in 7 the right
was greater and in 7 both ovaries were approxi-
mately equal. The average ovarian length rela-
tive to fish length to the mid-fork, in 26 females,
was 16,09, for the left and 15.09 for the right
ovary. The average ovarian volume in 29 fe-
males was 7.9 ce for the left and 7.3 ce for the
right ovary.

Food

Food in the stomachs was mainly (95%7) fish,
the most important being the paralepid, Para-
lepis coregonoides, and lantern fishes, especially
Notoscopelus sp. and Lempanyctus sp. Note-
worthy among the invertebrate food were small
amounts of arctic squid, Gonatus fabricii; pelagic
shrimp, Pasiphaca multideniata; pelagic amphi-
pods, Parathemisto; and euphausids (Table 8).

No very large fish or invertebrates werc
present in the stomachs, but there was a consid-
erable range in food size. The largest fish were
Paralepis coregonoides, usually 250-300 mm long,
and sceondly the lantern fishes, Lampanyctus,
up to 136 mm in length, and Notoscopelus. In-
vertebrates as small as pelagie amphipods, Para-
themisto, down to about 1 em in length and 0.1
¢e in volume were eaten in small numbers.

The intestines all contained mainly remains
of small fish and were usually filled chiefly with
bones of these fish of the same size found in the
stomachs.

Parasites

Sea lice, Lepeophtheirus salmonis. These ex-
ternal copepods were present on 759 of 16
salmon from east of Hamilton Inlet Bank 21-24
March, on 77¢ of 22 salmon from cast of the
Northeast Newfoundland Shelf to Flemish Cap
28 Mareh-16 April, and on 719 of 7 salmon from
the southwest slope of the Grand Bank 30 April-
1 May. In the overall total they were present on
7657 of 45 salmon and were mainly females with

large egg sacs, but some males were present. The
number of parasites ranged from 3.3 per salmon
and 4.6 per infested salmon off the southwest
Grand Bank to 5.8 per salmon and 7.7 per in-
fested salmon in the Labrador Sea east of Hamil-
ton Inlet Bank (Table 9).

Both in 1965 and 1966 these Lepeophtheirus
copepods were most numerous on the body near
the base of and immediately posterior to the anal
fin (Fig. 8, 9). The remainder were mostly situ-
ated dorsally and mainly posterior to the greatest
girth of the body which is near the anterior border
of the dorsal fin.

Numbers of parasites and of fish parasitised,
and distribution of the copepods are certainly
minimal sinee some copepods would have been
lost in the gill nets, especially from the part of the
body anterior to the first dorsal.

Salmon gill-mageot, Salmineola salmonea.
Gills of all salmon were examined for this parasite
and only one was found, a normal sized female
without egg sacs (length excluding maxillary
arms 4.6 mm) on a male salmon 480 mm fork
length with 1 year at sea and no indication of
spawning marks. The parasite was attached to a
gill filament on the anterior face of the lower limb
of the first left branchial arch and at least 9 gill
filaments in the vieinity of attachment had the
distal two-thirds eaten away.

Eubothrium crassum. Sevenly-one per cent
of the 45 salmon possessed tapceworms, Fubolh-
rium crassum in the pylorie caeca and intestines
(Table 10), In the northern arca east of Hamil-
ton Inlet Bank, 56%, of 16 salmon carried tape-
wormns. In the area somewhat farther south.
from east of the Northeast Newfoundiand Sheif
to Flemish Cap, 839 of 22 salmon posscssed tape-
worms and southwest of the Grand Bank 719
of 7 salmon carried tapeworms. These numbers
of salmon especially southwest of the Grand Bank
ate too small to provide more than an indication
of the true percentage of infestation. The
quantity of tapeworms present in a single fish
ranged from 1 to 49 ec,

There 1s an indieation also thal more fish
of the higher river ages carry tapeworms — 629%
of 29 fish at 2-3 vears river life and 88¢7 of 16
fish at 4-5 vears river life. There is, however,
no indication that the amounts of tapeworms
present (Table 10) increase with a longer period
of river life.
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TABLE &S, Stomach and intestinal eontents of Atlantie salmon from surface drilt-net sets east and southeast of Newlound-
land, 21 March 1 May 1966. (Numbers of food individuals in parentheses. 1Portions only were sometimes
present but were counted when they represented individual orgzanisms.)

Labrador Sea, North slope E of NE Nfld.

E of Hamilton of Shelf and N SW slope of
Inlet Bank Flemish Cap of Grand Bank irand Bank Total
Date 1966: 21-24 March  28-29 Mareh 10-16 April 30 April 1 May 21 March 1 May

Depth to bottom (m): 3,060-3,660 2,200 2.130 2,150 2710 2130 3,660

No. salmon stomachs with contents

Empty 2 3 1 £
Arctie squid (Gonatus fabricid) 3 ... L - 4
Part of arm of squid { Histieteuthidae) S - . 1 [
Piece of squid pen . . 1 t
Awmphipod (Eurythenes sp.) 1 !
Pelagic amphipod (Parathemista

abyssorunt) . - 1 1
Pelagic amphipod ( Parathenisio

gowdichadt) 1 1 2
Pelagic amphipod (Parathemisto (ibellwia) . .. 2 2
Pelagic amphipod (Parathemistio sp.) 2 4 04
Euphausiid (M eganycliphanes norvegica) ... 1 !
Euphausiid 1 2 3
Pelagic shrimp {Pasiphaea multidentatn) 1 i 2
Shrimp 1 . I
Paralepis coregonotdes 1 1 7 2 I
Lantern lish (Benthosema glaciale) 2 .. 2
Lantern fish { Hierops arctica) 1 |
Lantern {1sh (Lampanyctus :-sp.) . 2 2
Lantern fish (Noloscopelns sp.} 4 1 1 8
Lantern fish - 1 2 1 1
Launee (Ammodyies sp.) . L . | 1
Pelagie fish (Bathylagus sp.7) - L I
Pelagie fish 3 . . - 3
Fish fragments 3 i 5] 2 12

No. salmon intestines with contents

[ntestine eontaining hones of small
fish, mainly vertebrae with some

vloliths and jaw bones, seales, ete. 14 2 20 45

-]
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TABLE 8. {eontirued)

Lahracor Sea, North slope  E of NE Nfld.

E of Hamilton ol Shelf and N SW slope of
Inlet Bank Flemish Cap of Grand Bank  Grand Bank Total
Date 1966 21-24 Mareh  28-2% March 10 16 April 30 April -1 Maxy 21 March-1 May

Depth to hottom (o): 3,060-3,660 2,200 2,130 2,150 2,710 2,130-3.,660

Total quantity (ee) in stomachs (No. of individuals)

Aretie squid (Fonatus fabricit) 16.3 (4 . 1.5 (2) - 17.% (6
Part of arm of squid { Histiotedthidae) . L. L. 2.0 (1} 2.0 (1
Ticee of squid pen . Ca 0.1 (1) ... 0.1 (1)
Amphipod (FEurythenes sp.} 0.1 (1) A e o 0.1
Pdlagic amphipod { Paratheniisio
abyssorum) . 0.1 (1} 0.1 (1
Pelagic amphipod (Parathemisio
gandichaudi) 0.1 (1) 0.1 (2 0.2 (3)
Pelagic amphipod (Parathenmisio thellutay | 0.1 0.1 27
Pelagic amphipod (Parathemisio sp.) 0.8 (8) 0.8 (%) 1.6 (16)
Kuphausiid (M eganyetiphanes norvegica) . 0.3 (1) 0.3 (1)
Fuphausiid 0.7 (2; 0.4 (2) 1.1 {4;
Pelagic shrimp (Pasiphace madtidentate) 5.0 (1) 2.0 (1 7.0 (2)
Shrinp 1.0 (1 .. 1.0 {1}
Paratepis coregonoides 42.0 (1) 30.0 (1) 251.2 (10; 533.0 (2) 376.2 (14}
Lantern fish (Benthosemn glaciale) 7.0 (3 ... S e 7.9 (3)
Lantern fish ( Hierops aretica) .. c 1.5 (1) - 1.5 {1}
Lantern fish (Lampanyeivs sp.i . . 46.0 (3} - 46 .0
Lantern lish (Notoscopelux sp. 62.8 (01 25.0 (6 24.0 (43 o 111.8 (19
Lantern fish . 2.0 (1) 16.0 15.0 (I 33.0
Launee (A mniodyles sp.i L. . L 11.0 (1 1.0 (L
Pelarie fish (Bathylagus sp.h .. . 11.0 (I . 11.0 (1
Pelagie fish 278 h S o . 27 8 o
Fish fragments 4.5 0.2 16.6 10.0 31.3
Total salmon stomaehs examined (No.j: 16 2 20 7 45
Total round weight of salmon whose
stomachs were examined (kg 6.5 fi.8 3T .0 243 145.1
Tatal fish in stomachs (ee): 114.6 h7.2 3663 800 6371
Total invertehrates in stomachs (e¢): 24 .0 0 5.4 2.0 31 .4

Total food in stomachs {ee): 1686 a7.2 kL rd i a1.0 6885

Total fooud (ee) per ke of salmon round
welrht 3.0 8.4 6.5 3.7 47




ICNAF RESEARCH BULLETIN NUMBER 5, 1968

TABLE 9. Number of external copepods, Lepeophtheirus salmonis, on Atlantic salmon from east and

southeast of the Newfoundland area, 21 March—-1 May 1966.

Salmon (a) L. salmonts per
Locality and date of Total eontaining salmon with (b) L. salmonis
capture, 1966 salmon L. salmonis L. salmonis  these parasites per salmon
No. No. No. Na. No.

Labrador Sea, E of

Hamilton Inlet

Bank (21-24 March) 16 12 92 7.9 5.8
E of NE Nfld. Shelf,

N of Grand Bank and

N of Flemish Cap

{28 March-16 April) 22 17 102 6.0 4.6
SW slope of Grand

Bank (30 April-1 May) 7 5 23 4.6 3.3
Total all areas 45 M4 217 6.4 48

Fig. &,

Distribution of the copepod, Lepeophtheirus salmonis on Atlantic salmon caught by the 4. T'. Cameron

(A)

July—August 1965, Labrador Sea-West Greenland and (B) Marech-May 1966, Labrador Sea-Southwest Cirand

Banlc,
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Fig. 9. Four Lepeophtheirus salmonis, two with egg-saes, situated near the posterior end of the
anal fin of a female Atlantic salmon, 861 mm fork lenzth, taken by the 4. 7". Cameron at
the midmouth of the Labrador Sea, 19-20 July 1955,

Anidsakis sp.  Larval nematodes, Anisakis
sp.. eneysted in flat ecircular coils on the liver,
nearly always on its ventral surface, oceurred in
3349 of the salmon. The two northern areas had
31 and 32%; of the 16 and 22 fish parasitised with
Anisakis on the surface of the liver (range 0-1
and 0-2 and average 0.3 and 0.5 parasites per
fish). and the southwestern Grand Bank area 4397
of 7 fish parasitised (range (0—4 and average 1.0
Anisakis per fish)., Because of the small num-
bers of fish these small differences between areas
are unlikely to be important.

Discussion and Conclusions

Distribution

The expanding salmon fishery in West Green-
land, based on Canadian and European salmon
{Hansen. 1965, 1967}, shows that large numbers
of salmon journey to West Greenland from these
areas. Templeman (1967) showed the presence
of salmon in the surface lavers in July-August
at the mid-mouth of the Labrador Sea, and west
of Cape Farewell. The new mvestigations re-
ported in this paper show that numerous salmon
are present in March—April over oeeanic depths
cast of the continental shelf and together with the
July—August captures indicate that salmon live
vear round over the waters deeper than 1,800 m
in the Labrador Sea. The moderately high surfuce

temperatures (3.7° to 6.1°C) found in this March—
April peried, and presumably throughout the
winter, enable the salmon to live close to the sur-
face even in winter. Whereas in July—August
1965, salmon were present and sometimes rela-
tively abundant at the mouth of the Labrador
Yea and off Cape Farewell at temperatures of 8.5°
to 8.6°C and fairly abundant at 9.6°C, in March-
April 1966 they were most abundant at lower
temperatures between 4.7° and 54°C. There
is in this area, therefore, only a narrow annual
range of surface temperatures, allowing the salmon
as is apparent from the scales, to have a slower
but still significant amount of growth during the
winter-carly  spring period.

The legal salmon fishing season on the east
eoast of Newfoundland begins on 15 May and
some salmon strike the coast before this time. On
the average the larger salmon approach the coast
first and the grilse later. The cateh of 7 salmon
off the southwestern Grand Bank indicates that
the slope water in the vicinity of 3° to 6°C between
the warm Gulf Stream water and the colder bank
waler along the Newfoundland and Nova Scotian
banks may be the winter abode of certain numbers
and groups of salmon and may also form a winter-
spring migration track of salmon from the north-
ern eddy systems. It is also possible that many
salmon may follow the intermediate temperature
glope water into the Gulf of St. Lawrence or the
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Bay of Fundy without first approaching the
nearest coast. It may be some of these salmon
from the southwestern slope of the Grand Bank
which begin to pass near the Port-aux-Basques
and neighbouring areas of the western part of
the south coast of Newfoundland and into the
Gulf of St. Lawrence early in May. _

As in the 1965 results (Templeman, 1967)
the salmon at night were very close to the surface,

Sea age and spawning

Most. of the West Greenland cateh consists
of 1+ sea-year salmon and the remainder 2+ or
greater sea-yvear salmon. Thus most of the 2-
sea-year salmon (849, of the total}, and of the
3-sea-year (79 ), and some of the 1-sea-year (99;)
caught in the oceanic areas on 21 March-1 May
1966 were presumably those returning to the
Canadian rivers for spawning,

Length-weight

The weak tendeney in Fig. 4 for the Labrador
Sea, 21-24 Mareh individuals to be lower in
weight 1s also reflected in the girths of these fish
being lowest (Table 6). The amount of food
in the stomach per kilogram of body weight was
also lowest in these Labrador Sea salmon (Table

8) and t{emperatures in the upper 100 m are gen-
erally lower in the north (Table 2, Fig. 1). The
small numbers of fish examined here, therefore,
reflect the same tendency reported by Lindsay
and Thompson (1932) that the yearly growth
during the first and second years at sea of coastal
salmon taken toward the north off St. Anthony,
Newfoundland and Battle Harbour, Labrador
was less than that of salmon taken farther south-
ward off Bonavista and the Avalon Peninsula.

The gutted weights were 89.7%7 of the whole
weight, very similar to the 88.7% for the Labrador
Sea-West (Gireenland salmon (Templeman, 1967).
This relationship is affected by the relative
amounts of food present in the stomach and in-
testine and the amounts of fat on the viscera
and will vary somewhat between areas and times
even if the fish flesh is in equally as good eondi-
tion.

There is an apparent contradietion in the
small amount of data presented in that while
no apparent relationship could be detscted at
neighbouring lengths between the presence or
numbers of tapeworms and the fish weights,
there 1s some cvidenee (Table 5) that the amount
of growth in a sea year-group may he affected by
the amounts of tapeworms preseni. The effects

TABLE 11. Comparison of meristic eharaeters of Atlantic Salmon from the Labrador and West (reenland area, July—
August 1965, and from the areas closer to Newfoundland ineluded in the present paper, March-May 1966.
(The 1965 data are ealeulated from Templeman (1967, table 6) and the 1966 data from the present paper

(Table 7).
No. of Standard
individuals Mean doviation Values
of

Meristic character 1965 1966 1965 1966 1965 1966 t Probability
Vertebrae 37 44 29.62 59.55 0.59 0.82 0.43 0.7
Dorsal fin rays 38 45 15.03 14.96 0.63 0.73 0.46 0.7
Anal fin rays 38 45 11.97 12.22 0.63 0.60 1.84 > (.05
Pectoral fin rays 38 45 13.82 14.11 0.66 0.53 2.24 < 0.05
Gill rakers on

first branchial areh 37 45 21.00 19.44 1.51 1.14 5.33 <0.001
Gill rakers on lower

limb of first branchial

areh 37 45 12.54 11.82 0.90 0.75 3.96 < 0.001
Vertchrae? 27 44 59.48 59.55 0.34 0.82 0.43 0.7
Pectoral fin rays? 28 45 13.79 14.11 0.74 0.53 2.15 < 0.05

1965 values from West Greenland banks and off Cape Farewell and Cape Desolation only,
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of the quantities of tapeworms present, on the
growth and weight. are worth investigating further
with larger numbers of salmon and, if possible,
from fresh arrivals to the same river run.

Body proportions

In both the 1965 (Templeman, 1967) and
the 1966 samples of salmon, with increase in total
length to the mid-fork there is a small decrease in
relative greatest length and in relative pectoral
length. The relative praportions of these meas-
urements and of the head length to the fork
length appear to be approximately similar in the
samples for both years.

Meristic characters

The salmon eaught in March-May 1966 were
relatively close to the Canadian area and aimost all
were 2-year fish and greater which make up only a
very small proportion of the West Greenland land-
ings. It can therefore be assumed that they were
mainly Canadian fish. The samples obtained in
July—August 1965 presumably contained mainly
Canadian fish from the mid-mouth of the Labrador
Sea and both European and Canadian fish in the
larger part of the sample taken off West Green-
land.

The probability values of a number of mer-
istie characters for these 1965 and 1966 samples
are compared in Table 11. The differences in
vertebral averages and dorsal fin rays are not
significant. The differences in the pectoral fin-
ray averages are significant at less than the 59
level. The differences in averages both of total
gill rakers on the first branchial arch and of those
on the lower limb of the first branchial areh are
highly significant. It would appear therefore
that meristic characters are worth studying furth-
er as a means of showing differences between
North American and European salmon. Actual
differences may be greater than those shown here
since the 1965 samples were almost certain to
be of mixed North American and European origin.

The gili-raker numbers show the greatest
difference, and our 1966 sample average for gill
rakers on the first branchial arch (19.44) is be-
tween that of MeCrimmon (1949) for presumably
Canadian Atlantic salmon but of unidentified
origin (average 19.8 for 41 specimens) and that of
Wilder (1947) from Canadian rivers of the Mari-
times and Quebec (average 18.8 for 28 aduit
salmon}.

If the Labrador Sea data are removed from
the 1965 samples leaving only the West (reen-

land related data the probahility of the differences
in the 1965 and 1966 pectoral fin-ray averages
being significant is not improved (Table 11).
The 1965 vertebral average is now below that of
1966 but the differences between vertebral aver-
ages still do not approach significance. For other
meristic data, inspection of the original 1965
frequencies in Templeman (1967) and of the 1966
frequencies in Table 6 indicates that removal of
the 1965 Labrador Sea data would have little in-
fluence on the ¢ and probability values.

Food

Total stomach contents per kilogram of
salmon round weight (4.7 ee) in the March—-May
salmon (Table 8) were only half those in Labrador
Sea-West Greenland July—August 1965 fish
(9.6 ce) and still less than the amounts per kilo-
gram of salmon weight on the West Greenland
banks in August 1966 (15.9 cc¢) (Templeman,
1967).

In both the 1965 and the 1966 salmon the
main diet was fish but lantern fish were not noted
in the summer diet, and squid, Gonatus fabricii.
were more important to the oceanic salmon in
July—August 1965 than in March-April 1966.
By the latter period most of the young Gonatus
hatched early in the previous year had grown
large enough to lie deeper as do the adults, and
the new larvae of the year were not large enough
to be attractive as food except on a minor scale.
In plankton tows in the upper 50 m in March
1966 at the mouth of the Labrador Sea. thesc
Fonatus larvae were fairly numerous and were
about 1 em and less in mantle length.

Parasites

Lepeophtheirus salmonys. The infestation rate
of 767, on the salmon taken in April-May 1966
is similar to the 709 infestation on 10 salmon from
the Labrador Sca and considerably lower than the
939, infestation on 28 salmon from the West
Greenland banks and off Cape Farewell and Cape
Desolation in July—-August 1965 (Templeman,
1967). This may mean that more European
than Canadian salmon are infested with these
parasites, but under the conditions of capture the
possibilities of loss of these parasites and of vari-
ations in this loss were great.

Saimincola salmonea.  Friend (1941} from
observations on salmon in Scottish rivers says
that fresh-run maiden salmon are never seen with
obvious maggots on their gills. Six previously
spawned salmon taken in nets near the Scottish
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Coast all had female gill-maggots without egg
sacs, 4-75 mature-sized gill-maggots per fish,
Estuarine previously spawned fish returning from
the sea also carry mature-gsized female gill-mag-
gots but none of them have egg sacs. Immature
river fish, up to and including the smolt stage,
have not been found to possess gill-maggots. In-
fection of returning maiden fish and reinfeetion of
returning previously spawned fish oceurs in the
river or estuary.

In our investigations none of these salmon
maggots were found on the gills of 4 salmon which
had spawned previously. The presence of an
adult female parasite of this species on a male
salmon with only 1 sea year which showed no
evidence of spawning unless it spawned as a parr,
appears to be unusual.

Eubotkrium crassum. The 719 of the 45
March—May 1966 salmon infested with this tape-
worm s similar to the 609 with tapeworms of 10
salmon from the Labrador Sea in July-August
1965 and different from the 219, with tapeworms
of 28 salmon from the West Greenland banks and
west of Cape Farewell and Cape Desolation in
August 1965 (Templeman, 1967). This suggests
that less European salmon in the West Greenland
area may have tapeworms.

Ag in the 1965 data ‘there is an indiecation
that ihe percentage of salmon infested with tape-
worms may increase with length of river life.
The differences in this regard for the 1966 data,
however, are less than in those of 1965 where the
salmon closer to the Kuropean area dominated
at the lower ages and also had fewcer tapeworms,
Because the quantities of tapeworms present in
the 1966 samples (Table 10) did not inerease with
length of river life too much confidence should
not be placed on the relationships with river age
in the number infested with these parasites.

Anisakis sp. The percentage of salmon
eaught in March—-May 1966 carrying this nema-
tode on the ventral surface of the liver (339))
was considerably less and the average number of
nematodes per fish {0.5) was less than in salmon
from any area in July—August 1965 — 56% of 9
salmon (average 0.8 nematodes) from the Labra-
dor Sea, 549, of 13 salmon {average 1.2 nema-
todes) from the West Greenland banks, and 739,
of 15 salmon (average 2.2 nematodes) from west
of Cape Farewell and Cape Desolation (Temple-
man, 1967). It is possible that the numbers may
be too small for adeguate comparison or that
European salmon in the West Greenland area

have higher numbers of this parasite. The 1966
salmon were frozen and then thawed before ex-
amination whereas the 1965 ones were examined
fresh and it is possible, although unlikely, that the
freezing and thawing loosened and displaced
sonte of these small parasites so that they were
not noted.
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A Study of Blood Serum Protein Composition by Agar-gel

Electrophoresis in Types of Redfish (genus Sebastes)

BY JU. P. ALTUKHOV !+ AND G. N. NEFYODOV !

Abstract

The protein pattern of blood serum was studied by the
agar-gel electrophoresis method in 49 specimens of the
marinus, 53 of the mentelle and in 43 of the “‘giant’’-types
of redfish from the Teeland-Greenland area of the North-
west Atlantie Ocean. It was found that the types of red-
fish studied differ significantly from each other in & —-
globulins and A and B albumins, being probably, under the
genetic control of a pair of autosomal allels. A general
evaluation of the biochemical position of the “‘giants”
suggests their hybrid origin.

Introduction

The marinus- and menfello- types of redfish
from the Northwest Atlantic.Ocean differ in ther-
mostability of isolated musecle tissue {Altukhov ef
al., 1967). Inasmuech as this feature has been
established as the species-specific eriterion for
poikilothermal animals (Ushakov, 1959, 19599,
1964), it was believed that there was an intra-
specific level of divergence in the forms of redfish
studied.

On the other hand, it was discovered that the
West Greenland population of marinus appeared
to be characterized by a level of thermostability
which placed it in an intermediate position be-
twoen the marinus- and mentella- types from the
Iceland area. This discovery as well as an exa-
mination of a number of biological peculiarities of
the West Greenland marinus-type and of a rela-
tively large number of the so-called “giant”-type
in this region, suggested that the West Greenland
marinus-type was identified as such only by its
external characteristics and was, in fact, an F,
hybrid of the marinus- and mentella-types which
were interbreeding to some extent in Icelandie
waters. Apparently, both for a solution and for a
fuller understanding of the taxonomie relationship

of the redfishes, it is advisable to analyze their
differences not only for a single diagnostic charac-
teristic but for a complex of features. From the
peint of view of molecular taxonomy. work has
been done on this problem by O'Rourke (1961) and
Schaeffer (1961). This report presents the results
of our investigations on the blood serum proteins of
the marinus-, the mentella- and the “giant -types
of redfish by the agar-gel electrophoresis method.

Materials and Methods

The work was carried out on board the RV
Sevastopol of the Polar Research Institute of
Marine Fisheries and Oceanography (PINRO) and
in the laboratory of Moscow University in the
autumn of 1965 and the winter of 1966. A total
of 142 samples of blood serum from the marinus-,
menlella-, and “giant’-types were subjeeted to
electrophoresis in agar-gel. Specimens more than
60 em in length were referred to as “‘giants’.
Location of the trawled samples is shown 1n Fig. 1.

Blood sampling and preparalion of serum.
Blood was taken with a sterile Pasteur's pipette
by cardiac puncture and put into test-tubes. It is
well known that the blood of many specics of
fishes, and especially those from fresh-water, co-
agulates in a very short time, whieh is measured in
dozens of seconds or even in seconds (Puchkov,
1954). But in redfish, for reasons yet unknown,
the clotting time is very long. Fresh-sampled
blood was therefore centrifuged for 10-15 min at
6,000-7,000 rpm without waiting for coagulation.
The serum was put in glass ampoules, preserved
with merthiolate (concentration of 1 in 10,000) and
frozen. On thawing, colourless clots appeared in
some samples, while in others, clols were absent
probably having been removed after ecentrifugation
with the blood cells.

IMoscow University and Polar Research Institute of Marine Fisheries and Oceanography, Murmansk, USSR.
:Present address: (GGeneties Laboratory, Department of Marine Biology, Vladivostok 22, USSR.
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Fig. 1. Sampling locations for redfish blood (O = mentelle; @ = martnus; + = “‘glants’).
Electrophoresis was conducted in a handmade Results

plastiglags apparatus (Zilber and Abelev, 1962) in
1% “Difeo” agar-gel spread over a 9 X 12 em
pliotographie glass plate with the emulsion washed
off.

Agar was preparcd in medinal-veronal buffer
at pH 8.6 (range 8.4-8.8). This buffer was also in
the vessel sections of the camera. Samples diluted
with the same buffer in a proportion of 1:2 were
placed in standard trenches and were subjected to
electrophoresis for 14 hr at 60 v and 12-15 mA,
The plates were put in 5% acetic acid for fixation,
then dried and stained in Amidoblack 10B for an
hour.

The results were read visnally and with the
help of a microphotometer, taking into account
only the qualitative characteristics of the protein
spectrum, i.e., the absence or presence of distinet
components differing in mobility.

The results are presented in photographs of
phoregrams (Fig, 2a) and by three densitometrie
curves (Fig. 2b)., Photographs 1-7 (Fig. 2a) show
the phoregrams of blood serum from individual
specimens of redfish. Number 8 is the phoregram
of normal human serum taken from Grabar and
Burtin {1960} and is presented here for compari-
son.

Examination of the results obtained showed
the following differences between the redfish and
human biood serum proteins to be the most con-
spicuous: (1) contrary to the redfish albumin,
human albumin shows much less mobility; (2) two
distinetl fractions are visible in the cathode half of
the human serum phoregram (- and - globulins},
whereas, in the redfish protein spectrum, separa-
tion of the proteins is weak and their small concen-
tration suggests they areidentical with v-globulins,
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Hence, from this point of view, 8- and «- globu-
ling and albumins—the most mobile fractions are
situated 1n the anode part of the redfish blood
phoregram (Fig. 2a).

The results also establish the wide individual
variability of the samples expressed by the pres-
ence or absence of certain proteins, differing from
each other by their electrophoretic mobility. Such
& pattern is characteristic both for the albumin and
to a great extent for the globulin parts of the
phoregram. As mcentioned above, the differen-
tiation of proteins is not- ctear enough i the
y-globulin zone only and this zone of the spectrum
is not discussed now. On the other hand, in the
zone of - and @-globulins it is possible to see four
fractions (photographs of phoregrams number 1
and 4), and in some eases a division of as-globulins
into two subfractions may be seen.

a
ﬁ\

¥ 132

o, a B A

The variability of albuming is also typical.
Thus, sera from redfish Numbers 1-3 possess slow
albumin (B type), the sera from redfish Number 6
and 7 have a more rapid albumin {A type), and the
sera from redfish Number 4 and 5 have both types
(AB). The mobility of albumins varies from test
to test depending on a number of circumstances
(Grabar and Burtin, 1960), but if, in the samples
studied, therc is even a single serum containing
both albumins it is relatively simple to understand
to which type, A or B, these vamations refer.

The individual variability of blood protein
composition in redfishes is independent of their
taxonomical relations, viz. when examining the
samples of mentella, marinus or “giants”, it 1s
possible to find fish of any of the types discovered.
At the same time, there is a difference in frequency
of these proteins among the types of redfish

b

J\N\/\/\.

/ N\

Fig. 2. (a) Phoregrams of the redfish (Numbers 1-7) and human (Number 8} bloed sera: Numbers 1, 46 = men-
telio: Number 3 = marinus: Numbers 2 and 7 = “giants’’; Number 8 = human serum.
(b} Densitometric curves of redfish blood phoregrams. Numeration as in (a).
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TABLE 1. Frequency of the protein fractions in redfish blood sera.
Protein fractions
Number Albumins Globulins
Types of of fish
rodfish tested A AB B o @s By (o ¥

marinus 46* 8.7 8.7 82.6 42 .5 100 100 2.5 100
giants 43 18.6 16.4 65.0 16.3 100 100 7.0 160
mentella 53 22.6 37.8 39.6 17.0 100 100 9.4 100

*Binee in six cases the protein pattern in thiz part of the spectrum appeared to be unsatisfactory, the
globulins were studied only in 40 specimens.

(Table 1). The most significant is the difference TABLE 2. Verifieation of genetie equilibrium and con-
between the marinus- and mentella-redfish which trol by a two-allelic gene of mentella
differ substantially from cach other in the fre- albumins.
quency of specimens with albumin B, AB, and
ar-globuling (P < 0.05). Foralbumin A and 3. Number of
globulins, the difference is not statistically signifi- phenotypes x?
cant. However, the lack of difference is probably (2
determined not by a real absence of difference, but Pheno- Geno- observed expected ( - )
rather by insufficient data. type type 0 (P) F

The protein compositions of the “‘glant’’ sera -
do not show biochemical identity with that from A AA 12 &.50 1.08
marinus, in spite of their striking external likeness, AB B on
although the differences are not statistically signi- A 20 25.60 1.22
ficant _for all variable p?otein fractions, exeept B BB 21 1850 0.33
albumin 13 and ear-globulin (P < 0.05). On the
other hand, the “giants” are very close, if not 53 53 00 o 63

identical, to marinus in frequency of albumin A
and «.- and 3.- globulins, but differ significantly in
the frequency of albumin Band A B (P <0.03).

It is known, that the individual variability of
serum proteins connected with their presence or
absence in some specimens, is often genetically
controlled. It i1s usually especially noticeable in
albumins, where two types of protein show threc
distinet phenogroups, viz.,, A, AB, and B. Such
interdependence suggesis genetic control by a pair
of autosomal codominant allels, This hypothesis
ig verified below by the Hardy-Weinberg distribu-
tion on an example of gene frequenecies in a sample
of mentella (0.41 pA and 0.59 gB).

Table 2 shows that there is no significant
difference belween the observed and expected
numbers of the phenotypes both in each of the
three phenotypical classes and their totals. This
means that the system of genetic control of the
albumins is really two-allelie, and the mentelic

population from which the given sample is taken is
in genetie equilibrium. When the same calcula-
tions are made for marinus and “giants’”, a good
fit to the Hardy-Weinberg law is not obtained and
x >-homogeneity tests give values of 17.33 and 14.64
respeetively.

Discussion

Examination of the experimental data shows
significant differences in the protein composition of
blood among the forms of redfish investigated.
Especially interesting is the biochemieal position of
the “giants”. In albumin A they approach the
marinus-type and in es-giobulin, the mentella-,
and they occupy an intermediate position in
albumin B frequency, clearly indicating the hybrid
origin of the “gilant”-type. This explains why, in
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applying a mathematical analysis to the marinus
and the “giant” samples, a good fit to the Hardy-
Weinberg law is not obtained—the violation of
panmixian is the result of a sterilization of the
majority of specimens.  Of course, it is possible to
mention other circumstances preventing the estab-
lishment of a genetie equilibrium {e.g., Neel and
Schull, 1954; Li, 1955; Stern, 1960), but in this
situation we actually pay attention to sterilization.
This line of research has been discussed in our
previous report (Altukhov ef al., 1967).

This study reveals the differentiation of the
marinus- and mentella-types of redfish by means of
one more inherited feature—the protein composi-
tion of the blood serum. The faci agrees with the
results obtained by Schaeffer and O'Rourke who
demonstrate the possibility of distinguishing both
redfish types by means of the antigen eomposition
of blood and the aminoacid composition of gill
mucus and museles, These results together with
our results on electrophoresis again rtaises the
question of the taxonomical range of divergency of
the marinus- and menfella-redfish from the North
Atlantic.

Conclusions

By the method of agar-gel electrophoresis
statistically significant differences were found 1n
the protein composition of the blood serum of
marinus- and mentella-types of redfish from the
Northwest Atlantic. These differences refer both
to arglobulins and to albumin phenotypes B and
AB, evidently being under direct genetic control.

The “giant’-type of redfish, in spite of its
siriking external likeness to the martnus-type,
shows no biochemical identity with it, differing
significantly from the latter in frequency of albu-
min B and a-globulins. The “giant”-type also
differs significantly from the meniella-type in

frequency of albumin phenotypes B and AB. A
general evaluation of the biochemieal position of
the “giant”-type suggests it 1s a hybnd.

Evidence from the data presented here and by
other investigators enable us to raise a question
about the taxonomical range of divergence between
the martnus- and mentella-redfish.
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Comparison of Meristic Characters of Adult Atlantic Herring from
the Gulf of Maine and Adjacent Waters

BY VAUGHN C. ANTHONY! AND H. C. BOYAR!

Abstract

Counts of vertebrae and of rays of the right peetoral,
dorsal, and anal fins were examined from 5,829 Atlantie
herring of the 1958 and 1960 year-classes collected in 1962—
65 from areas of Cape Cod, Western Maine, Eastern
Maine, Southern Nova Seotia, and Georges Bank. Moeristic
counts were not significantly different between sexes.
Differences in meristic eounts among years of sampling
were significant, indicating a change in the distribution of
herring for a particular year for a given area. Counts of
vertebrae and rays of the right pectoral fin suggested that
two eomplexes of herring existed: a (leorges Bank-Capo
Cod complex which was significantly differetit. from a
Maine-Nova Scotia complex. The magnitude of dif-
ferences among areas in the mean meristic eounts for
herring of the 1958 year-class was greater than for fish of
the 1960 year-class.

Introduction

The racial differences of stocks of Atlantie
herring, Clupea harengus harengus L., in the Gulf of
Maine are being studied by the U. 8. Bureaun of
Cominereial Fisheries at the Boothbay Harbor
Biological Laboratory. Serological methods; age,
length, and maturity data; parameters of growth;
and meristic charaeters are heing investigated as
indicators of raecial differences. This paper gives
the results of the investigation of meristic charac-
ters of adult herring in the Gulf of Maine and
adjacent waters.

RRounsefell and Dahleren, 1932; Tester, 1937;
MeHugh, 1942; Biickmann, 1950 and others have
found that counts of vertebrae and fin rays of her-
ring increase with a latitudinal decrease In tem-
perature. If this increase holds for herring in the
Gulf of Maine and adjacent waters and if herring
remain in or return to their respoctive areas of
birth, they should exhibit meristic counts typieal
of that environment; in particular, counts should
be higher in colder waters.

The time in the ontogeny of Atlantic herring
when the counts of vertebrae and fin rays are fixed

is not known. Taning’s {1952) work with brown
trout, Salmo trutta trutta L., indicates that the num-
ber of vertebrae is determined before hatehing, and
that the period of fixation for the anal fin begins in
the egg stage but continues after hatching. The
dorsal and then the pectoral fins are formed next.
Gabriel (1944) showed for Fundulus heteroclitus
(L) and Dannevig {1950) for Pleuronectes platessa
(L.} that the number of vertebrae is determined
during inecubation of the egg. Hempel and
Blaxter (1961) reported that the myotome count
of Atlantic herring is determined before hatching,
although Biickmann (1950) and Tester {1938) gave
evidence that the nmumber of vertebrae is at least
partially determined after the eggs have hatched.
Bigelow and Schroeder (1953) gave 15-17 mm and
Blaxter (1962) gave 13-14 mm as the lengths at
which the dorsal fin is formed.

Atlantic herring spawn in the Gulf of Maine
from late Aungust through October. The eggs are
demersal and incubate 10-15 days before hatching,
after which the larvae rise to the surface waters.
If the meristie characters are fixed while the her-
ring are in this larval stage, the temperature of the
surface water would influence development.

Collection and examination
of samples

Adult herring were sampled in the Gulf of
Maine and adjacent waters in 1962-65. Coastal
samples (mostly from spawning schools) were ob-
tained from Stonington, Connecticut, t6 (Grand
Manan, New Brunswick, and from $t. Mary’s Bay
to Port Moutonr, Nova Scotia; offshore samples
were from Georges Bank. Counts of fin rays
(right pectoral, dorsal and anal} and vertebrae
were made for 100 fish from each collection with
the aid of a low power (10X to 30X) dissecting
microscope. Vertebral counts excluded the hy-
pural plate. The 1958 and 1960 year-classes of
herring—the two dominant year-classes from 1962
to 1967—were chosen for analysis (Table 1). Since

1U. 8. Bureau of Commercial Fisheries, Biological Laboratory, Boothbay Harbor, Maine, U 8§ A.
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Fig. 1. Gulf of Maine, showing areas of investigation and loeations (encireled numbers) where

temperature data were ecolleeted.

little was known about the identity and boundaries
of stocks within the Gulf of Maine, five arbitrary
areas were selected: Western and Eastern Maine,
Nova Scotia, Georges Bank, and Cape Cod (Fig.
1).

Sinec the time of fixation of meristie charac-
terg 1s not precisely known, and sinee bottom
temperatures at the spawning sites are unavailable,
the mean temperatures of surface water for Sep-
tember—etober were used for ecomparisons among
arcas (Table 2 and Fig. 1). The differences in
surface temperature were pronounced; tempera-
tures were lowest in the Nova Scotia and Eastern
Maine areas, and were lower in 1958 than 1960 in
all areas.

Methods of analysis

We examined the differences of the meristic
characters between years of sampling and between
sexes for each of the two year-classes to sce if the
data for different vears of sampling and for both
sexes could be combined. Bceeause sample size
varied among years and areas, unequal variances
would invalidate analysis of variance procedures
and comparisons based on the {-distribution. The
Bartlett test (Brownlce, 1960} was therefore used
to test for homogeneity of varianee for meristie
data sampled among years, for each sex, area, and
meristic character. Six of eighty comparisons
were significantly different (P < 0.05) instead of
the expected four at the 5% level which indicates
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TABLE 2. Mean temperature (°C) of surface waters in September—October, 1958 and 1960,
at selected sites in the Gulf of Maine and adjacent waters.

Year
Area, station number, and site? 1958 1960
Georges Bank:
1. Texas Tower 2 14.8 15.5
Nantucket Shoals:
2. Texas Tower 3 —_ 15.5
Cape Cod:
3. Buzzards Bay Lightship 15.9 16.6
4. Boston Lightship 12.8 14.3
Western Maine:
5. Portland Lightship 11.8 12.6
6. Biological Laboratory, Boothbay Harbor 11.9 12.3
Eastern Maine:
7. Mount Desert Rock —— 10.8
8. Grand Manan [sland 11.4 —
9. Biological Station, St. Andrews, N. I. 11.5 147
Nova Scotia:
Albatross-Delaware eruise 10.2 —
Albatross-Delaware cruise 12.5 —

aQee Fig. 1 for loeations of stations.

that, generally, the variances are not different
among vears. DBartlett’s lest, however, is sensi-
tive to nonnormality and may falsely reject the
hypothesis of equality of variance when the fre-
queney distribution is heavily concentrated about
the mean (Scheffé, 1959), (as it is for vertebral
counts of herring). Because three of the six signi-
ficant values were with vertebral data and may
have been partially due to nonnormality, the
assumption of homogeneity of variances is streng-
thened. The inferences associated with the ¢- and
the F-distributions also are not seriously affected
by nonnormality.

Two-way analysis of variance tests were
conducted between years of sampling and sexes,
The probabilities that the mean counts are not
different among vears arc entered in Table 1.
There were no significant differences in meristic
counts between sexes. Some mean meristic
eounts, however, were significantly different from
vear to yvear for a given year-class within an area.
Each area may have contained several stocks of
herring, but more likely the herring in the Gulf of

Maine and adjacent waters woere not distributed
similarly in sueccessive years, For example, on
Georges Bank in June, 1964, the herring of
the 1960 ycar-class had a significantly higher
(P < 0.05) meristic count than all other herring
obtained from Georges Bank; in the fall. this
difference no longer existed. If the generalization
is true that higher meristic counts exist in herring
from colder water, then herring of this type appar-
ently moved onto Georges Bank in June, and were
replaced with. a different group in the fall,

In 1965 samples of both the 1958 and 1960
vear-classes of herring from southern Nova feotia
also had unusually hich meristic eounts (Table 1).
The counts of the rays of the right pectoral fin for
the 1960 year-class and the counts of the rays of
the dorsal fin for the 1958 year-class were signifi-
cantly higher (P < 0.01) in 1965 than samples
collected in other years. The (-test, adjusted for
planned comparisons, was used to determine the
vear or years responsible for the significant
differences. This test consisis of allocating before-
hand the chosen total error probability « (in our
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case = 0.05) into components {a¥. ... , e}
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The eonfidence interval about the difference
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where S is the error mean square from the one-
way analysis of variance. The probability that
all of these intervals simultaneously cover the true

n
values is then 2 1 - Z o% {(Scheffe, 1959) and
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the adjusted (-tesl is then
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1/5 +l)
i [h)

1

n
This ig a planned comparison lechnique and avoids
the wide intervals encountered with unplanned
comparison techniques. When used to test for
differences between means, ithe null hypothesis
tends to be rejected more ecasily than with an un-
planned comparison. technique.

Xi —
2

In Western Maine, meristic counts were
significantly differeni between years for five of
cight combinations of meristic characters and year-
classes. For the 1958 year-class, vertebral and
dorsal ray counts were significantly lower in 1965
than in other years; for the 1950 year-class, right
peetoral and anal ray counts were significantly
lower in 1963 and dorsal fin ray counts in 1964,

Samples of herring were discarded from
further analysis when they were significantly
ditferent (P < 0.05) from all other samples col-
lected within the same area and when the differ-
enees were present in several mernistic characters,
because we assumed that the discarded herring
helonged to groups or stocks not normally found in
that area.

Iish exciuded from the samples of Nova
Seotia and Eastern Maine had unusually high
meristic counts and those disearded from Georges
Bank (other than the samples of the 1960 year-
¢lass collected in June. 1964) and W estern Maine,
had unusually low meristic counts. Such dis-

carding of data does not create significant differ-
ences between arcas but reduces the probability of
herring from two arcas having signifieantly
different meristic counts, beeause the counts of
fish from Nova Scotia and Eastern Maine are
generally much higher than those from Georges
Bank and Cape Cod and about the same ag those
from Western Maine. The single possible excep-
{ion is Weslern-Eastern Maine; the counts of the
right pectoral rays for the 1960 vear-class might
have indicated that herring from Eastern Maine
were significantly different from herring of
Western Maine if all available data from Western
Mainc had been used. The remaining data were
combined for different years of sampling and for
both sexes. The area means and their reliability
are shown in Fig. 2,

The combined data for each year-elass and
meristie character were tested for differences
among areas by a one-way analysis of variance
test{ and by adjusted (-tests lo determine the signi-
ficanee of each area comparison (Table 3). The
assumptions of normality and eqjuality of variance
required for variance analysis were satisfied.

The probabilities (F;) that two arcas do not
differ were combined for the four meristic charac-
ters for each year-class according to Fisher {1963)
where — 2 2 loz, P;is distributed as chi-square
with twice as many degrecs of freedom as there are
P; to be combined. Disadvantages of combining
in this fashion are that all four meristic counts are
treated equally and each P; is treated as being in-
dependent. No conelusions are possible from the
dorsal and anal fin ray data by themselves, but the
counts of vertebrae and right pectoral fin rays
show similar and distinet differences.

Comparison of Areas

Adult herring from Georges Bank and Cape
(Cod have similar meristic counts, as, in general, do
herring from Eastern Maine, Western Maine
and Nova Seotia. Some differences in meristic
counts hetween Nova Scotia and Western Maine,
however, are not clearly explainable. The counts
of the right pectoral fin rays of the 1938 year-class
were significantly lower in Western Maine than in
Nova Scotia, and the counts of the dorsal fin rays
of the 1958 vear-class were significantly higher
(Fig. 2). On the basis of an adjusted {-test, the
general significance level between Nova Scotia and
Western Maine is 0.05 > P > 0.02. A one-way
test between these two areas would not indicate
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TABLE 3.
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Probabilities based on four meristie characters that herring from two areas

do not differ.

Right Total
pectoral Dorsal Anal for each

Area comparisons by year-class Vertebrae fin fin fin year-class
Nova Secotia vs. Georges Bank:

1958 <.005 <.005 > .900 230 < .005

1960 030 <.005 >.900 > .900 < .005
Western Maine vs, Georges Bank:

1958 <.005 <.005 <.005 >.900 < .005

1960 030 <.005 >.900 > .900 < .005
Western Maine vs. Cape Cod:

1958 <.005 <.006  <.005 >.900 < .005

1960 > .900 <.005 >.500 >.900 < .250
Nova Seotia vs. Cape Cod:

1958 <.005 <0050 > .900 > .900 <.005

1960 .040 030 > .900 > .900 > .500
Eastern Maine vs. Georges Bank:

1958 > .900 <.005 > .900 > .900 <.005

1960 <.005 <005 > .900 100 < .005
Eastern Maine vs. Cape Cod:

1958 > .900 <.005 697 > .800 <.005

1960 <005 <.005 > .900 <.900 < .005
Nova Beotia vs. Western Maine:

1958 > .900 <.005 <.005 > .900 < .005

1960 > 900 >.000  >.900 > .900 > .8900
Cape Cod vs. Georges Bank:

1958 > .900 >.0900  >.900 > .900 > .900

1960 > .900 <.005 > .500 700 <.025
Eastern Maine vs. Western Maine:

1958 180 B00 > 900 > .900 >.900

1960 > .900 200 > .900 > .900 > .900
Nova Scotia vs. Eastern Maine:

1958 .350 >.900 > .900 343 > .900

1960 > .900 870 > 900 > .900 > 800

that the fish from Nova Scotia had overall signifi-
cantly higher counts. A one-way test, however,
assumes that merisiic counts increase with a
decrease in water temperature, which we are
investigating here and eannot assume at this point.
This variability of meristic data in Western Maine
suggests that stocks freguently intermingle there,

The mean counts of vertebrae and right
pectoral rays for the 1958 and 1960 year-classes
were significantly different (P < 0.05) between
Nova Scotia and both Georges Bank and Cape

Cod, and between Western Maine and (eorges
Bank. Evidence that herring from Western
Maine and Cape Cod are different is given by the
mean counts of the rays of the right pectoral fin
for both year-classes and the vertebral counts for
the 1958 year-class (P> < 0.005). The vertebral
counts for the 1960 year-class and the counts of
the right pectoral fin rays for both year-classes
indicate that Eastern Maine is also significantly
different (I < 0.005) from both Georges Bank
and Cape Cod. These differences combined with
the similarities between both sections of Maine
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and Nova Scotia and between Cape Cod and
Jeorges Bank, suggest that herring from Coastal
Maine and Nova Scotia form one complex of
herring which are significantly different from a
Georges Bank-Cape Cod complex.

Comparison of year-classes

Although bhoth year-classes generally indi-
cated the same areal differences, the meristic
counts were not similar between the two year-
classes in their magnitude or in relation to tem-
perature. The magnitude of differences in the
mean metistie counts among arcas for fish of the
1960 vear-class was less than for fish of the 1958
vear-class, Herring of the 1960 year-class from
Nova Scotia and Maine, for example, were very
similar in all meristie characters, indicating that
fish may have mixed between the two areas.

The mean counts of the 1958 year-class for
the areas of Maine and Nova Scotia were greater
than those of the 1960 vear-class, as we had ex-
pected from the water temperatures (Fig. 1). The
mean counts of the 1958 ycar-class for the areas
of Georges Bank and Cape Cod, however, were
consistently less than those of the 1960 year-
class, even though the water temperatures were
lower in 1958 than in 1960, which may have heen
due to a variation in spawning time from year to
year irrespective of temperature.

Conclusion

Despite the year-class differenccs, the two
year-classes independently indicate consistent
areal differences for a given meristie charaeter and
provide evidence of the existence of two general
groups of herring within the Gulf of Maine. The
composition of each complex is not yet known and
more than one stock may, in fact, cxist within a
complex. Indeed, the herring discarded because
of high or low meristic counts were assumed to
come from other groups within or on the periphory
of the (Gulf of Maine. The herring discarded
from northern waters were those with high eounts
indieating that they belonged to more northern,
colder waters, and those discarded from the
southern waters were those with low counts
indicating that they belonged to more southern,
warmer waters. The present data, however,

show clearly that two complexes of herring exist
within the Gulf of Maine and that if sub-groups
are present within each complex, they are much
more nearly alike than are the two eomplexes.
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Size, Age, and Recruitment Comparisons for Haddock of the
Central Scotian Shelf

BY F. D. McCRACKEN'!

Abstract

Haddock, Melanogrammus aeglefinus, landings from
the central Scotian Shelf (ICNAF Div. 4W) ranging from
13,000 to 51,000 metrie tons in the period 1948-65 have
been mainly of fish from 45 to 55 em in length and 4 to
10 years of age. No diseernible trend to smaller fish is
apparent from Canadian landings which made up over
70%% of the total during this period,

Year-class strength fluetuating from about 7 to 34
niillion fish in landings has had a marked effect on sizes
landed and development of the fishery. A period of high
Canadiagn landings from 1956 through 1962 apparently
resulted from the extremoly good 1952 year-elass and
above average recruitment from vear-classes 1956 through
1958. A subsequent deeline in Canadian landings 1is
attributed to poor year-classes in 1958 and 1960.

Total mortality eocfficient estimates for year-classes
1944-55 were Z = 0.60 from Canadian landings in Quarter
[ of each year, and 2 = 0.73 from landngs in the re-
mander of the year. HKstimates suggest that annual
mortality was imereasing from-ahout 40 to 50%; for year-
classes from 1945-49 to about 50 to 60% for vear-classes
14550-55.

Introduction

Haddock, Melanogrammus aeglefinus, 1s one
of the most important species of groundfish taken
from the Scotian Shelf off central Nova Scotia
(ICNATF Div, 4W), Landings between 1948 and
1965, the period considered in this paper, have
ranged from about 13,000 to 51,000 metric
tons (Fig. 1). In the early portion of the period,
1948-53, Canadian landings averaged ahout
10,000 tons annually and made up about G60%;
of the total. Belween 1954 and 1962 Canadian
landings averaged about 17,000 tons annually
and were about 85%. of the total. Since 1963
Canadian landings from Div. 4W have declined
as effort was shifted elsewhere. At about 10,000
tons annually they were about 509 of the total
in 1963-64, and less than 1597 in 1965 when the
USSR landed over 45,000 tons from Div. 4W.

From 1948 to 1965 Canadian landings of
haddoek have bcen sampled svstematically for
size and age. Measurements of fish have pro-
vided information about sizes landed. Otolith
colleetion and subsequent age interpretations
have provided information about age composi-
tion of haddock taken by the Canadian fishery.
In addition, ealculations based on landings, sizes,
and cateh per unit effort have provided informa-
tion about recruitment and strength of various
vear-classes in the fishery. Relatively little has
been published about these results. This paper
provides various comparisons of sizes, ages, and
year-class strengths of haddock In the stock
fished from 1948 to 1965.

Material and Methods

Haddock from which samples were taken are
landed usually graded into two ecategories, large
and scrod. Fish lengths have heen measured
and otoliths taken from each category, and the
final length and age composition derived by pro-
portioning samples to the quantities of each
category landed in the manner deseribed by
Kohler (1958). When other landing categories
have oceurred, such as when smaller fish have
been landed round, these have also been sampled
and their contribution to the total landings de-
termined. Throughout this period haddock
were measured to the nearest centimetre from
tip of the snout to the fork of the tail.

For presentation in this paper various cal-
culations from the basic data have heen made.
During most of the period large (151-500 ion)
trawlers have taken the largest proportion of the
Canadian landings. These vessels also provided
the best records of effort in terms of days and
hours fished. Where quantities of sizes and ages
landed have been calculated in terms of eateh per
effort these data have been used. Where age

Fisheries Research Board of Canada, Biologieal Station, 8t. Andrews, New Brunswick,
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Fig. 1. Landings of haddock from eentral Secotian Shelf {(Div. 4V}, all gears, all eountries,
1948-55. (Div. 4W portion of Div, 4V-W estimated for 1948-52.)

composition has been related to total Clanadian
landings, total numbers were derived from the
total weight landed divided by the mean weight
of haddoek landed as calculated from our samples.

For onc series of calculations, landings by all
countries were used in determining total numbers
of cach year-class landed. It was assumed that
size and age of haddock in landings by other
countries were similar to those taken by Canad-
ians, For the period considered in these calcula-
tions (1951-63) this is believed to be substan-
tially correct.

Ages were determined by reading hyaline
and opague rings on haddock otoliths using a
hinocular miecroscope and reflected light in the
manner described by Kohler (1958). Hyaline
(winter) zones, separated by opaque (summer)
zones, were counted to give the age of the fish,

Results

Size-composition comparisons

Throughout the period considered (1948-
65) haddock landed during February—April

{Quarter 1) have ranged from about 38 to 65 cm,
most being between 45 and 55 em (Fig. 2). A
comparison of sizes landed by averaging number
caught per hour trawled for 3-year periods be-
ginning in 1948 and continuing through 1965
shows no great changes. During the early part
of this period (1948-53) there were somewhat
greater numbers of haddock over 60 em landed.
More recently there has been a greater proportion
of haddock landed between 40 and 45 em.

Between 1948 and 1956 about half the fish
landed were over 50 ecm. Between 1957 and
1962 considerably more than half the fish landed
were under 50 em.  However, in the most recent
period (1963-65) the size composition was again
more like the earlier years when about half the
tish were above and half below 50 em in length.

Comparisons between landings in the re-
mainder of each year have been for data grouped
for the period May through January (Quarters
II, III, and IV) sinece landings have been less
regular and varied considerably by seasons in
different years. These landings show more vari-
ation in size eomposition than those landed in
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4W (Div. 4V-W for 1948-52) by Canadian otter
trawlers of 151-500 gross tons, 1948-65; averages
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Quarter I (Fig. 1). Sizes landed have ranged be-
tween 35 and 60 em and, in general, there has
been a tendency to land fewer large fish than in
Quarter 1. Haddoek landed in Quarters II-TV
were mainly between 42 and. 52 em. However,
in the middle part of the series of years being
considered (1954-59) most fish were between 40
and 50 em. BSize compositions in terms of
numbers of fish caught per hour trawled for the
two seasons are presented on an annual basis in

T

Appendix Table I,

Age-composition comparisons

Haddock landed in the February—April period
{Quarter 1) from 1948 to 1965 have ranged between
3-14 vears of age but were mainly from & to 9
vears old (Fig. 3}. There has aiso been consider-
able variation between periods. From 1948 (o

1956 most haddock were landed as 6- to 8-year-old
fish. From 1957 to 1962 a preponderance of the
fish landed were from 4 to 6 years of age. In the
most recent 3-year period (1963-65) there were
fewer younger fish, and landings were again
dominated hy fish from 6 to 8 years old.

In the remainder of the year, May through
January (Quarters IT, 111, and IV), the haddoeck
landed were generally younger than those of
Quarter 1. Haddock of 3-7 years of age pre-
dominated (Fig. 3), with considerable variation
between periods. From 1954 to 1962 most had-
docik landed were hetween 3 and 5 years of age.
Prior to 1954 and in the most recent 3-year period
(1963-65) a larger proportion of 3- to 7-year-old
fish were being landed.

Data plotted in Fig. 3 show marked changes
in numbers of haddock landed by Canada. Most
haddock were landed in 1957-59 and 1960-62.
Smallest numbers of haddoek were landed in the
3-vear period 1948-50 and in the most recent
period 1963-65. Age compositions by seasons on
an annual basis are presented in Appendix Table
II.

Recruitment variations

Hstimates of haddoek recruitment show wide
fluctuations in year-class strength (Fig. 4). Mean
number caught and landed per hour fished by
large (151-500 gross ton) Canadian otter trawlers
for year-classes 1942-59 as 5 and 6 year olds was
95.5. Maximum deviation above the mean was
189.5 for the 1952 year-clags, and maximum
deviation below the mean was 77.5 for the 1942
vear-class. Based on average cateh/hour fished,
the 1952 yvear-class was about 16 times that of the
1942 year-class in numbers. (Less reliable esti-
mates of abundance for the 1941, 1960, and 1961
vear-classes are provided. These estimates rely
on catch/effort figures for 1 year only. However,
they do appear to be correct in the general order of
vear-class strength shown.)

A scries of poor year-classes from 1941 to 1945
was followed by above average year-clagsses in 1946
and 1947. Below average year-classes in 1948-51
were followed by the most successful year-class of
1952 which dominated the fishery in the late
1950's. Beiter than average recruitment in
1955-57 was followed by below average year-
classes in 1958, 1960, and 1961, with a better than
average vear-class in 1959.
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Estimates of total numbcers of each year-class
caught by all gears and all countries follow closely
the pattern shown by the Canadian ecateh ‘effort
data (Fig. 4 and Table 1). Average year-class
strength, as landed, from 1943 to 1957 was about
16 million fish (Table 1). The maximum differ-
ence hetween year-classes was 27 million fish
(Table 1).

TABLE 1. Estimates of contributions of haddock year-
classes to total landings, all eountries,
ICNAF Div. 4W.

Year-class Total numbers landed
1959 9,673,172+
1958 6,768,619+
1957 23,174,479
1956 26,386,197
1955 22,788,547
1654 15,187,280
1953 14,317,131
1952 34,142 968
1951 6,943,783
1950 8,176,934
1949 17,762,024
1948 7,687,442
1047 18,458,393
1946 18,918,638
1945 9,916,319
1944 11,324,203
1043 11,332,329

Average year-class strength 1943-57 = 16,400,000 fish.

Maximum difference between suceessive year-classes =
27,000,000 fish.

Average difference between successive year-classes =
7,500,000 fish.

Maximum divergenee single year-class from long-term
mean = 17,700,000 fish.

Average divergence of year-classes from long-term mean =
6,200,000 fish.

Caleulations of year-class contributions from
total landings show poor recruitment in the mid
1940's, better than average year-classes in 1946—
47, poor recruitment in the carly 1950’s, an out-
standing 1952 year-class, and good reeruitment
from 1955 to 1957 (Fig. 4).

Mortality rates

Along with estimates on changes in recruit-
ment the data on eatch/effort by age of haddoek
{Appendix Table IT) provide material for estimates

of total mortalitics. Plotting logarithms of num-
bers per hour fished for year-classes 1944-h5
against age for Quarter 1 (February-April) for ages
3-12 (Fig. 5) shows that haddock were probably
fully recruited from age 6 on. Using the median
values of cateh /hour at each age from 6 1o 11 years
and fitting a line by eye through the straight part
of this eurve provided an estimate of survival of
559 per year or a cocfficient of mortality, 7, equal
to 0.60. A similar procedure using material from
Quarters 11, III, and IV of each year (May-
January) for year-classes 1945-55 and ages 59
gives an estimated annual survival of 489, and a
value of Z=0.73 (Fig. 6). The data available
are not adeguate to allow separation of total
mortality estimates into fishing and natural
mortality components.

To enable some comparison of changes in
total mortality with time and in relation to the
various year-classes entering the fishery, a line
was fitted by the least squares method to the
logarithm of cateh/hour as a function of age for
individual year-classes from 1945 to 1955, Quarter
1, and Quarters 1T, III, and IV were treated
separately. Quarter I, ages 6-12, were used in the
caleulations, For Quarters TL, TII, and IV, ages
5-10 were used. The oceasional zero eatch/hour
entry whieh oceurred was replaced by 0.5 in order
to prevent the logarithm of zero from completcly
dominating the caleulation. The complement of
the resulting slope for each series of ages is taken as

TABLE 2. Mortality of haddoek by year-classes from
1945 to 1955 in the central Seotian Shelf
region (ICNAF Div. 4W). Estimates from
catch curves using ages 6-12 for Quarter 1
and ages 5-10 for Quarters IT, I1l, and TV.

Total mortality {%; year)

Year- —

class Quarter I Quarters TT, 111, IV
1945 45 32
1946 46 50
1947 45 47
1948 20 53
1945 41 56
1950 46 50
1951 56 61
1952 64 81
1953 b6 59
19564 60 53
1955 63 o8
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the estimate of total mortality and presented in
Fig. 7. Percentage annual mortalities ealculated
on this basis range from 29 to 64 for Quarter I and
from 32 to 80 for the remainder of the year. In
general, mortality estimates for the two portions
of the year follow the same pattern although
anomalies do oecur (1948 year-class). The results
also show a generally increasing trend in total
mortality, with estimates for earlier year-classes
generally betwoeen 40-50, while those for later year-
classes are between 55-635%.

Discussion

Variation in recruitment (year-class strength)
has been the dominant feature of the stock of had-
dock from the central Scotian Shelf in the period
considered. While these fluctuations have not
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Fig. 6. Estimate of total mortality (Z) for haddock from
the central Scotian Shelf (ICNAF Div. 4W)
derived from age compositions and catch feffort
of Canadian otter trawlers in Quarters 1L, L1I, and

IV, for year-classes 1945-55.

been as pronounced as those reported in haddock
stocks of 8t. Pierre and Grand Banks (T'empleman,
1966; Hodder, 1966), it appears thal relative
suceess of the fishery has been a direet result of
vear-class strengths, Thus poor vear-classes in
the mid 194€°s resulted in poor landings in the late
1940°s (Fig. 1). The dominant 1952 year-class
and hetter-than-average ycar-classcs in the late
1950’s led to a build-up of Canadian otter-trawl
effort in the 4V-W region. Similarly the poor
year-classes of 1958, 1960, and 1961 probably con-
tributed to decreased Canadian effort in the
region from 1962 to date (Fig. 1).
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No very consistent relationship between the
oceurrence of good year-classes of haddoek on the
central Scotian Shelf and those of other sections
of the Northwest Atlantic can be recognized. The
extremely large 1949 year-class of haddock from
St. Pierre and Grand Bank (Templeman, 1966;
Hodder, 1966) eorresponded with a moderately
good survival of the 1949 year-class on the central
Scotian Shelf. However, this year-class was not
particularly large in the Browns-LaHave region
(Hennemuth, Grosslein, MecCracken, 1964} or in
the Georges Bank region (Taylor, 1958). The
1952 year-class which was strong in all areas of the
Scotian Shelf (Martin and Kohler, 1965) and
Georges Bank (Graham, 1954) had only moderate
survival in the Grand Bank region (Hodder, 19566).

As pointed out by Templeman (1966} and
Hodder (1966), the 1955 year-class of haddock
was outstanding on Grand Banks. However, this
year-class appears not to have been particularly
large on any of the banks to the westward (Henne-
muth et al., 1964; Graham, 1959).

That there has been relatively little change in
size and age composition of haddoek landed in the
Canadian fishery between 1948 and 1965 is an
interesting situation. It seems likely that the
relative mobility of the fleet and the fact that
haddock is a prime target of the fishery are both
ihvolved. Thus examination of landing statistics
in the various ICNAF Statistical Bulletins shows
a reduction in USA effort and landings in the
area as the poor year-classes of the early 1950°s
began to contribute and United States effort was
confined to more western regions. This gap was
filled only slowly by the Canadian effort. As
previously mentioned, the Canadian effort has
also been shifted recently to the more western
regions (4X and 5Z) as poor recruitment of the
1958, 1960, and 1961 year-classes apparently
affected yield to the fishery.

For most of the period considered haddock
were not being taken ineidentally to other species
and fishing mortality was not being imposed from
such efforts. Only recently, about 1963-64, has
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mortality from other fisheries been important, as
the USSR began to exploit silver hake in the
same region. The most noticeable changes in size
and age of haddock landed in the Canadian fishery
have resulted from changes in reeruitment, with
lowering of sizes and ages landed as large year-
classes entered the fishery and inereasing of sizes
and ages landed when poorer year-classes yielded
fewer recruits. Reduction in acceptable size of
fish appears to have played a minor part.

Such stability in sizes landed is in contrast to
the change for cod in the Gulf of St. Lawrence
(4T) where increased effort by less mobile
Canadian fleet and additional fishing mortality
produced by European vessels have resulted in
much redueed landings of large cod (Kohler, 1965).
Vessels of the Canadian and USA fleets, fishing
haddock in Div. 4W, have been larger and more
mobile and have tended to change area or to fish
for other species either seasonally or for longer
periods when ecateh/effort of haddock on the
central Scotian Shelf decreased to undesirable
levels. For haddock the total mortality coeffi-
cient Z =0.60 (Quarter I) and 0.73 (Quarters II,
II1, and IV) from Div. 4V-W is similar to previous
assessments at about 0.70 (ICNAF, 1962). How-
ever, our recent calculations show an inereasing
trend in total annual mortality while previous
estimates suggested that total mortalities were
deereasing significantly (ICNAF, 1962), and in
the period 1955-58 were about Z=0.50. The
lack of change in haddock sizes and ages landed for
the period 1948-64 indicates that fishing effort
and mortality have not changed sufficiently to
change the population structure despite the ap-
parent trends shown by mortality caleulations.
However, the very large catch by the USSR in
1965, taken mainly during July and August when
smaller fish are known to be present, may have
changed markedly the current situation.
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APPENDIN TABLE 1. length frequency haddock landings {avetage number
ICNAF Div, 4W, February-April (Quarter I) and May—

canght/hour trawled, Canadian otter trawlers 151-500 gross tons} from
January (Quarters IL, III, and IV), by years, 1948-65.

Year

Length

{om) 19483 19493 19508 19513 19828 1953 1954 1953 1956 1957 1962 1964
O_uarter]

36.5 - - - — — - — — 0.2 1.9 —- 0.7 .5 1.4 0.8 1.6 -
38.5 0.4 — 0.3 0.4 1.2 — 0.3 0.4 1.5 7.7 9 51 .2 6.6 5.4 ! 1.6 2
40.5 2.3 2.1 3.3 5.5 1.6 0.2 2.7 2.1 5.7 16.5 5 1R.2 4 7.0 190 1 178 N
42.5 31 3.3 11.9 21.7 6.2 3.8 109 49 233 45.0 0 257 .2 3 333 6 300 8
445 2.1 13.2 20.5 46.5 19.0 10.2 26.7 11.6 237 855 0 239 .2 0 510 8 37.6 4
46.5 8.3 23.3 15.% 45.4 38.4 232 392 16.3 285 83.1 9 339 .2 00 491 2 817 0
48.5 8.4 17.1 17.5 41.6 38.7 30.1 501 21.7 24.0 69.6 1 522 7 4 434 7502 .5
505 12.0 2313 16.5 33.8 36.2 4.0 371 298 34.7 530 2 49.2 .8 7T 36.9 .2 413 .2
52.5 g 9 21.6 22.4 24.0 36.0 42.4 355 29.8 306 325 4 422 7 3 230 0 36.6 2
54.5 i1.9 19.6 25.0 19.6 28 .4 38.8 254 33.7 33.3 1283 .5 35.6 4 9 TT 0 30 4
56.5 10.5 20.2 25 5 19.6 0.3 3.4 15.2 27.6 251 24.4 .7 30.8 ] 1 136 L 3.0
58.5 11.3 17.8 19.7 15.4 15.7 0. 105 220 197 475 2 268 .9 22 11.3 0 18,0 9
60.0 7.0 17.5 19.1 10.7 12.6 143 7.9 175 16.7 1.1 41Ty 7.1 7109 1107 9
62.5 8.4 13.2 13.8 13.6 11.5 9.7 5.6 11.8 11.1 10.7 1 12.0 8.9 i 5.0 74 7.2 6
64.5 10.2 9.9 12.0 101 8.1 6.1 3.7 9.7 12.2 7.1 K 9.3 6.8 4 4.7 1.3 3.8 .5
66.5 8.8 5.2 3.8 7.9 6.8 4.1 2.1 9.8 6.4 3.8 .9 6.0 5.1 6.8 3.4 2.0 2 7
68.5 6.0 4.8 4.7 6.2 55 1.0 1.7 4.4 3.2 2.8 .0 4.0 2.5 3.9 2.7 1.1 1.2 .8
70.5 4.1 9.6 3.2 5.0 1.5 0.8 0.6 1.6 0.8 1.6 .6 3.4 0.8 33 1.0 0.3 0, 1
72.5 1.7 1.9 2.1 3.0 0.9 0.2 — 1.0 0.5 0.8 .3 0.6 0.5 1.9 1.0 — 5
74.5 1.7 L5 1.5 - 0.4 — — 0.2 0.2 0.2 .3 0.8 0.1 2.2 0.3 01 2
76.5 0.8 4.2 1.8 0.6 0.4 — - 0.2 — 0.2 .2 0.4 — 1.0 0.1 0.t .
78.5 0.5 0.3 0.6 — — — — — —- 0.2 0.2 1.0 —
£0.5 0.4 0.1 0.3 0.6 0.2 — — - - - 0.1 -— 01

Quarters I1, 111, and TV
32.5 - -~ - — — — 0.9 2.5 — 0.7 3 — 2 .
34.5 - — — — - — — 1.9 8.1 1.0 2.0 6 - 0.1 1 0.1 —
36.5 - 0.4 — — — — 3.2 12,9 2.1 6.5 7 0.3 — 0.4 .4 1.3 2
38.5 - 1.6 0.6 -— — 3.7 — 141 43.8 0.5 14.3 .9 1.6 0.3 1.8 3 4.8 2
405 0.4 12.3 4.7 5.6 1.5 18.4 - 28.4 104 5 35.4 258 .3 4.9 5.4 6.1 A 7.7 N
42.5 13 235 21.8 22.2 6.7 3.0 5.9 20.6 1142 42.1 3538 .2 58 14.8 11.9 0 13.7 ¥
445 5.2 27.8 24.6 4.7 225 37.4 13.4 232 1341 861 36.2 2 3 k54 223 172 0
46.5 12.2 24.8 34.5 53.9 46.5 404 243 31.6 80.9 91.7 3512 .4 8 312 2.9 0 20.3 .8
48,5 15.2 24.5 32.7 50.3 18.6 45.4 249 363 463 67.4 370 6 2292 298 .2 195 E:
505 12.5 27.8 3.4 27.2 51.1 55,6 38.2 36.5 46.3 549 368 .2 & 173 6.5 6 20.3 2
52.5 12.9 23.2 16.1 16.4 292 0.5 296 295 252 435 7.0 .8 4 156 179 4 LT 0
54.5 1.2 20.3 12.5 11.2 17.3 263 369 2035 21.4 6.1 198 A .5 8.4 13.3 8 133 .1
56.5 9.6 17.2 15.8 8.0 9.0 24.2 26.9 157 186 23.0 120 5.6 4 6.8 7.2 123 0
58.5 8.1 13.7 12.9 76 5.3 6.8 37.6 141 2.4 197 7.2 4.8 1 k] 1.3 .8 8.1 9
60.5 6.5 9.7 10.9 5.5 3.0 8.4 16.3 6.1 7.0 10.8 4.8 3.8 7 2.5 28 .5 i 9
62.5 1.6 9.7 7.5 5.3 2.7 4.6 220 6.3 2.0 4.5 2.9 1.2 2 2.1 1.5 R 3 5
64.5 4.1 [ 4.0 3.7 2.0 31 163 2.8 1.4 1.2 1.7 1.3 .8 0.7 0.7 3 2. 3
065 7.8 6.1 1.9 2.8 1.0 3.1 7.8 2.9 1.5 1.3 1.5 0.8 7 0.7 0.5 8 1. 2
68.5 5.7 1.6 1.4 1.2 0.5 0.7 5.7 1.0 07 0.4 1.4 — 4 0.2 02 .2 0. 3
70.5 4.4 3.8 - 1.1 2.3 3.5 1.0 0.3 — 0.5 0.3 0.1 3 0. 7
2.5 1.5 1.3 - 0.2 — 0.8 0.7 o1 02 2 0.
74.5 1.4 0.4 — — — - 2.1 0.2 - 01 01 -
76.5 0.4 0.7 0.7 - — — — — — 0.2 . —
i8.5 0.4 0.4 — 0.2 - - — — — o1 [ -
£0.5 0.5 0.2 — — — — — — -

aIncludes 4V since landings not separated until 1953,
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Age composition haddock landings in terms of catch/hour as landed by Canadian otter trawlers, 151-500 gross tons, from ICNAF
Div, 4W, February-April (Quarter 1) and May-January (Quarters IT, 11, and 1V), by years, 1948635,

Year
Age
{yr} 19482 19493 19502 O 19523 1953 1954 1955 1936 1957 1958 1959 1960 1361 1962 1963 1964 1965
Quarter |
2 — p— — J— J— — —_ p— —_ -— —_ —_— —_— p— - J— J— —
3 — — 3 — 1 1 — — — 2 — 3 — — — — 1 -—
4 19 17 32 55 7 30 13 16 54 48 45 48 41 86 ) 25 22 L £:3
5 40 87 48 168 95 65 80 45 41 263 78 79 142 211 100 41 162 28
[ 21 74 76 36 101 103 34 90 51 73 305 68 76 115 124 170 60 62
7 21 14 55 41 43 40 54 33 68 60 62 153 68 49 48 88 81 25
8 13 11 & 25 20 27 4 44 26 38 42 23 54 26 30 28 36 34
9 5 9 7 — 11 1t 20 2t 46 10 42 12 17 29 15 7 9 6
10 6 7 2 2 4 2 — T 12 10 15 10 9 9 10 1 2 2
11 2 3 6 2 2 1 — - 4 4 10 5 6 3 2 1 5 1
12 3 5 3 1 4 — — - 1 1 3 2 6 5 2 — 1 —
13 1 i 1 1 1 1 — - 1 — — — 2 3 1 - — —
14 2 1 1 - 1 1 — — 1 — 2 1 1 1 — — - —
15 1 — 1 — — 1 — — — — — — — — — e — —
16 1 — — — — — — — — — — - — - — — — —
17 — 1 - — — — - - — — — — — —- — — — —
Quarters I, TII, and IV
2 ] 1 — — 3 — — 10 3 — 1 - — 2 — - — 1
3 7 38 19 3 44 27 4 110 74 9 63 121 6 2 5 1 7 27
4 48 31 56 71 50 120 28 33 420 86 79 127 02 28 11 67 9 20
3 36 o 31 110 96 63 104 40 30 315 40 33 97 i3 82 3 61 17
o 8 68 64 45 37 86 30 45 38 49 97 19 20 38 57 62 21 30
7 e 9 40 23 10 38 T 18 41 23 10 40 18 6 16 27 37 11
8 7 5 3 8 35 13 40 26 11 29 7 — 19 10 6 3 25 13
0 5 6 10 4 2 5 21 3 12 5 8 3 4 4 1 1 6 3
14 2 4 3 2 —_ — — 3 3 4 1 1 — 1 — — 1 1
11 3 2 6 1 -— 4 ] 1 1 1 2 — 1 —_— — — 1 1
12 1 2 1 — — — — —_— 1 1 — - — — — — -— —_
13 — 2 — —_ — — -_— — —_ — — - 2 — — — — —_
14 — _ 1 — —_ — —_— — —_ - — —_ —— — — —_ — —_
£5 — -— 1 — —_— — — — — — —_ — - — — — — —
16 -— —_ — — — 1 —_ — — - — — —_ —_ — —_ - _
17 — — -— — -— 4 — —_ — - — — — — — —_ — —_

AIncludes 4V since landings not separated prior to 1953,




A Comparison of Current and Long-Term Temperatures of
Continental Shelf Waters, Nova Scotia to Long Island

BY JOHN B. COLTON, JR.

Abstract

Offshore temperature conditions during December
1964 and 1965, March 1953, 1965, and 1966, and May—
June and September 1965 and 1966 are compared with
1940-59 mean values for these months. Charts showing
the distribution of temperature at the surface, 20 m,
50 m, and 100 m, and of temperature anomalies at the
surface. 20 m, and 50 m are presented. At most loeations
and depths the 1964-66 temperatures were appreciably
eolder than the 1940-59 mean values. The magnitude
of the negative anomalies tended to be greatest in areas
off the edge of the Continental Shelf. Temperatures in
March 1953 were warmer than the 1940--59 mean values,
These trends paralleled trends at coastal stations as
exemplified by Boothbay Harbor, Maine temperatures.
The reliability of the use of coastal temperatures for in-
dexing offshore conditions, the possible biological effects
of warming and eooling trends, and the causes of these
trends are discussed.

Introduction

This paper provides a summary of current
and long-term temperaturc conditions during
March, May—June, Seplember, and December in
the Continental Shelf area bounded by longitudes
64°W and 72°W. The long-term temperature
data are for 1940-59, and are from the file of
bathythermograph and oceanographie station
observations at the Woods Hole Oceanographie
Institution. The eurrent temperature data were
collected on a series of cight quarterly environ-
mental surveys made by the U.S. Burecau of Com-
mereial Fisheries from December 1964 to Sep-
tember 1966. These surveys, conducted during a
period of severe drought in the New England area,
afford an opportunity to compare recent inshore
and offshore temperatures with long-term means.

Analysis of the Data

The initial monthly tabulation of the 1940 -
59 temperature data was made on a basis of 10-
min quadrangles at depthsof 1, 10, 20, 30, 40, 50,

75, 100, 150, 200, and 250 m. In this report
these data have been grouped in terms of 30-min
gquadrangles.

Observations for any month within a given
vear were weighted in favor of certain days
(dates). To offset possible bias in determining
monthly means all data for a given day were
averaged and monthly means based on the daily
means rather than on the total number of obser-
vations. Some of the inshore quadrangles in-
cluded daily ohservalions made at lightships.
To eliminate the bias of the data in these quad-
rangles due to the preponderance of lightship oh-
servationg, 10-day mean values of lighiship ob-
servations were determined for each month and
these values treated as three observations.

Beeause observations were so few in certain
months, the 1940-59 monthiy mean values at
specific depths were plotted and smooth curves
showing the seasonal cyele of temperature were
drawn as described by Fuglister (1947). In
drawing these curves the greatest weight was
given to mean values for months having the most
vears represented. The resultanl curves for
speeific depths in adjacent quadrangles were so
closely similar that oeccasional inconsistencies in
the data were obvious. A sample of scasonal
temperature curves and the corrections applied
at the surface, 50 m, and 100 m is shown in Fig. 1.
The correction applied to monthly mean values
based on a small number of observations was
often considerable; where only a few years were
represented the corrected value was sometimes
outside the range of the observed temperatures.

All 1940-59 meanh temperature values were
read from these seasonal curves and isotherms
were drawn on a basis of corrected values entered
at the center of cach 30-min quadrangle. The
May-June mean temperature values for 1940-59
are based on an average of the corrected values for
these 2 months. Temperature distributions based

Byreau of Commercial Fisheries Biologieal Laboratory, Woods Hole, Massachusetts, UTSA.
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Seasonal temperature eurves and temperature corrections applied for 30-min
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on the quarterly environmental survey data were
determined from ¢n situ bathythermograph obser-
vations.

Accuracy of the Data

The greatest single source of error in the
1940-59 mean temperature data was faulty navi-
gation. Position errors were not always easy to
detect, but in relatively shoal water (<250 m)
a comparison of the bathythermograph echo
sounder depth with chart soundings usually would
reveal the error. Errors due to defective instru-
ments were relatively few and these were usually
detected easily. A considerable amount of per-
sonal judgment was involved in deeiding what
observations were in error; generally this decision
was withheld until a comparison could be made
with supplementary observations.

Validity of the Data

Iselin (1955} has discussed the complications
of obtaining a synoptie picture of the distribution
of physical and chemical properties in coastal
waters characterized by strong tidal and non-
tida] eurrents and short-period internal waves,
Ohviously when observations are averaged for an
area as large as a 30-min quadrangle for a period
as long as a menth, only the most general approxi-
mation of reality is obtained. This fact is evi-
denced by the appreciable ranges in monthly
temperature values observed in most quad-
rangles and at most depths and by the greater
sharpness of horizontal and vertieal gradients
based on quarterly environmental survey data
compared with those based on 1940-59 mean
data. The validity of the temperature estimates
based on monthly mean values varies with the
season. These estimates are nearest actual con-
ditions in the winter, when temperature gradients
are weak over most of the area. Summer on the
other hand, is a period of strong horizontal and
vertical stratification.

Examples of short-term temperature fluetu-
ations at anchor and parachute drogue stations
and at “repeat’ sections in the Gulf of Maine-
Georges Bank area during the summer are shown
in Tig. 2. The variations in temperature observ-
cd in a speeific water mass and at specific loca-
tions were considerable; it is apparent that in-
ternal waves as well as advection were a con-
tributing factor. Although the methods used im-
pose serious limitations, whereby temperature

values based on long-term averages are employed
to interpret conditions in a region characterized
by large temporal and spatial fluctuations, the
method does appear to provide a general picture
of the major temperature features to which specific
cruise data may be compared.

Distribution of Temperature

The distribution of temperature during
Mareh, May-June, September, and December
at the surface, 20 m, 50 m, and 100 m, based on
1940-59 mean values and 1964, 1965, and 1966
quarterly environmental survey data is shown in
Fig. 3-10.

In general, the 20-vear mean and specific
vear seasonal and areal temperature trends at all
depths were similar; minimum temperatures oe-
curred in March and inshore and maximum temp-
eratures occurred in Septemher and offshore.
As would be expected, the temperature gradients
based on survey cruise data were much sharper
than those based on 1940-59 mean valies. The
contrasf in the complexity of the distribution
patterns based on 1940-59 mean and survey
cruise data was greatest in September. The most
striking feature of the data is that with but few
exeeptions the survey cruise temperatures were
lower than the 1940-59 mean temperatures during
all months and at all depths and locations,

Temperature Anomalies

To assess eurrent temperature trends more
effectively, temperature anomalies were com-
puted as the difference between the monthly
mean for a specific year and the monthly mean
for the base period 1940--59. In determining
194(0-59 means, 30-min quadrangle values within
1- or 1/2-degrec quadrangles were averaged.
Monthly means for speecific years were determined
by averaging all station data within 1- or 1./2-
degree quadrangles. Values from survey cruise
stations located on whole degree latitude or longi-
tude lines were entered in the guadrangle im-
mediately to the south or west. Monthly temp-
erature anomalies at the surface, 20 m and 50 m
for specifie years are shown in Fig. 11-14.

With the exception of surface values along
the New England coast during May-June 1965
and 1966, 20-m values in the Wilkingon Basin
area in September 1965, and surface and 20-m
values in the central and western Gulf of Maine
and off the southwest coast of Nova Secotia in
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September 1966, all temperature anomaly values
were negative. Alihough not illustrated, all
100-m anomalies were negative with the cexcep-
tion of positive values at the extreme south-
easterly quadrangle during May—-June 1965 and
1966. Constdering that at most locations and
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seasons the temperature data from survey cruises
were characterized by marked short-term fluetu-
ations and that the temperature data for any
quadrangle represent a sampling period of less
than 12 hr, the temperature anomalies are re-
markably consistent.
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SURFACE 20 METERS

MARCH, 1940-59

ALB, I¥ CRUISE 65-3
9-20 MARCH, 1965

ALB.T™L. CRUISE 66-2
2—-t4 MARCH, 19686

Fig. 3. Temperature distribution at the surface and 20 m, March 1940-59, 1965, and 1966,
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50 METERS {00 METERS

MARCH, 1940 —59

ALB. I¥ CRUISE 65—3 i
9—-20 MARCH, 1965 ‘

ALB.I¥ CRUISE 66 —2 ’
2—-14 MARCH, 1966

Fig. 4. Temperature distribution at 50 and 100 m, Mareh 1940-59, 1965, and 1966.
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SURFACE 20 METERS

MAY —JUNE, 1940-59

ALB T¥ CRUISE 65-7
i9 MAY — 3 JUNE, I965

ALB.I¥ CRUISE 66 — 7
24 MAY -7 JUNE, 1966

Fig. 5. Temperature distribution at the surface and 20 m, May-June 1940- 59, 1965, and 1966,
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SURFACE 20 METERS

SEPTEMBER, 1940-5¢

ALB.IX CRUISE &5—1[2
4—-16 SEPT, 1965

ALB.I¥ CRUISE 66—12
8-23 SEPT, |96E

Fig. 7. Temperature distribution at the surface and 20 m, September 1940-59, 1965, and 1966.
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50 METERS 100 METERS
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| 4— 16 SEPT, 1965
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Fig. 8. Temperature distribution at 50 and 100 m, September 1940-59, 1965, and 1966.
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SURFACE 20 METERS

DECEMBER, 1940~ 59

| ALB.T CRUISE 64— 14
3-18 DEC., 1964
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50 METERS

100 METERS

DECEMBER, 1940 — 59

| ALB.I¥ CRUISE 64 - |4
3-18 DEC., 1964

ALB.I¥ CRUISE 65— 15

B-22 DEC., 1965
T
., o, ) b S . . \

%

Fig. 10.  Temperature distribution at 50 and 100 m, December 1940-59, 1964, and 1965,
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MARCH

NEGATIVE

1965 T POSITIVE 1966

Fig. 11. Temperature anomalies at the surface, 20 m, and 50 m, Mareh 1965 and 1966,
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Fig. 12.

Temperature anomalies at the surface, 20 m, and 50 m, May June 1965 and 1966.
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In general, the greatest negative anomalies
occurred south of Georges and Browns Banks.
The boundary between high and low negative
values roughly paralleled the 100-m isobath.
The most marked exeeption to this situation was
the oecurrence of an area of relatively high nega-
tive anomalies at the 20-m level southwest of
Nova Secotia in September 1965. The highest
positive anomalies (>2°C) oceurred in this same
general area at the surface and 20-m in Sep-
tember 1966.

A surface-water cooling trend eommencing
in the middle 195("'s has been observed at Atlantic
eoast stations from Halifax, Nova Scotia to Cape
Hatteras (Lauzier 1965; Stearns 1965). This
cooling trend has been most pronounced along

SURFACE

20 METERS

the coast between Cape Sable and Long lsland.
One of the longest series of inshore temperature
records are the observations made at Boothbay
Harbor, Maine. These daily reeords, maintained
since 1905, show that preceding the current cool-
ing period, a significant warming period began
about 1945 and reached a maximum during 1952—
53. This warming trend was discernible in off-
shore data as well (Taylor, Bigelow, and Graham
1957).

In Fig. 15 are plotted temperature anomalies
at the surface, 20-m, and 50-m during March
1953 (Albatross ITT Cruise 46, 19 Mareh—2 April)
relative to the March 1940—59 mean. The anom-
alies in all areas and at all depths were positive,
but tended to be highest over shoal water areas.

50 METERS

Fig. 15.

Seasonal surface-temperature curves hased
on monthly mean temperatures al Boothbay
Harbor, Maine, for the period 1943-59, 1953,
196466 are shown in Fig. 16. Temperature data
for theperiod 1940-55 are from Bumpus (1957}.
Subsequent data were obtained from the files at
the Woods Hole Oceanographic Institution. 'With
the exeeption of January and February 1964 and
May 1965, all monthly mean temperatures in the
1960’s were lower than the 1940-59 means. The
seasonal magnitude of the negative anomalies at
Boothbay Harbor and of the anomalies observed
in the immediate offshore region during the 1960
survey cruises were similar. For example, the
May-June survey data showed a slight positive
anomaly for the quadrangle immediately ad-
jacent to Boothbay Harbor in 1965 and May was
the only month in 1965 in which the Boothbay
monthly mean temperature was not lower than
the 1940-59 mean. During most months in the
1960°s the negative anomalies in deep-water

Temperature anomalies at the surface, 20 m, and 50 m, March 1953.

offshore areas were greater than the negative
anomalies at Boothbay Harbor.

The 1953 monthly mean temperatures at
Boothbay Harbor were appreciably higher than
the 1940-59 means. In March 1953 the positive
anomaly at Boothbay Harbor was greater than
that in any offshore area. A comparison of
monthly mean temperatures at Boothbay Harbor
from 1906 to 1927 and 1928 to 1949 by Taylor
et al {1957) showed significant increases in winter
temperatures (November—-February) but slight
decreases in summer temperatures (July—Sep-
tember) during the latter period. In 1953, al-
though the anomalies were greater in the winter,
the anomalies were positive for all months. The
similarity of the temperature trends at Boothbay
Harbor and offshore areas in the 1960's indicate
that at least during the peak of the warming period
temperatures were higher during all months in the
majority of offshore areas as well.
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Discussion

Earlier publications give clear evidence of
eyelie change in ocean temperatures off New Eng-
land and the Maritime Provinces. A comparison
of offshore temperatures for 1953--54 and 1912-
26 made by Taylor et al (1957) indieated an in-
erease of from 0.5° to 2.0°C throughout the water
column since 1912-26 in most parts of the Gulf of
Maine. Lauzier {1965) showed that trends in
bottom temperature on the Seotian Shelf and in
the Bay of Fundy were similar to the surface
temperature trends at St. Andrews, New Bruns-
wick and Boothbay Harbor, Maine, although the
rate of cooling during the late 1950's and early
1960’s was more pronounced within the bottom
water.

The data from the 1964-66 survey cruise
further document the faet that similar tempera-
ture fluctuations oeccurred offshore and within
water masses as well as at the surface. Although
temperature anomalies tended to be greater in the
deeper water along the edge of the Continental
Shelf, the trends in inshore temperature resembled
those in most offshore areas. Clearly we may
now place more reliance on the use of inghore
temperature observations ag an index to offshore
conditions.

Taylor et al (1957} concluded that the eom-
position of the fish and invertebrate fauna in the
Gulf of Maine had undergone no obvious general
change as a eonsequence of the warming trend
during the early 1950°'s. To my knowledge,
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there is also no evidence of a congpicuous change
in faunal eomposition during the current eooling
period. These temperature fluctuations do,
nevertheless have significant effects,

For example, the timing of haddock spawn-
ing appears to be regulated in part by lempera-
ture. Fish egg and larval surveys conducted
during 1953, 1955, and 1956 showed that the main
spawning on (Georges Bank was in March and
April at prevailing water temperatures of 4° to
7°C {Colton and Temple, 1961). Spawning be-
gan at ghout the time of the start of vernal warm-
ing. In Table I are tabulated the March and
April mean temperatures at Boothbay Harbor
during 1953, 1955, and 1956 and the Mareh/April
ratio of egg abundance on Georges Hank during
these same years, As March and April mean
temperatures decreased during succeeding years
the time of maximum spawning on Georges Bank
was delayed correspondingly as indicated by the
deerease in the March April egg abundance
ratio.

TABLE 1. March and April mean temperafures at
Boothbay Harbor and the March /April
ratio of haddock cgg abundance on Georges

Bank, 1953, 1955, and 1956.

Temperature, °C" Mareh ‘April ez

Year Mareh April abundanee ratio
1963 4.1 7.5 7.3
1955 4.2 6.9 27
1946 3.2 5.3 1.3

An unpublished analysis of the distribution
and abundance of Calanus finmarchicus based on
collections made during the 1953 and 1955 egg
and larval surveys revealed a difference also in
the timing of the vernal augmentation of the stock
of Calanus during these 2 years. The develop-
mental stages collected in the cruises of 1953
indieate that the main spawning of the overwin-
tering stock oceurred in February and that the
progeny of that spawning reached maturity in late
May., 1n 1955 the overwintering stoek did not
spawn until March and the second generation
did not reach maturity until late June, Tt is
highly probable that spawning time and avail-
ability of food organisms of suitable size influence
the survival rate of larval and juvenile fish.

Lauzier {1965) suggested that varnations In
the degree of upwelling due to fluctuations in the
intensity of westerly winds could effect short-
term changes in annual temperatures along the
(Canadian Atlantic coast. The nature of the dis-
tribution of temperature and negative anomalies
observed during the survey ecruises of 1964-66
however, give evidence that temperature trends
recorded at most Atlantic coast stations are not
caused by variations in loeal conditions such as
upwelling and river runoff, but are due in large
megsure to changes in the relative position and
degree of mixing of coastal and oeeanic water
masses. 4n example is the fact that the gradient
of negative anomalies which occurred off the
edge of the Continental Shelf was least during
september, a period 1n which indications of in-
trusions of Slope and Gulf Stream water onto the
southern edge of Georges Bank have been most
frequent (Colton., 1961). It would appesr also
that the change in sign of the anomalies off the
southwest coast of Nova Secotia in September
1965 (negative) and 1966 (positive) resulted from
a variation in the degree of influx of Nova Heotian
current water into this area during these vears.

It has heen postulated by Iselin (1940) and
Stommel (1958) that the degree of mixing of
coastal and oceanie water and the resulting warm-
ing or cooling of North Atlantic coastal water are
related to fluetuations in the strength of the
North Atlantie gyvre.  Bjerknes (1963) and Rode-
wald (1963) have related these changes in oceanie
cireulation to variations in atmospherie ¢ireula-
tion due to changes in the relative strengths of the
Bermuda-Azores High and the Ieelandic Low.
The cooling trends have been linked to a constrie-
tion and warming trends to an expansion of the
warm oceanic water mass,

Summary

Although long-term mean {emperatures were
used to interpret conditions in a region charactoer-
ized by short-term temperature fluetuations, the
method appears to provide a measure of major
temperature conditions to which specific cruise
data may be compared.

The 20-vear mean and specifie-vear seasonal
and areal temperature trends were similar; mini-
mum iemperatures occurred in March and in-
shore and maximum temperatures in Septomber
and offshore.



COLTON: A COMPARISON OF CURRENT AND LONG-TERM TEMPERATURES 129

During all seasons and at most locations and
depths the 1964-66 temperatures were appreel-
ably lower than the 1940--59 mean values. The
magnitude of the negative anomalies was grealest
it areas off the edge of the Continental Shelf.
Temperaturcs in Marech 1953 were higher than
the 1940- 59 mean values.

The trends in offshore temperatures at the
surface and within water masses paralleled trends
in surface temperatures at Boothbay Harbor,
Maine. These correlations justify the use of
inshore temperature observations for indexing
offshore conditions.

A delay in the timing of maximum haddock
spawning on Georges Bank in 1955 and 1956 as
compared with 1953, and of the vernal angmenta-
tion of the stock of Calanus finmarchicus in the
Gulf of Maine during 1955 as compared with 1953
was attributed to deecreasing temperatures.

The nature of the distribution of tempera-
ture and of negative anomalics observed in 1964-
66 suggest thal temperature trends recorded at
most Atlantic coast stations depend in large
measure on the relative position and degree of
mixing of coastal and oceanic water masses.
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Thermostability of Isolated Muscle in Determining the Taxonomic

Relationship of the marinus- and mentella-Types of the Redfish
(Sebastes)

BY JU. P. ALTUKHOV, ' G. N. NEFYODOV,! AND A. N. PAYUSOVA'

Abstract

The thermostability of isolated muscles was studied in
more than 1,000 specimens of the martnus- and meniella-
types of redfish from the Northwest Atlantic Ocean. The
two types were found to differ with the mentella-type hav-
ing the higher level of thermostability.

Since the thermostability of isolated musecles has been
established as a species speeifie eriterion for poikilothermal
animals, it has been possible to determine the taxonomic
range of the differences between the marinus- and mentella-
types of redfish.

Introduction

The problem of the taxonomie relationship of
the marinus- and mentelle- types of redfish from
the North Atlantic Ocean has remained unresolved
to the present time. TFor example, Travin (1951),
using morphological characteristies, described
mentello as an independent species, Sehastes men-
tella Travin, whereas Andrivashev (1954)
deseribed it as a subspecies, Sebastes marinus infsp.
mentelle Travin. Other researchers prefer to
speak of different subspecies and even “types’ of
redfish (e.g. Kotthaus, 1961).

The essential differences between the marinus-
and mentella-types of redfish can be established not
only from their morphological characteristics, but
also from biochemical and immunoclogical studies
{Schaeffer, 1961; O’Rourke, 1961). Hence, it
seems expedient to look for divergences in North
Atlantic redfish in a number of other features
which are of diagnostic value in the systematies of
species. This report deals with the results of an
analysis of the differentiation of the marinus- and
mentella-types in accordance with the degree of
thermostability of isolated muscle tissue, which
has been established as a speecies speecifie criterion
for the poikilothermal animals (Ushakov, 1959,
1964).

Material and Methods

This study was made on R/V Sevastopol in
September-October 1964 and repeated in August
1965, in the Northwest Atlantic Qcean. Figure 1
shows the sampling loeations. The experiments
consisted of determining and comparing, according
to Ushakov's (1959) method, the thermostability
of isolated muscles (m. geniohyoideus) of the red-
fish eaught in trawls.

The musecle specimens were attached to thin
glass rods and inserted into Dewar vessels, which
were one-third filled with Ringer’s solution heated
within * 0.2°C precigion. From time to time the
musele speeimens were removed for several seconds
and tested for the excitability of tissues to indueted
eleetric current from a transistorized stimulator
with a maximum voltage of 130 v (Arzumanov and
Kusakina, 1960). The length of time whieh the
tissue retained excitability, from the moment it
was immersed. in the heated solution to the com-
plete absence of contraction even in the filaments
which were the most resistant to the action of the
heat, served as the measure of thermostability.
Research was earried out at experimental tempera-
tures of 24°, 26°, 28°, and 30°C and at one experi-
mental temperature of 28°C which provided an
opportunity to analyze the inter- and intra-popula-
tion variability of the feature. A total of 1,023
experiments to determine the thermostability of
isolated muscles of redfish were completed.

Results

Results of determination of thermostability of
museles of redfish from the Tceland area at several
experimental temperatures are shown in Table 1
and Fig. 2. Figure 2 shows that musele tissue of
the mentella-type redfish is approximately 2°C
more stable thermally than muscle tissue of the

"Moseow University and Polar Research Institute of Marine Fisheries and Oceanography, Murmansk, USSR.
2Present address: (Glenetics Laboratory, Department of Marine Biology, Vladivestok 22, USSR.
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Kig. 1. Location of eatches of redfish for eytophysiological experiments. O = menlella-type; @ = marinus-type;
X = “intermediary’” redfish.
TABLE 1. Retention time of exeitability (in minutes) of isolated musele tissue of redfishes from the Northwest Atlantie at
various temperatures (n = number of tests; M * m = the arithmetic mean and its error in the second power;
P = probability of difference unreliability).
24°C 26°C 28°C 30°C
Type of _
redfish n MIm P n M*tm P n MZIm P n M*m P
mentella — — 17 59.9 T 34 20 28.3 F 21 7 119 F16
— 0.001 0.01 042
intermediary 18 61.1 * 38 10 39.2 * 14 17 216 0.9 13 95T 1.6
0.60 0.01 0.001
marinus 9 554 176 15 288 T a7 25 154 09 — — —
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Fig. 2, Thermostability of isolated museles of redfish from the North-
west Ablantic. 1 = maertnus-type; 2 = menielia-type;
3 = “intermediary” redfish,

TABLEI‘Q. Thermostahility (in minutes) of the isolated muscles of redfishes at various loeations and times in the North-
west’ Atlantie, and tested at 28°C (n = number of tests; M T m = the arithmetic mean and its evror in the
second power; P = probability of difference unreliability).

Type of
redfish Sampling location and date n MIm P
marinus leeland, Augnst, 1965 109 136 © 069
Fast Greenland, October, 1964 71 14.25 078
0.001
West Greenland, September, 1964; August, 1963 166 20.05 1 0.58
0.001
mentella leeland, October, 1964; August, 1965 95 27.8 T LOT
East Greenland, September, 1964; August, 1965 82 27.9 I Li3
West (reenland, September, 1964; August, 1965 80 284 F 1.09
Labrador, August, 1965 142 285 £ 078
0.001
intermediary Labrador, Greenland, Iceland;

September—October, 1964; August, 1965 189 227 ¥ 075
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marinus-type. The difference is statistically sig-
nificant (Table 1) and is in agreement with the
differentiation which can usualiy be observed
when the thermostahility of cells of species of fish
and other poikilothermal animals which are closely
related taxonowmically is compared (Kusakina,
1959; Altukhov, 1962q, b, 1967: Altukhov and
Glushankova, 1966; Ushakov, 1864; Kaufman,
1965).

However, in nearly all the areas inhabited by
redfish in the Northwest Atlantie, considerable
quantities of fish are caught which have morpholo-
gical characteristies of both the merinus- and
mentella-types and are probably their hyhrids
(Kotthaus. 19616; Travin and Pechenik, 1962).
In confirmity with these data, the results of com-
parison of the thermostability of musecle tissue,
both in the initial types and in redfish with mixed
characteristies, i.e., the “intermediary’” level of
thermostalility (Fig. 2}, Comparison does not
show any statistical difference between the “inter-
mediary” type and the marinus-type at 24°C or
between the “‘intermediary’” tyvpe and meniella-
type at 30°C (Table 1).

The results of determinations of the thermo-
stability of the isolated musecle tissue of redfish at
an experimental temperature of 28°C are given in
Table 2, and show that all samnples of the mentella-
type are characterized by & pattern which coin-
cides with the average. The amplitude of varabi-
lity was also the same. 'This indicates the lack of
inter-population variability of ithe given feature
and, Lenece, the homogeneity of the population of
the mentella-type redfish in the areas studied. A
simnilar picture is obtained for Ieelandic and East
Greenland populations of the marinus-type which,
being cytophysiologically identical, differ tangibiy
from the mentella-type in muscle thermostability.
At the same time, the martnus-type redfish from
West Greenland is characterized by a specifie level
of musele thermostability which differs both from
the [celandie-East Greenland marinus-type and
from the mentella-type and oceupies an inter-
mediary position.

Figure 3 shows the distribution of the thermo-
stability of museles in the marinus, mentella, and
“intermediary’ redfish. {The problem of the
right-hand assymetry of curves of this kind is
considered by Ushakov and Chernokozheva
(1963).; The figure shows that each of the forms
of redfish studied has its own peculiar distribution,
The marinus- and mentella-types are characterized
by unimodal curves No. | and 2 respectively in

Fig. 3, whereas the “intermediary’ redfish has a
bimodal curve. This means that, in the waters of
Ieeland, Greenland, and Labrador, where natural
hybridization takes place among redfish, there is
cither a splitting of the feature studied into Fy, or
the “intermediary’ fish appear as a result of re-
verse crossings between the partially fertile F,
hybrids and the initial forms.

The curve of the distribution of the thermo-
stability of muscles of the marinus- type from West
Greenland waters (Fig. 3) is of special interest. Tt
is unimodal and oecupics an intermediary position
between the corresponding curves for the mentella-
and marinus-types from leceland and East Green-
land. Table 2 shows that the average lifetime of
the museles of the West Greenland martnus-type
redfish (20.05 * 0.58 min) differs from that ob-
tained for the marinus-type from Iceland (13.6
T 0.69 min) and from Kast Greenland (14.25 +
0.78 min), and is much closer to the level of ther-
mostability of the museles of the “intermediary”
redfish (22,7 = 0.75 min).

Thus, the expernitrental material reveals the
existence in the sampled area of Northwest
Atlantie of four eytophysiologically different popu-
lations of redfish: mentella, “intermediary”, and
marinus, represented, on the one hand, by the
West Greenland, and, on the other—by Icelandic
and East Greenland redfish. The hybrid nature
of the “intermediary”” type is not doubted. Asfor
the West Greenland marinus-type, the results of
eytophysiological analysis suggest that it is a
hybrid. Apparently, this type of redfish 1s a
marrnus-type in appearance only, but, genotypi-
cally, it is 2 first generation hybrid of homozygous
fishes of the marinus- and mentella-types.

Biological data obtained by Zakharov (1962)
which show the juvenile nature of a considerable
part of the population of the marinus-type in the
waters of West Greenland, also support such an
assumption. The author, in the course of the last
6-7 yvears, has analyzed about 5,000 adult females
and concluded that from the condition of their
gonads, they were no different from the immature
marinus-type from the Barents Sea.

According to the cylophysiological evidence
presented above, the marinus-and mentella-types
are quite different. Hence, the possibility eannot
be excluded that the juvenile nature of the popula-
tion of females of the West Greenland marinus-
type is the consequence of their hybrid origin from
initial types, between which there exists a certain
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Fig. 3. Curves giving the distribution of thermostability of isolated musecle tissue

of the types of redfish studied.
Greenland; 2 = mentella-type;

1 = marinus-type from Iceland and East
3 = marinus-type from West Greenland ;

4 = “intermediary’’ redfish.

degree of physiological isolation. This leads to
the underdevelopment of the reproductive system
of a considerable proportion of the F; hybrids
which eannot be identified externally as different
from the marinus-type. This violation probably
occurs mainly in the females and, to a lesser degree,
in the males, if we assume that they are homoga-
mous.

These data suggest that the so-called inter-
mediary redfish appear as the result of initial types
of redfish mating with the sexually mature males
and, partly, with the hybrid females, of the I,
generation. The pairing and spawning take place
in the area of leeland, and redfish is concentrated
in the West Greenland through transport of the fry
by the Irminger, East Greenland, and West
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Greenland currents (Téaning, 1949; Templeman,
1959; Zakharov, 1962). It seems highly probable
that the F; hybrids, because of their hybrid vigor
are especially abundant in West Greenland waters.
It is not difficult to imagine the effect of natural
selection (Templeman, 1959} tells of the discovery
of dead fry and even adult redfish in the cold
waters in West Greenland), when the temperature
conditions for the drift of fry in the warm Irminger
Current (4° to 6°C) are compared with that in the
fjords where the fry settle. In the latter case the
water temperature goes down to 2°C and some-
times to 0°C and even lower (Kulerich, 1943;
Taning, 1949; Dunbar, 1951; Templeman, 1959;
Herman, 1963}, and is clearly outside the tolerance
limits for redfish.

The above may be summarized as follows.
Based on the results of eytophysiological analysis
and on available data on the biological characteris-
tics of the population of marinus redfish from West
Greenland, it is suggesled that this population is,
10 a considerable degree, represented by sterile
hybrids of the F'; generation, and that it is formed
as the result of the eliminatlion of the fry of the
initial types of redfish which are carried from the
spawning grounds at Iceland and Denmark Strait
and which encounter unfavourably low tempera-
tures during their drift and in the fjords. Needless
to say, the assumptions latd .down here are only in
the nature of a hypothesis which needs further
experimenial research. Biochemieal evidence in
favour of such an assumption is given in another
paper (Altukhov ef ql., 1958).

Discussion

Tu conclusion let us constder the problem of
the taxonomic status of the differentiation between
the marinus- and mentella-types of redfish, In
addition to the conelusions of Travin (1951) on the
species type and Andriyashev (1954) on the sub-
species  type, those of O'Rourke (1961) and
Kotthaus (1961) based on biochemico-immunolo-
gical and morphological data, respectively, must
also be considered.

('Rourke’s proposal that the analyzed types
are sibling-speecies, 18 questionable, since these
fishes appear quite different from one another in
most parts of their areal distribution.

Kotthaus (1961) puts forward three possible
explanations for the taxonomie and phylogenetic
relationship amoug the redfish: (1) the marinus-
and mentella-types are independent species con-

nected by intermediary fish of hybrid origin; (2)
the marinus-type 1s a phylogenetically more
ancient type from which the mentella-type has
detached itself. Here the proeess of the speciation
has not been terminated yet, henee, the emergence
of intermediary forms; (3) the intermediary type is
the initial one and the marinus- and mentella-typos
are formed depending on the depth to which the
fry settle. Of the three assumptions, the authors
consider the first two to be the most probable.

Our research has established that there is yet
another method of differentiating the two redfish
types. This method is by the thermostability of
their isolated musele tissues, which is substantiated
as a cytophysiological criterion for the species.
The discovery of a difference in the thermostability
of the cells of any forms of poikilothermic animals
which are taxonomically close ecan be considered as
an important proof of their being independent
species, or as an indication that speciation is still
going on (Ushakov, 1964). Thus, the first two
suggestions of Kotthaus (1961) have been con-
firmed experimentally.

Since evolution is an adaptive process it is
interesting to compare the differences established
in the thermal stability of the muscles of redfish
forms with water temperature. According to
Travin (1951), in the Barents Sea, the marinus-
type prefers warmer water than the mentella-type.
At the same time, the data discussed at the 1959
ICNAF/TCES Redfish Symposium in Copenhagen
gave evidence to the contrary. Workers studying
the biology of the Barents Sea redfish at the Polar
Institute (PINRO) also believe that the mentella-
type redlish prefer warmer water (Berger, Zak-
harov, Sorokin, personal communications) because
the temperature at the greater depths where it lives
mainly, is as a rule 1.5° to 2° C higher than at the
comparatively shallow depths where the marinus-
type redfish lives. Templeman (1959) also eites
similar evidence.

Thus, we believe that the cytophysiological
differences between the marinus- and mentella-
types result from their adaption to temperature,
which can be found also at the cellular level.
These differences scem to be significant and,
combined with the data of other authors, who have
demonstrated essential differences in the marinus-
and mentella-type redfish in a number of other
features, can, in our opinion, be regarded as an
argument in favour of the concept of the taxono-
mic range of divergenee of these types.
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Haddock Length Conversion Factors for St. Pierre Bank

Standard, extreme total and fork lengths, as of 152 haddock taken on St. Pierre Bank in April

outlined in May and MeCracken {1966) were 1967. Least squares regression equations are
measured to the nearest centimeter for a sample shown in Fig. 1-3.
80 -
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Fig. 1.  Regressions of total and standard lengths on fork length of haddock from Division 3P.
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Equations relating total length, [, and fork
length, I, for other areas of the Northwest
Atlantic are shown below.

ICNAF
Division Source Equation
3N Rojo (1957) {{ = 104y -0.18
4X May and MeCracken

(1966) Iy = 1.04; -021
5Z Livingstone (1957) If = 0.944f; 4 0.58

Fisheries Research Board of Canada,
Biological Station,
St. John'’s, Newfoundland.
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International Commeission for the Northwest Atlantic Fisherjes

The Commission in Brief

Under the terms of a Convention signed in 1949, the International Commission for the Northwest Atlantie Fisheries
(ICNAF) is responsible for promoting and co-ordinating scientifie studies on the stocks of the species of fish which support
international fisheries in the Northwest Atlantic. Based on these researches, the Commission recommends measures to
keep these stocks at a level permitting the maximum sustained eateh.

The governments sharing these conservation interests are Canada, Denmark, France, Federal Republie of Germany, [ce-
land, I'taly, Norway, Poland, Portugal, Romania, Spain, Union of Soviet Socialist Republies, United Kingdom, and United
States of America.

Research Bulletin of ICNAF

The International Commission for the Northwest Atlantie Fisheries invites eontributions to its new serial publication,
“The Research Bulletin of ICNAF™,

There will be one or more issues vach year depending on the number of papers received and aecepted for publication.

FPurpose. 'The main purpose of the Rescareh Bulletin is to publish the results of research carried out in the ICNAF ares.
Lt is expeeted that most papers published in the Rescarch Bulletin will be selected from papers presented at Annual Meet-
ings of the Commission, but other papers, either eoneerning the [OCNAF area or outside it, will be accepted if their contents
are of importance to the work of the Commission.

Submission of Manwuscripts. Manusecripts for publication should be submitted to the Commission’s Secretariat on or before
L October each year. This provides authors with sufficient time to revise or extend papers submitted or solicited at the
previous Annual Meeting of the Commission which is held in early June each year. The arrangement also provides the
possibility that the Bulletin ean be issued hefore the next Annual Meeting of the Commission.

Editing. The Editor of the Research Bulletin will be the Kxeeutive Seeretary of the Commission. He will be assisted on
matters of editorial pelicy hy the Chairman of the Commission’s Standing Comumittee on Rescareh and Statistics and the
members of the Steering and Publications Subcommittee.

Referecing. 'To maintain a high standard of publication each contribution will be submitted by the Editor to one or more
referees from a panel of experts appointed for thaé purpose. On the advice of the referee(s), the Editor will request the
author to make such amendments Lo his manuseript as will help to avoid error or misunderstanding and add strength to his
presentation or will rejeet the manuscript.  Referses will remain anonymous and will treat all manuseripts as eonfidential.

Preparation of Manuseripts. To achieve maximum conformity of presentation by authors and to minimize tyvping and
other editorial work, the Commission’s Secrotariat has prepared the following aid.

Instructions to Authors for the Preparation of Manuscripts Intended for
Publication in the Research Bulletin of ICNAF

Text
{ay  Manuseript should he tyvpe-written, doulile-spaced, and on one side only of good quality white bond
quarto paper, size 8% X 11 inches (220 X 280 mm).

{h) Leave ali margins 1 inch (25 mm) to 1} inches (38 mm) for editorial marks and queries.
(e} Prepare and submit the original and two earbon eopies of the text and at least two sels of illustrations.

{d}  Number all pages of the manuseript eonseeutively with Arabie numerals in the eentre of the top margin
space.

(e)  Start a new page for each of the following sections with appropriate headings and sub-heaclings: (1) title.
name and address of author, list of eontents (if applicable); (2) abstract of the paper; (3} text; (4 ref-
erences to literature; (5) tables: (6) legends for figures and (7) figures.

(f)  Please douhle-space ererything—Text, quotations, footnotes, tables and table headings, legends, references
to literature, and use even greater spacing where helpful (particularly around equations and formulae’).

(g) Wherever practical the text should be subheaded into Tntroduetion, Materials and Methods, Results,
and Diseussion. Authors must provide a Summary which lists one by one the prineipal facts and eon-
clustons of the paper. Acknowledgements should be placed immediately after the Summary.

(hy  All measurements, linear, weight, and time, should be given in numerals (not words) in the metrie
system. The Celsiug seale should be used a3 a standard. When other units of measure are preferred,
authors should inelude equivalents in metrie units.

{ii ~ Footnotes should be avoided as far as possible, but if necessary they must be numbered consecutively
in the text and typed under a horizontal line at the foot of the page eoncerned.

(70  Only those words to be printed in italies should be underlined.

{This page is perforated. TEAR OUT and file for future use!.



Abstract

Each manuseript should have an abstraet not to exceed 3% of the length of the text or 200 words whichever
is the smaller. ~For position of the abstract in the manuseript see (e} above. The abstraet should summarize
the contents and conelusions of the paper, point to new information in the paper and indieate the relevance

of the work.
Tables

(a) Tables should be earefully constructed so that the data presented may be easily understood.

(b) Tables should be set out on separate sheets following the references.

{e) Position of the tables in the text should be indicated clearly.

(d} Each table should be provided with a deseriptive heading which, together with the column headings,
makes the table intelligible without reference to the text.

(e) Tables should be numbered consecutively with Arabic numerals, e.g. Table 1, 2, 3, ete.

Figures

{a) All illustrations, whether black-and-white drawings, graphs, photographs, or tone drawings, are to be
considered as figures.

(b} Eaeh figure should be mentioned and deseribed in the text.

(e) Alegend should be provided for each figure; the legends should all be typed together on a separate sheet
or sheets attached to the manuseript following the tables.

{d) ¥igures should be numbered consecutively with Arabic numerals, as Fig. 1, 2, 3, ete.

(o) Tigures should be set out on sheets preferably the same size as the text pages and in any cass should not
require a printer’s reduction to less than one-third. Small fizures can he arranged in groups on sheets
the same size as the text pages.

(f)  For guidance in preparing figures, the size of the Eri.nted- area of the Research Bulletin page is 21 X 17 em.
The Bulletin will have a two-column format, each cotamin 8 cm wide.

() Photographs presented as figures should be high eontrast, glossy prints, about 5 X 7 inches (125 X 175
mm) in size and should be shipped flat protected by stout cardboard.

(h) Each illustration should be identified by marking on the back lightly in soft pencil on the margin the

figure number and the author’s name,

Bibliographic Style

{a)

(b)

References to literature in the text should be by the author-date system, for example

It was reported that (Collins, 1960) the. . .;
In examining the situation, Rossini (1959) felt that. ..

Where more than one paper by the same author(s) have appeared in one year, reference should be
ziven as follows:

Osborne and Mendel (1914a); Osborne and Mendel (19145
or Qsborne and Mendel (19142 and %); (Barnet and Robinson, 1942;
King and Pierce 1943a, 1954)

Reference to material not yet submitted for publication should be written into the text e.g. “Harvey,
in an unpublished manuseript,. . ."”" or “‘Harvey, in a letter,. . .”

All references cited by the author-name svstem in the text should bhe listed alphabetically by thesur-
name of the first author at the end of the paper.  Year of publication follows the authorship. Then give
the full titfe of the paper. This should be followed by the abbreviated name of the periodical with the
volume and pages in Arabic numbers {e.g. : 2 : 120 —136). For abbreviations of periodicals follow the
“Word List of Scientific Periodieals””. An issue, number, supplement or other part within a volume is
shown in parentheses only when paged independently {(e.g.:2{4) : 1-56; 34 (Suppl. 2):1-26). Any
speeial Series (Ser 3, LII, or C) precedes the volume number. In boek citations after the title, there
appears the edition, the publisher’s name, place of publication, and the number of pages if one volume,
but the number of volumes if more. Reference to material submitted but not yet published should be
referred to in the list of references as “‘in press” or “Submitted for publication” followed by the date of
submission.

All CORRESPONDENCE should be addressed to:

Executive Secretary,

International Commission for the Northwest Atlantic Fisheries,
Bed{ord Institute,

P.O. Box 638,

Dartmouth, N. 8. (Canada).
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