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Total Mortality Rates Estimated from Survey Cruise Data
for Two Groups of Yellowtail Flounder in the Southern
New England and Georges Bank Areas
(ICNAF Subarea 5)

Judith A, Penttila® and Bradford E. Brown’

Abstract

Total instantaneous mortality rates were estimated by four different procedures for the southern New England and
Georges Bank yellowail flounder fishing grounds (ICNAF Subarea 5). Mortality rates were determined from research vessel
survey data from 1963 to 1969 by the following methods: (1) slopes of the catch curves; (2) ratios of the catch per tow in
a given season to the catch per tow of the same season for the previous year; (3) Robson-Chapman formula; and (4)
Heincke's formula. Each method showed a lower mortality rate for Georges Bank than for southern New England, with an
average of the estimates giving Z = 1.00 for Georges Bank and Z = 1,25 for southern New England.

Introduction

The increased level of [ishing on yellowtail
flounder, Limanda ferruginea (Storer), in recent years
made it necessary to establish catch quotas in ICNAF
Subarea 5 in 1971, Assessment of the effects of fishing
was primarily based on analysis of commercial eatch and
cffort data. To improve and corroborate the assessment
of these stocks, total instantaneous mortality rates for
the southern New England and Georges Bank yellowtail
flounder fishing grounds were estimated from analyses
of research wvessel survey data by four different
procedures, These grounds contain two nearly inde-
pendent groups of yellowtail flounder (Lux, 1963). The
data wsed for these analyses were collected on 14
standardized groundfish survey cruises during the years

1963-69.

Collection of Data

During the years 1963 to the present lime, routine
surveys have been conducled on the B/V Albatross IV in
the southern New England and Georges Bank areas two
or three times a year. The seasonal distribution of the 14
cruises analyzed in this paper are listed below.

A Number 36 Yankee trawl with a 4-1/2-inch mesh and
a 1/2-inch-mesh liner in the codend was used. All hauls
were 30 min in duration. (For a detailed account of the
survey methods, see Grosslein, 1969.) The surveys were
set up on a stratified random sampling design. The strata

(Fig. 1) were based on depth and geographic sub-
divisions. The number of stations per stratum were
allocated roughly proportional to the area of the
slraturn.

Season

Winter Summer Autumn
Year (Jan-Apr) (July-Aug) {Oct-Dec)
1963 X
1964 X X X
1965 X X X
1966 X X
1967 X
1968 X
1969 X X X

Length frequencies of catch and scales for age
determination were collected routinely. Fish from which
scales were laken for aging were identified by sex. In
most cases lhe entire catch of yellowtail was measured;
but in those instances where the catch was quite large, a
represenlative subsample was measured and then the
length frequency of the entire catch was estimated. Prior
to 1969, the fish from which scales were taken were
usually subsamples stratified by length and by sex,
except where catches were small enough to permit total
sampling. 1n 1969, the subsamples of fish were stratified
by length only. The sex was recorded for all fish for
which the age was determined. Method of aging was
described by Lux and Nichy (1969),

'Nutional Marine Fisheries Service, Northeast Fisheries Center, Woods Hole, Massachusetts (42543, USA.
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Fig. 1. Strata and areas comprising the southern New England and Georges Bank yellowtail

flounder fishing grounds.
TABLE 1. Estimated mean catch/tow per age-group for males and females combined for vellowtail flounder from southern New
England
Year and Age-group
season 0 1 2 3 4 5 6 7 8
1963
Autumn .05 16.34 14.89 14.49 4.25 A5 00 08
1964
Winter .00 44 8.48 8.35 6.64 2.7 110
Summer .00 67 9.66 4,52 5.93 3.22 .39 A7
Autumn .00 18.62 26.51 4.88 6.19 1.00 1.59
1965
Winter .00 .12 24.47 7.04 1.98 1.26 59 .03
Summer .00 b4 21.27 14.77 1.69 A2
Autumn .26 11.54 17.02 6.16 1.80 1.75 21
1966
Winter .00 24 6.17 5.71 3.33 43 1.08 52 .07
Autumn 48 35.51 10.94 1.74 98 .19
1967
Autumn .28 20,05 24.17 11.15 1.40 A2 07 11
1968
Autumn 00 10.02 11.95 16.70 1.15 18
1969
Winter 00 4.67 15.54 22.04 12.41 2.31 13
Summer .00 21 14.89 40.45 3.82

Autumn .00 1283 13.03 22,79 5.77 18 .05
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Determination of Age and Length Composition

Females grow fasler than males after the age of 2
vears (Lux and Nichy, 1969). Because a fixed number of
males and females were aged, it was necessary to have
length frequency data prior to 1969 separaled by sex
before the age frequency could be expanded properly to
eslimute the age composition of the total catch. Males
and lemales were separaled in length [requency data for
the nine cruises from 1963 to 1966, but not for the five
cruises from 1967 to 1969, The average sex ralios for
the latter had to be caleulated as follows: Summaries
were made by strata of the number of males and
females in length groups for the nine cruises from 1963
to 1966 on which vellowtail length frequencies were
recorded by sex. Five length groups were chosen: 1-25
cm, 20-30 em, 31-35 cm, 36-40 cm, and grealer than 40
enm. Sex ratios were then determined for each length
group within each stratum and cruise and year. Sex
ratios were averaged over years for each season (winter,
summer, and avtumn) for each length group and
stratum, [n those cases where fewer than 100 fish were
used to determine a ratio, neighboring strala were
combined to give the ratio for a larger arca. The areas

used were: off Block Island, Nantucket Shoals, South-
west Georges Bank, Southeast Georges Bank, and
Cultivator Shoals (Fig. 1). These average sex ratios were
used to delermine sex composition length frequencies on
the five survey cruises from 1967 to 1969, For the 1969
cruises, where age samples were stralified only by tength
and not by sex, ratios of the fish in the age sumple
provided a valid estimate of the proportion of males and
lemales in the entire catch,

Age-length frequencies for Lhe entire catch by sex
were then determined. Stratified means of numbers
caught per tow for southern New England and Georges
Bank per one ¢m length interval, per age group, were
estimated separately for males and females, There were
cases where lengths of fish in the age samples did not
include every length class of all {ish caught. The age of
those fish in length classes [or which age data was not
available was determined by using the estimates of
neighboring classes. The totals for males and females
were then added to give a combined estimate of the
mean catch per tow per age-group for each yellowtail
ground. These estimates were used Lo delermine the
instantaneous mortality rates for southern New England

TABLE 2. Estimated mean calchftow per age-group for males and females combined for yellowtail flounder from Georges Bank.

Year and Age-group
Seas0n 0 1 2 3 4 3 6 7 g 9 10
1963
Autumn .00 12.46 6.37 9.42 1.24 .34 .07 17 00 .07
1964
Winter .00 .23 3.18 4.02 543 1.12 .58 .03 .05
Summer 00 206 377 215 1.29 .29 .09 .09
Autumn 00 1.49 7.74 6.88 4.32 2.04 40 10
1963
Winter .00 00 3.82 8.73 3.25 4.74 .79
Summer .00 32 6.15 6.52 1.43 1.20 03
Autumn 01 91 5.06 5.38 2.44 1.00 .06 16
1960
Winter .00 A2 1.42 271 2.80 1.538 .80 11
Autumn 1.16 8.27 298 1.54. 65 14
1967
Autumn .05 7.44 7.59 2.34 .80 .25 .06 05
1968
Autumn .00 9.48 9.39 4.96 .88 .76 02
1969
Winter 00 88 7.59 8.66 2.86 1.31 37 06 06 .00 .06
Summer .00 3.79 21.59 12,51 3.18 19 A8 14 06
Autumn 1.06 0.48 8.49 4.99 1.28 A3 .16 18
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mean catch/tow versus age for year-classes of yellowtail flounder from survey data for the

southern New England ground.

and Georges Bank,

Mortalily Estimation Procedures

Four eslimators of mortality were used. Fiest,
catch curves for the southern New England and Georges
Bank grounds were obtained for cach year-class by
plotting the natural logarithms of the mean catch per
tow (Tables 1 and 2) against age (Ricker, 1958) (IFigs. 2
and 3). These curves show that recruitment Lo the nel
used on the survey cruises was essentially complete at
age 3. The instantancous mortality rate (Z) for each

ground was then calculated for each year-class by least
squares linear regression of the points for age 3 and
older. Correlation coefficients were computed (Table 3).
The slope values for cach cruise were averaged to oblain
overall estimates of Z. The inslantaneous morlalily rate
and correlation coeflicient were then estimated from
pooled data over all year-classes.

Secondly, the estimated mean calch per tow was
used to estimate the annual survival rale for southern
New England and Georges Bank within each year-class
from the ratio of the catch/tow in a given season to the
catch/tow of the same season for the previous vear
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TABLE 3. Instantaneous mortality rates calculated from the slopes of catch curves from age 3 on, number of points used for the linear
regression, and correlation coefficients for each year-class and yellowtail flounder ground.

Southern New England Ground Georges Bank Ground
Number Number
of Mortality Correlation of Mortality Correlation

Year-classes points (Z) coefficients points (7) coefficients
1956 2 5.70% -0.93
1957 4 —0.79*% 0.64
1958 6 1.23 -0.63 5 0.48 -0.48
1959 7 1.24 —0.87 8 1.49 —0.76
1960 9 1.20 —0.83 9 1.21 —0.94
1961 9 L3 -06.83 11 0.94 -0.93
1962 6 1.27 —0.98 10 1.08 -091
1963 6 1.23 —0.98 7 0.60 —0.93
1964 4 1.92 ~(.92 5 1.03 —0.81
1965 4 1.38 -0.88 4 1.13 —0.87
1966 3 -0.20% 0.17 3 0.76 -0.52
Pooled data

All year-

classes

combined 54 117 —0.85 68 1.02 —0.89
Average Z 1.35 97

(with

* values

omitted)

TABLE 4. Estimates of survival rates of yellowtail flounder in autumn cruises for the southern New Kngland ground.

Age-group

Age 3-6
Year 1.2 2.3 34 4-3 5-6 Avg (rt.,) Z
1963-64 1.62 33 A3 71 3.50 0.56 0.58
1964-65 91 23 37 28 07 0,27 1.31
1965-66 05 10 16 11 0.15 1.90
1966-67 68 1.02 80 43 37 0.65 0.43
1967-68 60 69 .10 13 0.11 2,51
1968-69 1.30 1.91 35 16 28 .33 1.11
Avg(r. ) 92 60 Al .36 50 0.33 (r..)
z 4 0.08 0.51 117 102 0.69 Z-=1.11
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TABLE 5. Estimates of survival rates of yellowtail flounder in antumn cruises for the Georges Bank ground.

Age-group
Age 3.7
Year 1-2 2.3 3-4 4-5 36 6-7 Ave(r.) VA
1963-64 62 Los 46 61 1.18 1.43 0.62 0.48
1964-63 3.40 70 .35 .23 03 A0 .27 1.31
1 965-60 3.27 30 A2 .06 0.32 114
1966-67 92 .79 a2 .38 43 0.18 0.73
106768 1.26 .65 a8 95 .04 0.49 0.71
196869 90 53 .26 .49 21 9.00 0.31 117
Ave(r. ) 1.4 67 34 A5 20 90 0.36 (r..)
7 0.40 1.08 0.80 1.61 0.11 Z=1.02
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Fig. 3. Logarithm of mean catch/tow versus age for year-classes of yellowtail flounder from survey data for the Georges Bank
ground.
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{Tables 4 and 5), The formula used was:

7Ni+1,j+l1

where r. . is the individual ratio, Ni - is Lhe estimated
catch/tow far age-group j and year i halios of sums of
nummerator and denominator above were also caleulated:
r.,r;.and ro o where the dot indicates the subscript
over which the sums were taken. Annual ratios were

determined only for autumn cruises, as there was
insufficient data to determine annual ratios for winter
and summer eruises,

Annual survival rales were also estimated by
Robson - Chapman and Heincke’s formulas for data
from age 3 on for each cruise (i.e., season) (Robson and
Chapman, 1961). A Chi square test was employed 1o
determine if Lthe difference between the two estimates
could be attributed to sampling error or considered as
real. If the difference is real, then there is a discrepancy
in the frequency of the lowest age-group considered
relative to frequencies in older age-groups. The annual
survival rate estimates are given in Tables 6 and 7,

TABLFE 6. Robson and Chapman estimates of annual survival rates, Heincke estimates of survival rates, and Chi square values for the

southern New England ground.

Eslimates of Survival

Estimates of Survival

Year and (Robson and Chapman) (Heincke) Chi square

season / S Z 5 values
1963

Autumn 1.47 230 1.39 .248 0.172
1964

Winter 77 463 .39 336 1.453

Summer .66 a18 348 682 3.079

Autumn 62 536 37 .688 2.792
1965

Winter 94 .392 1.04 354 0.189

Summer 221 A10 2.22 109 0.003

Autumn 91 402 97 379 0.008
1966

Winter 69 503 .68 505 0.001]

Autumn 88 Al6 91 402 0.014
1967

Aulumn 1.65 192 1.88 152 1.010
1968

Autumn 2.51 081 2.60 074 0.48¢
1969

Winler 1.12 327 91 403 3.068

Summer 2.51 081 2,45 086 0.259

Autumn 1.69 184 1.57 208 0.695
Average over

all cruises 1.33 264 1.28 278
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TABLE 7. Robson and Chapman estimates of annual survival rates, Heincke estimates of survival rales, and Chi square values for the
Georges Bank ground.

Estimates of survival Estimates of survival

Year and {Robson and Chapman) (Heincke) - Chi square

seASOR Z s Z s values
1963

Autumn 1.43 239 1.79 167 1,787
1064

Winter 72 489 44 H43 2.308

Summer s 462 80 430 0.007

Autumn 82 440 .70 499 0477
1965

Winter .74 478 .69 501 0.086

Summer 1.24 290 1.24 200 0.000

Autumn 93 395 90 405 0.010
1966

Winter .58 257 41 6601 0.669

Autumn 89 412 1.08 339 —(.909
1967

Autumn 91 402 111 331 0.338
1968

Autumn 1.19 304 1.38 .251 0.437
1969

Winler 97 379 1.04 .353 0.112

Summer 1.29 274 1.41 245 0.295

Autumn 1.03 .356 1.23 291 0.463
AveTage over

all cruises .96 383 1.02 .360

TABLE 8. Summary of vellowtail flounder mortality rates by sex.

Southern New England Georges Bank

Male Female Male Female

Average of catch curve slopes over year-classes 1.44 109 .49 47
Estimates from slope of pooled catch curve 1.21 1.04 95 85
Average of Robson-Chapman estimales for all cruises 1.25 1,17 1.04 .76
Average of Heineke estimales for all cruises 1.24 114 1.14 93
Robson-Chapman estimates (or seven autumn cruises 1.47 116 1.20 .98
Heincke estimates for seven aulumn cruises 1.49 114 1.17 1.02
Average of the six estimates 1.35 1.12 1.06 90

Results and Discussion For males, the slope ol the catch cureve for all

vear-classes combined from age 3 on gave an estimate of

The estimated mean catch per low per age-group the instanlancous mortality rate (7) of 1.21 for the

for males and females separately gave the following southern New England ground with a  correlation

results (Table 8). coefficient (r) of -0.802. For females, estimates of Z.
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1.01 with » = -0.828 were obtained for the southern New
England ground. For males from the Georges Bank
ground, estmates of Z = 0.95 with r = 0.877 were
calculated. The estimates for females from the Georges
Bank ground were Z = (L85 with r = -0.859. Averaging
the slopes of the catch curves based on 3 or more points,
wilh negative values omiited, gives a 7 of 1.44 for
southern New England males and a 7 of 1.09 for
females. Similarly, for Georges Bank, an average 7 of
0.89 for males and 0.87 for lemales was obtained.

The average Robson and Chapman estimates over
the 14 cruises are Z = 1,25 for males and Z = 1.17 for
femates from southern New England. For Georges Bank,
Z = 1,04 for males and 7 = 0.76 for females. Similarly,
the average Heincke estimates are 7 = 1.24 for males and
Z = 1.14 for females from southern New England. For
Georges Bank, 7 = 1.14 for males and Z = 093 for

females.

Another Robson and Chapman estimate was
compuled by using the tolal number of fish caught per

tow per age-group pooled over the seven autumn
cruises. The totals thus obtained were used to calculate
one Robson and Chapman estimate for the autumn
cruises. The estimates gave a 7 of 1.47 for males and
1.16 for females from southern New England. For
Georges Bank, Z = 1.20 {or males and Z = (.98 for
fernales. A Heincke estimate was obtained in a similar
manner, giving Z = 1.49 for males and Z = 1.14 for
females from southern New England: with 7 = 1.17 for
males and Z = 1.02 for females from Georges Bank.

Averaging the six estimates gave Z = 1.35 for males
and Z = 1.12 {or females from southern New England;
with Z = 1.06 for males and 7 = 0.90 for females from
Georges Bank.

The mortality rates for males and females were
examined statistically for significance of differences
using pooled U tests and for consistency of differences
using Wilcoxon rank tests (Table 9). The results are too
inconsislent to assume that the male-female differcnces
are statistically significant for either ground.

TABLE 9. Tesls for significance of differences between male and female mortality rates. NS = not significant; § = significant {below 5%
probability); HS = highly significant (below 1% probability).

Southern New England Georges Bank
Robson- Slopes of R obson. Slopes of
Chapman Heincke pooled Chapman Heincke pooled
Test estimates estimates catch eurves estimates estimates catch curves
Pooled t test NS - NS NS — NS
Wilcoxon paired test NS NS NS HS S NS
Wilcoxon unpaired test NS NS S NS NS NS

Using the slope of the catch curve for all
year-classes combined from age 3 on for males plus
females, an cstimale of the instantaneous mortalily rate
(£} of 1.17, cquivalent to an annual survival rate (s) of
.31, was obtained for the southern New England ground
with a correlation coefficient {r) of -0.847. For the
Georges Bank ground, estimates of Z = 1.02, 5 = .36, and
r = 0,888 were calculated. Averaging the values of Z
from Table 3 based on 3 or more points, wilh negative
slopes omitled, gives a 7 ol 1.35 for southern New
England. Similarly, for Georges Bank, an average 7 of
.97 was obtained.

Ratios for autumn ecruises for southern New
England gave an estimate of survival, s = .33, from the
overall pooled ratio r. ., for ages 3 and older, which is

equivalent to an instantaneous mortality rate of Z =

L.1L. For Georges Bank, s = .36, 7 = 1.02,

The average Robson and Chapman eslimate of
annual survival rale over the 14 cruises is 264, or Z =
1.33, for southern New England and .383, or Z = 0.96,
for Georges Bank. Similarly, the average Heincke
estimate of survival rate is 278, or Z = 128, for
southern New England and .360, or 2 = 1.02, for
Georges Bank. The highest Chi square value obtained
comparing Llhe values from the two estimators, was
3.079, which is below the 5% significance level, indicat-
ed that age 3 fish are fully vulnerable to the gear used.

A summary of the instantaneous mortality rales
estimated for the southern New England and Georges
Bank grounds is shown in the table below.
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Southern Georges
New England Bank
mortality mortality
rates rates
Average of catch curve slopes over 1.35 0.97
year-classes
Estimates from slope of pooled 1.17 1.02
cateh curve
Estimates from ratios 1.11 1.02
Rohson/Chapman estimates 1.33 0.96
Heincke estimates 1.28 102
Average of the five estimates 1.25 1.00

The above five eslimalors used show reasonable
agreement  within each ground. In each case, the
morlality rate is lower for Georges Bank than for
southern New England. Averaging the estimates gave £ =
1.25 for southern New England and Z = 1.00 for
Georges Bank. The higher total mortality rate for the
uouthern New ]Lngland ground could well reflect the
greater fishing effort (Brown and Hennemuth, 1971)
observed during this period. There is a trend towards
higher estimates ol mortality rates in more recent cruises
particularly in the southern New England area using
Robson-Chapman  and Heincke  estimates.  Natural
morlality for yellowtail flounder has been estimated to
be about 0.2 .2, or perhaps even as low as 0.1 (Lux, 1969;
Brown and Hennemuth, 1971). Since there is no known
reason for Lhe existence of dilferent natural mortality
rales for southern New England and Georges Bank, the
higher total mortalily rate for southern New England
may possibly be attributed to greater fishing effort.

Lux {1969) obtained instantaneous mortality rates
of 1.03 for southern New Fngland and 1.01 for Georges

Bank from catch curve survival ratios [or age-groups 4 Lo
7 from 1960 to 1965 commercial landings data. Tux
{1969) also estimated mortality for southern New
England [rom the data of Roycee, Buller, and Premetz
(1959), obtaining a 7 of .78 for age-groups 4 to 6 [rom
1943 to 1947, These eslimates were obiained for earlier
periods when fishing effort was less than at present.
Brown and Hennemuth {(1971) estimated 2 using the
virtual population method for the 1958 to 1962
year-classes, oblaining  average values of 136 for
soulhern New hngland and 1.16 for Georges Bank for
ages 4 to 7 using commercial data. Their average 7 for

ages 3 to 7 for southern New England was 1.25,
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Some Biological Characteristics of the Fortune Bay,
Newfoundland, Herring Stock, 1966-71

L.S. Parsons[ and V. M. Hot‘.h;ie:fl'2

Abstract

The Fortune Bay herring fishery is based on aggregations of immature and prespawning mature spring spawners
which appear in inshore areas during the January-May period, with considerable yearly fluctuations in the relative
proportions of immature and mature fish in the commereial catches. The length distribution of Fortune Bay spring
spawners has exhibited a progression and succession of several modes during the }966-71 period; the fishety has been
supported by three dominant year-classes, those of 1963, 1966, and 1968. These size and age trends contrast sharply with
the fack of recent recruitment to the spring-spawning component of the Southwest Newfoundland stock complex. From
age 5 onwards mean lengths of Fortune Bay spring spawners at cach age are considerably higher than those for southwest
Newfoundland spring spawners of the same age. Fortune Bay spring spawners have a significantly larger Loo value than
those reported for Southwest Newfoundland and southern Gulf of St, ILawrence spring spawners, At any particular age
nematode incidence and intensity values were significantly higher for Fortune Bay than for Southwest Newfoundland fish,
It is suggested that Fortune Bay spring spawners constitule « relatively discrete spring-spawning stock,

Introduction

Since its inceplion in 1964-65 the Newfoundland
purse seine fishery for herring has been primarily
concentrated along southwestern Newfoundland in areas
J1 and J2 (Fig. 1) with lesser quantities being caught in
Fortune Bay and along western Newfoundland (Hodder,
1971). Traditionally, until the mid-1950%s, Fortune Bay
(Area I) on the south coast was one of the main centres
of the Newfoundland herring fishery. During 1645-50
the average annual herring landings from Fortune Bay
were approximately 16,000 metric tons at a lime when
there was a great demand for salted herring for food
immediately following World War Il {(Templeman,
1966). Annoal catches from Fortune Bay subsequently
declined to less than 700 tons during the period 1956 to
1964 when the demand for herring as food was very low
(Hourston and Chaulk, MS 1968). The great decrease
during the 1950° was in part due to economic factors
but also in part due to the disappearance of herring from
the traditional areas. This disappearance may have heen
associated with fungus disease (Ichthyosporidium hoferi)
which destroyed a large portion of the southern Gulf of
St. Lawrence herring stocks during 1953-537 (Sinder-
mann, 1958).

With the advent of the purse seine fishery during
the mid-1960°s, calches in Fortune Bay by purse seiners
and bar seiners increased to 5400 tons in 1967 and

fluctuated between 6,400 and 14,700 tons during 1968
to 1971 with peak catches of 14,218 and 14,748 tons
in 1968 and 1971 respectively (Table 1), Bar seiners
generally account for between 10 and 25% of the
combined total. The bulk of the fish caught by the
mobile fleet is taken in the January-May period.

Tibbo (1956, 1957}, initially at the Newfoundland
Fisheries Research Station and later as a member of the
Canadian Atlantic Herring Investigations Committee,
conducted studies of the Fortune Bay herring popula-
tion in 1943-44 and again in 1946-48. This paper
presents more recenl information on the size and age
composition and selected biological characteristics of the
Fortune Bay herring concentrations during the 1966-71
period.

Materials and Methods

Length, weight, sex, and maturity data were
collected from more than 6,600 {ish landed by purse
seiners at Harbour Breton during the years 1967-71.
Most of the samples were examined in the fresh
condition immediately after capture but some, particu-
larly in 1969, 1970, and 1971, were examined after
being kept in frozen storage for several weeks. In 1971
the specimens were also examined to determine the
incidence and intensity of infestalion with larval

Risheries Research Board of Canada, Biological Station, St. John's, Newfoundland.
2 Present address: ICNAF, P.O, Box 638, Dartmouth, Nova Scotia, Canada.
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Fig. 1. Map of the Gulf of St. Lawrence-Newfoundland area with place names and statistical areas mentioned in
the text.

TABLE |, Purse seine (PS) and bar seine (BS) catches (metric tons) in Fortune Bay, 1965-71.

Month Gear 1965 1966 1967 1968 1969 1970 1971
Jan PS — — - - 3,368 4,382 5.260
Feb PS — - — 5,269 1,129 1,342 3,439
Mar PS — — - 4,073 166 2,180 5,043

BS — — — 241 — 228 -
Apr PS — - 4,109 1,778 — 67 806

BS — — 2603 945 303 236 200
May Ps 19 — 432 - — — —

BS — — 245 1,651 1.248 579 —
June BS - — 372 73 36 - —
Dec PS — — — 188 163 — —
Total (PS) 19 - 4541 11,308 4826 7,071 14,548
Total (BS) — — 880 2,910 1,587 1,043 260
Total 19 — 5.421 14,218 6,413 9014 14,748
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nematodes of the genus Anisakis. The examination for
nemalodes was restricted to the body cavily und viscera.

During two cruises to Fortune Bay in March and
May 1966 by the research vessel Investigator I samples
were oblained from herring catches in anchored gillnets
sel in coastal waters over depths of 10-30 fathoms. Each
sel consisled ol a string of five nylon herring nets of
different mesh sizes (51, 57, 64, 70, and 76 mm). Size
and age data for 340 specimens from these catches are
included in Figs. 2 and 3 for comparison with
commercial catches.

The length used is the greatest total length (to the
nearest millimetre) measured from the tip of the lower
Jaw to the end of the longest lobe of the caudal {in with
the lobe extending posteriorly in line with the body.
Thawed lengths were adjusted to the fresh condition by
applying a conversion factor of 1.02 (Hodder et al., M3
1972). Whole weights were determined to the nearest
gram. No weight adjustmenls were required since the
change in weight between fresh herring and herring
examined after frozen storage was insignificant.

The stage of maturity was determined by gross
examination of gonads using the various stages of
gonadal development adopted for use in the ICNAF area
(ICNAF. 1964).

The age was recorded as the number ol completed
surnmer (opaque} growth zones on the otolith with 1
January as the arbitrary birth date; a fish is considered
to be age | on 1 January following completion of the
first summer’s growth.

The 1967 and 1968 Fortune Bay samples were
collected under the direction of Dr A. S. Hourston and
the sampling dala lor these scasons have been published
previously i a series of Technical Reports (Hourston et
al., M5 1968). The present authors have re-examined the
otoliths from herring samples taken during these seasons
and assigned ages in accordance with current age-reading
Lechniques at the St. John's Biological Station.

Results
Maturity and spawning

Percentages of immature fish in the samples ranged
from 2 Lo 8% during 1966 to 1968 but increased to
31-32% in 1969 and 1970 and decreased to 20% in
1971. The vast majority of the mature fish were definite
spring spawners with well-developed gonads (Stage 4);
with the exception of the 1966 research vessel samples,
recovering spents (autumn spawners) comprised less than

9% of the total fish sampled. Most of the immature
herring were also assigned to the spring-spawning group
since an examination of the ololith structure of these
herring revealed that spring spawners could generally be
separated from autumn spawners on the basis of cerlain
otolith characteristics (1. S. Parsons, in preparation).

Reports from Fishery Officers of the Canadian
Fisheries Service, Department of the Environment, over
the past several years indicate that spring spawning in
Fortune Bay usually occurs sometime between mid-A pril
and mid-May, mostly in early May, which iz earlier than
in most other Newfoundland areas.

Size and age composition

Figure 2 depicts the percentage lenglh composi-
tion (to the cm below) of Fortune Bay herring by
spawning group from 1966 to 1Y71. [n all years autumn
spawnets were larger than spring spawners and exhibiled
a [fairly lepFrHPd length disteibution. The length-
frequency patterns for spring spawners differed con-
siderably among vears. In the 1966 research vessel
samples there were distinct modes at 27 and 33 em. In
1967 there was a very distinet mode at 29 em and the
appearance of a few herring 8-14 e¢m in length. The
33-em mode ol the previous year had virtually dis
appeared. The length frequency for 1968 spring
spawners was sharply peaked at 31 ¢m and there was a
small proportion of 21-22 em herring. By 1969 ihe
length frequency was again distinctly bimodal with
peaks at 26 and 32 cm and a slight trace of 19-22 cm
herring. In 1970 the length distribution was markedly
trimodal with modes al 23, 29, and 33 em, There were
also three modes in 1971 but the third mode was greatly
reduced in comparison with the previous year. The
dominant modes were at 27 and 31 cm.

The progression and succession of several modes in
the length distribution of Fortune Bay spring spawners
during the 1966-71 period indicates the occurrence of
several dominant year-classes (Fig. 3). The 1963 vear-
class of spring spawners, which was dominant in 1966,
maintained its dominance during 1967 and 1968 but by
1969 was slightly less abundant than the 1966 vear-class
which firsl appeared in the catches during 1967 as
l-year-olds, During 1970 the 1968 vear-class {irst
appeared in abundance as 2-year-olds with the calch in
numbers being derived in approximately equal propor-
tions {rom the 1963, 1966, and 1968 year-classes, By
1971 the 1963 vear-class was greatly reduced in
abundanee and the lishery was supported primarily by
the 1966 year-class as 3-ycar-olds and the 1968
year-class as J-year-olds. Preliminary age composition
data for the 1972 season indicate that the 1966 and
1968 vear-classes were again dominant as 6- and
d-year-olds respectively.
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Fig, 2. Length composition of Fortune Bay herring by spawning
group during the 1966 to 1971 seasons.

The size and age trends for Fortune Bay spring
spawners during the 1966-71 period are in sharp contrast
to those exhibited by the Southwest Newfoundland
herring stock complex, which overwinters in areas J1
and J2 {from late November to early April. There was a
gradual increase in the average size of both spring and
autumn spawners taken along southwestern Newfound-
land from the beginning of the purse seine fishery in
1963 up to the [969-T0 season (Hodder, 1971; Hodder

et al., M3 1972). The average size of autumn spawners

S N 1 N I O
ol 1966 .
N =340

20+ A273%

Topm

sg ST27%

0

80— 1967

?% N =2398 |
|

30 Aas5% -
20—

—

10~ 66

=
5958%

o

E

701 1968 =
B0l N= 2647 | '

1

iy

L1e)

PERCENTAGE AGE COMPOSITION

B [
oL 1971
O N:450 7
203+ -
A69% 5931 9%
10— ]
0 & -__._ N |
N W Y I A Y A I T S N O O O I
123456 783100 1 2345678 91030

AGE (YEARS)
Fig. 3. Age composition of Fortune Bay herring by spawning
group during the 1966 to 1971 seasons.

continued to increase during the 1970-T] season but
that of spring spawners decreased from 33.4 cm in
196970 to 328 cm in 1970-71. The Southwesl
Newfoundiand winter fishery has been largely dependent
on a very abundant 1958 vear-class of autumn spawners
and a smaller 1959 vear-class of spring spawners.
Basically, there has heen a lack of substantial re-
cruitment to the springspawning az well as the
antumn-spawning component of the stock, However. the
1968 year-class of spring spawners appears lo be
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relatively strong in comparison with other year-classes of

the 1960’s (Winters and Parsons, MS 1972).

Growth

Figure 4 depicts mean lengths-at-age for Fortune
Bay spring spawners during 1943-44 and 1966-71. Mean
lengths-at-age for the 1966-71 pooled data and the 1963
\(‘&l‘(!dﬂ‘: alone (at ages 3-8) are very similar. Lengths-
at-age for Fortune Bay herring durmg the 1943 44
period derived from Tibbo (1956) differ somewhat from
those of the more recent period. Our observed mean
lengths-at-age are less than Tibbo's for the younger fish
and greater for the older fish. At ages 3 and 6 we found
mean lengths of 31.4 and 32.5 em respectively compared
with 32.8 and 33.7 cm for these ages during 1943-44.
Our observed mean length at age 10 was 1.7 cm greater
than that reported by Tibbo (19360) for the same age. It
should be notled that Tibbo used scales for ageing
whereas our age estimates are based on otoliths, This
may partially account for these differences hetween
investigalors in the average lengths of herring at vartous
ages.
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Fig. 4. Fitted and empirical growth curves for Fortune Bay
spring-spawning herring,

Comparative mean lengths-at- -age for Fortune Bay
and southwest Newfoundland spring spawners (from
Hodder et al.. M3 1972} during 1960-71 are as follows:

NEWFOUNDLAND, HERRING STOCK 19

Average length {em)

Age Fortune Bay Southwest Nfld.
2 21.9 21.5
3 26.9 26.7
4 29.4 29.4
5 31.5 30.5
6 32,5 31.5
7 34.0 32.1
8 35.1 328
9 33.5 33.4

10 36.6 34.1

11+ 37.7 352

Mean lengths at age are similar up to age 4 but from age
3 onwards the mean lengths of Fortune Bay spring
spawners at each age are considerably higher len those
for Southwest Newfoundland spring spawners of the
same age.

A Bertalaoffy growth curve was fitted to the
pooled length-atage data for Fortune Bay spring
spawners for the 1966-7T1 seasons by Allen’s (1966)

method.
Lt = Ly, [] -e'k(tto)]

where L, is the body length estimated for Lime t, L, is
the theoretical maximum length, K is the coefficient of
growth, and ¢ is the theoretical time when body length
is zero, The following values were obtained:

e = 30.14 em, k = 0,462, and t, = 0.015.

Fortune Bay spring spawners have a significantly
larger L_, value than those reporltd for Southwest
Newfoundland spring spawners (34.5 ¢cm) by Hodder et
al. (M5 1972) and southern Gull of St. Lawrence spring
spawners (32.28 to 33.17 cm) by Messieh and Tibho
(1971). The % value is inlermediate between the values
reported for Southwest Newfoundland (.348) and the
southern Gulfl of St. Lawrence (0474 to 525},

Length-weight relation

Length-weight curves for mature spring spawners
{generally greater than 26 cm in length) during January,
February, and April 1970 and for 1968-71 combined
data for immature and mature fish (Fig. 5) were derived
by applying logarithmic transformations to the variable
of the exponential equation W = aL? and estimating the
constants log a and b by least squares regression. The
equations relating whole weight to tolal length are as
follows:
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January 1970 W = 4.993 X 1077 L3473 Fortune Bay spring spawners during 1968-71 (3.3920} is
February 1970 W = 5862 X 1077 34480 similar to that for southwest Newfoundland spring

Apnl 1970
1968-71 (combined) W =

10'6 L3.2216
IU—'? ]‘3.3926

2,160 X
7.710 X

Whole weight increases with length at a rate faster
than would be expected from the cube relation of
weight to length. At all sizes there was a slight increase
{approximately 2%) in average weight from January to
February 1970, Between January and April there was an
overall increase (approx. 3%) in average weight at sizes
less than 33 em and an overall decrease (approx. 3%) at
the larger sizes (> 33 cm). Hodder et al. (MS 1972) have
found that on the average the mean weight values over
the 28-37 ¢m length range for southwest Newfoundland
herring decrease between November and April by about
6% for spring spawners and 4% for autumn spawners,
The overall exponent for the length-weight relation for

spawners (3.328) (Hodder et al., MS 1972).
Nematode incidence and intensity

Nematode incidence (percentage of [ish infested)
and intensity (average number of nematodes per {ish) in
Fortune Bay spring spawners during January to April
1971 were compared with nematode abundance in
Southwest Newfoundland spring spawners during the
same period (Fig. 6). Nematode incidence and intensity
increase with fish sizc and age in both aress. However, at
any particular size valucs were gencrally higher for
Fortune Bay than for southwest Newfoundland spring
spawners. There are considerable differences in the
nematode incidence-fish age relationship between these
arcas. Nemalodes were lairly abundant in Fortune Bay
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Fig. 5. Length-weight curves for Fortune Bay spring spawners. (The 1970 monthly curves are based only
on mature fish (> 26 em) but the 1968-71 curve is based on bolh immature and mature fish.)
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fish of ages 3, 4, and 5 (26-38% infested) but absent in
Southwest Newfoundland fish of these age groups. At
ages 6 to > 10 diffcrences between Fortune Bay and
Southwest Newfoundland spring spawners in percentages
of fish infested ranged hetween 18 and 48% (Fig. 6).
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Fig. 6. Nematode incidence (percentage of fish infested) and
intensity (average number of nematodes per fish) in
relation to fish age (A) and length (B and C) for Fortune
Bay and Southwest Newfoundland spring spawners

during the winter of 1971.

Ihscussion

The size and age composition of Fortune Bay
herring has changed considerably since Tibbo’s investliga-
tions during 1943-44 and 1946-48. In 1943 and 1944
Fortune Bay herring had an average size of 34.90 cm and
an average age of 9.42 vears. In 1946 to 1948 the mean

length and age had increased to 35.63 cm and 11.79
vears respectively (Tibbo, 1956, 1957). [n both periods
a relatively large number of vear-classes were well
represented. During the 1967-71 period of exploilation
by a mobile purse seine fleet, the catches have contained
a high proportion of relatively young fish (less than 8
years old}, a large proportion of the catches in numbers
being derived from immature fish and fish maturing to
spawn for the first lime.

Three good year-classes of herring have supported
the Fortune Bay fishery since 1967, namely, the 1963,
1966, and 1968 year-classes. From year-class composi-
tion and landing trends it would appear that a year-class
contributes greatest to the fishery at age 5 when most of
the fish are mature. Peaks in the landings from Fortune
Bay occurred in 1968 when herring of the 1963
year-class were 5 vears old and in 1971 when herring of
Lhe 1966 year-class were 5 years old.

Tag recaptures (Winlers, 1970, M5 1971: Beckett,
MS 1971) and comparisons of various biological charac-
leristics (Hodder and Parsons, 1971a and &; Parsons and
Hodder, 1971a) have shown a seasonal migration of
herring eastward [rom the southern Gulf of $t. Lawrence
in the autumn to overwintering areas along southweslern
Newfoundiand and westward again into the Gull in the
spring. These herring concentrations, which are (ished by
purse seiners in the fjords and bays along the southwest
coast in Areas J1 and J2 (Fig. 1) from iate November to
April consist of two intermixed spawning groups,
autumn spawners comprising 70% of the population,
spring spawners the remainder (Hodder, 1971; Parsons
and Hodder, 19716). The small Fortune Bay f{ishery
based almosl exclusively on spring spawners also takes
place during winter and spring and could involve some
fish which are a part of the southern Gulf-Soulhwest
Newfoundlund stock complex.

Parsons (1973), in a study of the meristic
characteristics of herring inhabiting Newfoundland and
adjacent waters, reports that Fortune Bay spring
spawners differ significantly in mean numbers of
vertchrae and pectoral fin rays from those in adjoining
areas. Fortune Bay spring spawners have the highest
verlebral average and the lowest pectoral fin ray average
among spring spawners of the Newfoundland area, Tibho
(1956, 1957) reported that Fortune Bay herring had the
highest mean vertebral number in the Newfoundland
area during 1943-44 and 1946-48 (55.877 and 55.772
respectively). On the basis of these differences Parsons
(1973) concludes that Fortune Bay herring probably do
not intermix to any great extent with those in adjoining
areas.

The present study indicates that Fortune Bay
spring spawners, which have had a succession of several
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dominant year-classes (those of 1963, 1960, and 1968)
from 1966 to 1971, have differed considerably in size
and age composition and growth from Southwest
Newfoundland spring spawners, which were dominated
by the 1959 vear-class from 1965 to 1970. They also
differ considerably in nematode incidence, Fortune Bay
spring spawners having significantly higher pereentages
of fish infested with nematodes at any particular age
than those from Southwest Newfoundland.

These differences in meristic characleristics, year-
clazs dominance, growth, and nematode abundance
suggest Lhat Fortune Bay spring spawners do not
intermingle Lo any great exienl with the herring stock
complex which overwinters along southwestern New-
foundland but rather constitute a relatively  discrele
spring-spawning stock. However, virtually nothing is
known of the biology and distribution of Fortune Bay
herring  during  the  summer and avtumn  (July-
December). Herring concentrations appear in abundance
in Fortune Bay during January and disappear again in
May or early June after spawning in shallow coastal
waters (1-10 m). The location of their summer feeding
grounds is presently unknown. Recent taggings (April,
1972) will probably shed further light on the seasonal
migralions of this stock and the degree of intermixing
with stocks in adjacent arcas,
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American Plaice, Hippoglossoides platessoides platessoides Fabr.,

Spawning in the Northwest Atlantic Area

By M. M, Nevinskvl and V. P, SErebrvakovl

Abstract

The temporal and spatial distributions of American plaice spawning in Subareas 2, 3, and 4 are based on
ichthyoplankton collections at 3,127 stations during 1959-70 and the maturity condition of the gonads of 9,000 adult
specimens taken from commercial catches during 1954-70.

American plazice seem to spawn in most parts of the area in depihs of 50 to 250 m. The main spawning areas are on
the northern shallows of the Grand Bank, off southern Newfoundland, on St. Pierre and Green Banks, off Cape Breton and
on Bdﬂgut‘rf‘dll Bank. The temper.ituroe of the near-bottom and the surface water lavers over the spawning grounds were
from 0 to 6°C and 6° to 18°C reapeanelV The most intensive spawning was observed in April, May, and June with
near-bottom temperatures from 0° to 2.5°C.

The spawning grounds are situated in the areas of action of branches of the Labrador Current or in those of cold
waler from the Gulf of St. Lawrence. Larvae at different stages of development were found in the same general areas as the
eggs, L.e. mostly over the spawning grounds. The low current velocities over the spawning areas and the peculiarities of
larvae distribution indicate that the passive migration period of the American plaice is not long during their early stage of

development.

Introduction

In the Northwest Atlantic area, American plaice,
Hippoglossoides  platessoides  platessoides  Fahr., are
distributed from Greenland to Cape Cod. The fishery is
most intensive off Newfoundland. Until recently, re-
latively few papers concerning the biology and ecology
of American plaice have becn published. Huntsman
(1918), Bigelow and Schroeder (1953), and Powles
(1965) reported on these subjects for American plaice
inhabiting the Bay of Fundy, the Gulf of Maine and the
Gulf of St. Lawrence, and Pitt (1963, 1964, 1966, 1967,
1969} has several papers on plaice of the Newfoundland
and Grand Bank areas. However, only a paper by Pitt
(1966} is devoted completely 1o the spawning of
American plaice. Also, the volume of daia on the
distribution of eggs and larvae of American plaice is not
great (Dannevig, 1918: Jensen, 1925: Frost, 1938;
Serebryakov, 1962, 1963, 1964; Kennedy and Powles,
1964; Wells, 1968; L'Herrou and Minet, 1971). In this
paper the authors attempt to elucidate the character of
the distribution of American plaice eggs and larvae as Lo
the precise times and places of their spawning off
Labrador, Newfoundland, and Nova Scotia.

Materials and Methods

This study is hased mainly on the collections of
ichthyoplankton taken by PINRO (Polar Research
Institute of Marine Fisheries and Oceanography) re-
search vessels from 1959 to 1970 and on the analysis of
the maturity condition of the gonads of adult fish. The
ichthyoplankton samples were taken mainly with conical
plankton nets. Usually, vertical hauls from hottom 1o
surface or [5-minute horizontal hauls were made at
stations on standard hydrological scctions and Lracks as
well as at special ichthyoplunkton stations while circling
or drifting. During 1959-70 a total of 3,127 slations
were occupied on the continental shelf from Labrador to
Nova Scolia. Stages of egg and larval development were
determined according to the Rass (1949) system.

Data on the maturity stages of the gonads of adult
fish were obtained during 1954-70 from the [field
examination of specimens taken on surveyz conducted
by PINRO rescarch vessels and by scouting vessels of the
Northern Prospective Fish Scouling Service. A tolal of
3,000 specimens were examined, but the material used
in the following analysis only includes fish with gonads
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classified as I IV, ¥V, V1, and VLI in the maturity
scale. The stages of gonad maturily were determined by
the six-point zcale (Sorokin, 1957).

Results

Labrador (ICNAF Subarea 2)

Ripe running fish (Stage V) were observed in the
catches taken in this area as carly as January and March

TABLE 1.

(Table 1), the percentage of fish with running gonads
increased greatly in May and spent fish began to appear
in the catches. In June most of the fish were in the spent
condition.

Tchthyoplankton samples, laken mainly from Apaoil
o July, conlained only single eggs in \prll and May
{Figs. 2 and J). lo the -etond hall of June the densest
concenlrations of eggs were taken off Sundal Bank over
400-500-m depths (Fig. 4) and on the northeastern part
of Hamilton Inlet Bank over 200-300-m depths. How-

The maturity of American plaice gonads, South Labradoer, 1960-70.

Muturity stages in %

No.
Month 111 v \i VI VEIT of fish
January 34.1 33.4 11.8 — 0.7 161
February 63.1 36.9 - - 133
March 46.1 12.4 11.5 — — 26
Way 0.9 66.7 27,2 — 5.2 114
June — — 9.0 9.0 820 22
Scptember 22.1 24.4 — — 53.5 86

ever, a few eggs were found northeast of Hamillon fnlet
Bank over the continenlal slope where depths are 500 m
and greater. In July egg concentrations were found
closer to the coast on the western and northern parts of
Hamilton Tnlet Bank (Fig. 5}, Most of the eggs taken in
June and July were in the first stage of development
(Fig. 7). In June and August two larvae about 6 mm long
were caught in the vicinity of Hamilton Inlet Bank over
depths of 100 m and more than 500 m, respectively,
{Figs. 4 and 6). Because of the small volume ol data
available, it can only be supposed that some spawning
takes place on some parts of the south Labrador Shelf at
depths of 150-500 m from the middle of June Lo the end
of July.

Northeastern part of the Newfoundland Shelf (ICNAF
Division 3K}

lchthyoplankton collections were made in this
arca from April to July. No American plaice eggs were
laken in ‘\pril but some concentrations of mostly stage
I egs (Fig. 7) were found over depths of 200-230 m
during the sewnd half of May (Fig. 3). In June eggs in
later stages of development (III1V) were taken al
stations near Ritu Bank and off the northeast coast of
Newloundland over 200-400-m depths (Fig. 4). None
were taken in this area in July. However, larvae 4.0 to
6.5 mm long were found early in May and late in July in
the shoreward part of the surveved arca over 160- and
250-m depths, and in June a 5.0-mm larvae was taken

{arther northeastward near the edge of the Newfound-
land Shelf over a depth of 335 m (I ige. 3-3). From the
distribution of eggs it would, therefore, appear thal
spawning oceurs from the sccond half of May through

June, especially on the shallower parts of the Shelf at

depths of 200-250 m, although pre-spawning lish were
ohserved in Lhe catches durmu the first quarter of Lhe
year olf Labrador (Table 1).

Grand Bank (ICNAF Divisions 3L, 3N, and 30}

American plaice cggs can be found in this area
from the end of March to Seplember {Figs. 1-6). In
March eggs were distributed mainly over depths of
50-100 m on the northeastern parts of the Bank. In the
latter part of April the greatest cgg concentralions were
found along the eastern part of the Bank mainly over
depths of 50-200 m bul some eggs were laken over the
southern slopes. In the latter part of May eggs were
found in greal abundance over the northern part of the
Bank just east ol the Avalon Peninsula of Newfound-
land, where the depths were P00-200 m, and smaller
quantities were caught along the southeastern and
southweslern slopes of the (rrand Bank over depths of
50-500 m. In early June plaice eggs were observed along
the southern and southweslern slopes of the Bank
mainly over depths of 50-300 m, but some eggs, carried
by water currents, were found at great distances south ol
the Bank over 4,000-3,000-m dnpth (Fig. 4). Similar

cases were recorded in July and August. During the third



NEVINSKY AND SEREBRYAKOV: AMERICAN PLAICE SPAWNING IN THE NORTHWEST ALTANTIC

af-—— | !
| )
| L
PN e
C
. !
55 — -

METPL MORCKUME LB T LR

— |i| L
1)

Fig. 1. Distribution of the American plaice eggs and larvae in March. { o — stations; —1-10

eggs,

A — 11-100 eges; B3 — 101-500 eggs; W30 — 501-1,000 eggs; I — more
than 1,000 eggs; o—'-- number of larvae at stations.)
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Fig. 2. Distribulion of the American plaice eggs and larvae in April. { o — stations; — 1-10
epzs. B — 11-100 eggs; B — 101-500 cggs; BRI — 501-1,000 eggs: Ml — more
than 1,000 eggs; o' — number of larvae at stations,)
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Fig. 3. Distribution of the American plaice eggs and larvae in May. ( o — stations; ] — 1-10 eggs:
A — 11-100 eggs; E5 - 101-500 eggs; RER — 501-1,000 eggs: [l - more than
1,000 eggs; e—1 — number of larvae at stations,)
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Fig. 4. Distribution of the American plaice eggs and larvae in June. ( o stations; — 1-10

eges, EZZA — 11-100 cpgs; B - 101-500 egge; om0 — 501-1,000 eges:
than 1,000 eggs: &' — number of larvae at stations.)
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Fig. 5. Distribution of the American plaice in July. { o — stations; — 1-10 eges; ZZA —
HAL0O eggs; B3 - 101-500 eggs: [RER — 501-1,000 eggs; |l — more than 1,000

eggs: o' - number of larvae at stations,)
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Fig. 6. Distribution of the American plaice eggs and larvae in August — September. ( o — stations:
— 1-10 eggs: EZZB — 11-100 eggs:

E==8 _ 101-500 eggs; BRR - 501-1,000 eges:
@ — more than 1,000 eggs; o' - number of larvae at stations.)
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Stages of eggs development

Fig. 7. The correlation of the development stages of the
American plaice eggs in the areas of the Northwest
Atlantic.

quarter (July-September) scattered eggs were observed
over the shallow parts of the Grand Bank and near the
Avalon Peninsula over depths of 50-200 m (Figs. 5 and
6).

Eggs taken in March were predominantly stage 1,
while those taken in April were mainly stages I and 1l in
almost the same proportions (Fig. 7). In May all four
stages of egg devclopment were tepresented in the
samples from Lhe various parts of the Grand Bank, with
stages | and Il eggs dominant on the northern and

eastern parts of the Bank and stages III-IV eggs on the
southwest slope. In June all four stages were again
represented, with stages LIV eggs predominant in the
soulheastern Grand Bank samples and stages 1-11 in those
from the southwest slope. In July, however, samples
taken on the southeastern part of the Bank contained
only stage [ eggs.

Larvae were found in most areas of the Bank from
May to mid-Seplember over depths of 50-800 m (Figs. 3
and 6), and larval lengths varied between 4 and 22 mm,
with most being pre-larvae in the size range 4-8 mm.

The analysis of the distribution of malurity slages
in adult American plaice shows that specimens with ripe
gonads were taken in January and February (Table 2).
On the northern part of the Bank (Div. 3L) the greatest
number of spawning fish (stage V) were observed in
March, April, and May, but the observation for March is
imeconclusive due to the small volume of dala. In the
southern Grand Bank areas the maximum numhers of
spawning fish were recorded in March, May, and June

for Div. 3N and in April and May for Div. 30.

From the distribution of eggs, larvae and spawning
adults, it is possible to conclude thal the spawning
period for American plaice on the Grand Bank extends
from about mid-March to Seplember. The most inlensive
spawning apparently occurs on the northern part of the
Bank from mid-April to mid-May mainly at depths of
50-200 m. Spawning seems to be much less intensive on
the southern parts of the Bank, the peak period being
from mid-April to the end of May on some parts of the
southeastern slope in depths of 50-130 m, and {rom
mid-April to mid-June on the southwestern part of the
Bank at depths of 50-100 m.

Flemish Cap Bank (ICNAF Division 3M)

Some American plaice eggs were taken in this area
from the second half of March to August (Figs. 1-5), the
greatest numbers being observed over the central parl of
the Bank (bottom depths of 150-200 m) in the second
half of May and in July (Figs. 3 and 5). Most of the eggs
were in stage | of development (Fig. 7). The few larvae
taken in July were 3-6 mm long.

From the analysis of maturily data on adulls
(Table 3}, spawning fish were observed in this arca as
early as March and also in September,

From the small amount of data available, it is
difficult to determine the spawning period. Apparently,
the main spawning of this small stock of American plaice
occurs on the central part of the Bank at depths of
150-200 m from the middle of May to the end of July.



32

ICNAF RESEARCH BULLETIN NUMBER 10, 1973

TABLE 2. Maturity stages of the American plaice in the waters of the Grand Bank, 19534-70,

Maturity stages in %

No.
Division Month i v v VI VI-IT of fish
31 I 58.6 38.0 3.4 - - 87
1 18.6 72.4 9.0 - 311
1m - 52,5 38.7 2.3 6.8 44
v 13.1 40.6 31.7 4.6 16.0 281
Vv 45.8 20.0 29.5 - 4.7 190
VII 3.8 11.6 6.4 7.8 42,4 467
VIII 33.1 23.8 3.2 4.3 35.6 050
IX 75.3 237 0.8 - - 123
3N | 39.8 3.7 8.5 - - 224,
|| 45.2 45.2 9.6 - - 73
111 2.0 44.1 23.5 1.0 29.4 102
v 25.6 25.6 18.6 0.8 29.6 125
vl 36.2 21.4 26.8 34 12.2 354
VII 58.3 11,1 0.8 11.1 18.7 235
VIl 56.4 5.3 - 106 27.8 133
30 I 00.0 31.0 3.6 - 34 55
111 17.4 60.9 17.4 - 4.3 69
v 22.2 13.6 57.8 - 4.4 45
v 26.1 30.4 43.5 - - 23
Vi 45.0 19.3 8.6 3.7 23.4 406
Vil 29.3 23.6 5.6 7.5 34.0 106
IX 272 23.8 5.4 - 43.6 92
TABLE 3. The maturity stages of American plaice, Flemish Cap area, 1954-70.
Maturity stages in %
Nao.
Month I1E v v V1 VIl of fish
111 5.5 19.5 222 — 2.8 72
VI 58.0 377 4.3 — - 69
IX 429 30.4 7.1 - 19.6 56

St. Pierre and Green Banks (ICNAF Subdivision 3Ps)

No American plaice eggs were taken in this area
during March and April, but in May they were widely
distributed from near the Newfoundland south coast to
the southern slope of the Shelf over depths of 50-500 m
(Fig. 3). The greatest concentrations of eggs were found
on Burgeo Bank, the northwestern and southern parts of
St. Pierre Bank, and the southern part of Green Bank
over depths of 50-200 m. Also, large numbers were
found over the Laurentian Channel. Tn June small
quantities were taken at stations on the southern part of
S, Pierre Bank over depths of 30-500 m, but a few
occurred south of the Bank over oceanic deplhs of
2,000-3,000 m (Fig. 4).

While all four developmental stages were repre-
sented in the samples taken during the first part of May,
most eggs were in the carly stages (I-11), but later in May
stages Il and IV were predominant (Fig. 7).

The greatest numbers of larvae, 3-8 mm in length,
were caught in the St Pieree Bank arca during the last
half of May and June (Figs. 3 and 4). However, a few
larvae, 7-12 mm in length, were taken at the end of
August over the northwestern part of the Bank (Fig. 6).

From the availuble maturily data lor adulis, ripe
running fish (slage V) were observed in June, but
pre-spawning fish (stage 1V) can be found during
practically the whole year (Table 4).
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TABLE 4, Maturity stages of American plaice gonads, Saint Pierre area, 1960-70.

Maturity stages in %

No.
Month 11 v A4 VI AAF of fish
I 43.5 26.4 3.7 — 26.4 33
\Y 68.0 16.0 — — 16.0 25
VI 26.2 8.9 20.2 7.3 37.4 326
IX 50.8 39.2 9.2 — 0.8 1,566
X 39.3 21.4 39.2 — - 178
X1 47.5 49.5 1.0 — 2.0 97

Information available on the distribution of eggs
and farvae suggests that spawning takes place in the St.
Pierre Bank area during May and June with the peak
spawning in May. The main spawning areas seem to be
on and around Burgeo Bank, just off the south coast of
Newfoundland, on the northwestern part of St. Pierre
Baok, and along the southern slopes of St. Pierre and
Green Banks, mainly at depths of 50-250 m. It is
doubtfui that spawning occurs in the deep water of the
Laurentian Channel; the eggs found here probably
drifted from the Gulf of St. Lawrence or from the banks
on either side of the Channel. Eggs found over the
southern part of St. Pierre Bank could have drifted
southeastward to lhe Green Bank area and to the
southwest slope of the Grand Bank.

Nova Scotian Shelf (ICNAF Divisions 4V, 4W, 4X)

From the limited coverage in April a single plaice
egg was taken on the southern slope of Banquereaun Bank
(Fig. 2). In May, however, good concentralions of eggs
were found on the northern part of the Scotian Shelf
just east of Cape Breton and on Scalari and Misaine
Banks over depths of 50-200 m, while smailer quantities
were taken on Banquerean Bank, along the Laurentian
Channel over depths of 50-200 m (Fig. 3). Also, a few
eggs were taken along the continental slope off
Banquereau, Browns, and Georges Banks over oceanic
depths of 2,000-3.000 m (Fig. 3).

During the sccond 10-day period of May, eggs in
early stages of development (stages I-I1) were dominant
in the Banquereau Bank area (Div. 4V), whereas in late
May the proportions of eggs in early and later stages
were quite similar (Iig. 7). In the Emerald Bank area
(Div, 4W), however, eggs in lale stages of development
predominated, with the proportion of stage IV eggs
especially high.

Larvae, ranging from 4 to 13 mm in length, were
observed on Banquereau Bank in May (average size

6.0 mm) and in August (average size 7.8 mm) (Figs. 3

and 6). Individual larvae taken in the vicinity of Emerald
and Browns Banks were 4-8 mm in length.

Analysis of the distribution of eggs and larvae
suggests that the most intensive spawning occurs in May
on the northern part of the Scotian Shelf, just east of
Cape Breton and on the northern part of Banquereau
Bank, at depths of 50-200 m. Less intensive spawning
apparently takes place in the Emerald and Browns Bank
areas al about the same time. However, these con-
clusions should be considered preliminary, becanse of
the absence of data on the distribulion of spawniug (ish.

Discussion and Conclusions

Frost {1938) and Huntsman (1918) reported that
American plaice spawning takes place in July on the
Grand Bank and even later off the Labrador coast.
However, Pitt (1966) reported that the peak spawning
period was in early April for the Flemish Cap stock and
ranged from the end of Aprl for the stocks on the
Grand Bank and adjacent areas Lo early June for the
Labrador-Northeast Newfoundland Shelf populations.
As far as it is possible to judge from Lhe present data on
the distribution of eggs and spawning fish, American
plaice spawn on most areas of the continental shelf from
Labrador to the Gulf of Maine (Fig. 8). The most
intensive spawning areas are on the northern part of the
Grand Bank, ofif southern Newfoundland from Burgeo
Bank southeastward over St. Pierre and Green Banks,
and on the northern part of the Scotian Shelf from off
Cape Breton southeastward to Banquereau. Spawning
takes place in these areas mainly in April, May, and
June. In other areas of the Northwest Atlantic (Table 5)
as well as in the Northeast Atlantic (Milinsky, 1944),
spawning oceurs during approximately the same period,
with an extension of the spawning period into July in
the north (Labrador and West Greenland). (n Flemish
Cap, however, cggs were taken carlier than in any other
area and also later than in most (March-July), The
American plaice, therefore, can be classed as a spring-
spawning fish.
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TABLE 5. Spawning period of American plaice in the Northwest Atlantic,— less intensive spawning;

i intensive spawning,

Areas and authors Yonths

mopu v vV | v | vin | IX
West Greenland (Jensen, 1925) I
Labrador (Frost, 1938; Pitt, 1966; authors’ data) T e es
:uegi?;n{;i:::)d (Huntsman, 1918; Frost, 1938; Pitt, 1966: I e pans
$t. Lawrence Gulf (Huntsman, 1918; Frost, 1938; Powles, 1965) ]///|/////// I [ e
Northern part of Grand Bank (Pitt, 1966; authors data) T ::i///l ey
e R O = 1 T
Flemish Cap Bank (Pitt, 1966; authors’ data) L i
:iitr}]}to r['legl:;af Green Banks (Pitt, 1966: L'Herrou & Minet, 1971; /7)) //:///////
Nova Scotia (Frost, 1938: L'Herrou & Minet. 1971; authors data) ez /TN
Bay of Fundy (Huntsman, 1918 Bigelow & Schrocder. 1953) //////ll////// 1
Gulf of Maine (Bigelow & Schroeder, 1053) rrra //////;///////: T :i: 211

Hydrological data collected by the survey vessels
indicate that water lemperatures in the spring ranged
from 0° to 6°C in the ncar-bottom water layers and
from 6° to 18°C in the surface layers. The most
intensive spawning was observed at near-bottom tem-
peratures in the order of 0° to 25°C in the more
northerly spawning areas and 0.4° to 6.0°C in the
southern areas, and al surface temperatures in Lhe range
of 10° to 18°C. The range of near-bottom termperatures
given above nearly encompass those given by Pitt
(1966), who reported that average bottom temperatures
during spawning ranged from 3.5°C for Flemish Cap to
—1.3°C for the northern parl of the Grand Bank, with
intermediate values for the eastern and soulhwest slopes
of the Grand Bank and for St. Pierre Bank.

The spawning areas on the continental shelf seem
to be located at depths of 30-250 m in areas of eddying
and turbulence caused by the cold Labrador Current in
the Grand Bank area aud by the cold waters flowing out
of the Gulf of 5t. Lawrence in the northern Scotian
Shelf area. Plaice larvae in different stages of develop-
ment (3-22 mm in length) were generally observed in the

same habitats as eggs, i.e., over or near the spawning
areas. Thus, the low currenl velocitics in the Grand Bank
spawning areas and the occurrence of both eggs and
larvae near these areas suggest that plaice in the early
stages of development do not drift far from the
spawning grounds. However, this conclusion cannot be
drawn for the Nova Seolian area where current velocities
are higher and could carry the early stages of plaice
considerable distances off the shelf areas.
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Meristic Characteristics of Atlantic Herring,
Clupea harengus harengus L., Stocks in
Newfoundland and Adjacent Waters

By L. S. Parsr.:n'ns1
Abstract

Numbers of vertebrae, gill rakers, pectoral, anal, and dorsal fin rays were examined for approximately 5,100 herring,
ranging from Gabarus Bay, Nova Scotia to the Strait of Belle [sle including most coastal areas of Newfoundland, Sexual
dimorphism in meristic numbers was negligible. Mean numbers of gill rakers and of pectoral and anal fin rays were
generally higher for autumn-spawning than for spring-spawning herring. Gill-raker number apparently increases with fish
size in juvenile herring but not in adulis. Correlation of the other meristic characters with fish length was negligible. Mean
numbers of vertebrae and anal fin rays differ significantly between year-classes from the same locality in some instances.
Geographic trends in the mean numbers of gill rakers and anal fin rays of spring spawners indicated a negative correlation
between meristic number and water temperature during early development,

Deorsal fin-ray averages are unsatisfactory for stock differentiation, but mean numbers of pectoral and anal fin rays,
gill rakers, and vertebrae appear useful to varying degrees for this purpose. Meristic comparisons suggest that the total
herring stock in the Newfoundland area consists of 2 number of essentially diserete units or local stocks which intermingle
to a limited extent, if at all. Stock relationships incidated by the combined results of the four meristic eharacters utilized
agree in most instances with those derived by other methods.

Introduction

The fishery for Atlantic herring in Newfoundiand
waters increased spectacularly during the past decade.
With the advent of a purse seine fishery, seasonal catches
in the coastal waters of Southwest Newfoundland (Cape
Ray to Hermitage Bay) increased rapidly from less than
10,000 metric tons in 1965 to about 130,000 metric
tons in 1969 (Hodder, 1971). Although over the years
the bulk of the herring has been caught in the coastal
waters of southern and western Newfoundland, herring
appear seasonally in practically all bays and inlets
around the Newfoundland coast and are fished Lo a
limited extent in all areas.

The tremendous increase in fishing pressure on
herring stocks frequenting the coastal waters of New-
foundland and adjaceut areas, coupled with the pos-
gibility that the same stock or group of stocks was being
fished at different times and places, emphasized the
importance of identifying and delimiting the unit stocks
of herring which occur in the Newfoundland area. In
January 1969 a study of the meristic characteristics of
herring inhabiting Newfoundland and adjacent waters
was undertaken to determine whether there are suf-
ficient morphological differences between herring from
the various areas to delineate separate stocks. This paper

presents the results of that investigation, the primary
ohjective being Lo determine whether the total herring
stock in the Newfoundland area is a single, widely
distributed population, the members of which inter-
mingle freely and undertake extensive migrations along
the coast, or whether it consists of a number of
essentially discrete units or local stocks which inter-
mingle to a limited extent, if at all.

Materials and Methods

Herring populations ranging from Gabarus Bay,
Nova Scotia, in the south to the Strait of Belle Isle in the
north including most coastal areas of Newfoundland
(Fig. 1) were sampled from January 1969 to July 1970;
altogether approximately 5,100 specimens were ex-
amined. Herring samples, usually of 50 specimens but
sometimes in multiples of 30, were collected from
catches of purse seines, midwater trawls, gillnets, and
codtraps. Samples taken by purse seine are directly
comparable with each other and may be regarded as
representative of the schools from which they were
obtained since the amount of selection by the gear is
negligible. However, samples obtained from gillnets and

! Fisheries Research Board of Canada, Biological Station, St. John’s, Newfoundland.
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codtraps cannot be regarded as completely representa-
tive of the size and age composition ol the schools

because of the seleclive action of these gears (Hodgson,
1933; Tester, 1935 Olsen, 1959},

GUEBEC

509,

B

§ gAY

55°

Fig. 1. Area map showing the localities and place names mentioned in the text.

The lenglh, sex, stage of maturity (according to
the 1964 ICNAF maturity scale for herring) and weight
of the fish were recorded and otoliths taken for
subsequent age determination. The length used is the
greatest total length measured from the lip of the lower
jaw to the end ol the longest lobe of the caudal {in with
the lobe extending posteriorly in line with the body.

Individual adult fish were assigned to spawning
season on Lhe hasis of gonad development in relation to
time of capture. Spring- and autumn-spawning herring
dilfer markedly in the timing of the cycle of gonad
development. Although the stage of malurity may not
he a reliable indicator of spawning season in all cases,
generally the distinction between the major spring- and

autumn-spawning groups is elearcut; very few borderline
cases were observed during the course of the present
investigation,

In most areas (excluding Fortune Bay and Gabarus
Bav) only small proportions of immature herring were
present in the samples (Table 1). In those areas where
virtually all adults belenged to one spawning group (e.g.
Fortune Bay and Gabarus Bay) most of lhe immature
herring were also assigned Lo Lhe predominant spawning
group since an examinalion of the otolith structure of
these herring revealed thal spring spawners  could
generally be separated from aulumn spawners on the
basis of the relative sizes of the first and second growth
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zones on the otolith (L. S. Parsons, unpublished data).
However, no attempl was made Lo classify the few
immature herring in areas where substantial proportions

ol both spring and autumn spawners were represented
among the adults and these have been excluded from the
data analyses which follow.

TABLE 1. Frequency and percentage of autumn and spring spawners in the various areas.

Frequency Percentage
Autumn Spring Autumn Spring

Areas spawners spawners lmmaturesa spawners spawners Immatures?
Gabarus Bay, N.S. 335 14 i 95,7 4.0 0.3
Magdalen Islands 368 2 20 73.6 22.4 4.0
Southwestern Nfld. 359 137 4 71.8 27.4 0.8
Fortune Bay 370 27 . 93.2 6.8 —
Placentia Bay 177 207 1 37.3 62.5 0.2
St. Mary’s Bay 124 439 = 22.0 78.0 -
Trinity Bay 111 333 — 25.0 73.0 -
Bonavista Bay 92 306 6 22,8 75.7 1.5
Notre DDame Bay 20 528 — 3.6 26.4 —
Conche 80 78 16 46.0 44.8 9.2
Quirpon 133 81 4 61.4 36.8 1.8
Strait of Belle Isle 188 12 — 94.0 6.0 -
Hawke’s Bay 159 238 49 35.7 53.4 10.9

Y ncludes only those immature herring which have not been assigned to either spawning group.,

The proportions of spring spawners in Gabarus
Bay and Strait of Belle Tde samples and autumn
spawners in Fortune Bay and Notre Dame Bay samples
were relatively insignificant (less than 7%). Hence, for
the purpose of this study Gabarus Bay and Strait of
Belle Isle herring are considered to be autumn spawners
and Fortune Bay and Notre Dame Bay herring are
considered to be spring spawners.

The age of cach specimen was recorded as the
nuntber of completed summer (opaque) growth zones on
the otolith. January | was selected as the arbitrary birth
date; a [ish is considered to be age | on January 1
following completion of the first summer’s growth.
Autumn-spawned herring would thus be several months
older than spring-spawned herring of the same assigned
age. Specimens of age X and greater were grouped into a
X+ category.

Messieh (1964) and Hourston and Parsons (MS
1969) have questioned the validity of using otolith
nucleus type as indicative of time of hatching for
Northwest Atlantic herring. Because ol the difficulty of
determining time of hatching, in this study specimens
were assigned to year-classes on the basis of spawning
time. It is assumed that the vast majority of spring-
spawining herring were hatched in th: spring and
autumn-spawning herring in the autumn (Parsons and
Hodder, 1971a; Parsons, 1972). An antumn-spawning

herring of a certain age was assigned to the year-class

immediately preceding that ol a spring-spawning herring
of the same assigned age.

Five meristic characters were examined in this
study — the numbers of vertebrae, pill rakers on the first
lower left gill arch and of pectoral, anal and dorsal fin
rays, The gill rakers on the lower branch (hypobranchial
and ceratobranchial) of the first left gill arch and the
anal and left pectoral fin rays were counted with a
binocular microscope. Vertebral counts, excluding the
hypural plate, and dorsal fin-ray counts were determined
from radiographs. All pectoral fin rays and all rakers on
the lower limb of the first left gill arch, including
rudimentary rakers and the raker in the bend of the
arch, were counted. In the dorsal and anal fins all rays
including rudimentary rays were counted; the last split
rays originating from the same base were counted as one.

For each type of statistical test employed 2

significance level of (.01 was used except where
otherwise stated.

Results

Variation among samples

Frequencies of vertehrae, gill rakers, and pectoral,
anal, and dorsal fin rays for samples from the same
general areas were compared for spring and autumn



40 ICNAF RESEARCH BULLETIN NUMBER 10, 1973

spawners separately by analysis of variance adjusted for
unequal sample sizes (Freund, Livermore, and Miller,
1962). No significant between-sample differences within
areas were found for vertebrae, gill rakers, and pectoral
and anal fin rays. Therefore, samples were combined for
subsequent analyses involving these characters. There
were, however, significant hetween-sample differences in
dorsal fin-ray averages within several areas for both
spring and aulumn spawrers.

Dorsal fin-ray counts, particularly of smaller fish,
tend to be unreliable because of difficulties in dis-
tinguishing the first rudimentary ray. A small rather
rounded hone was frequently present anterior to the
first obvious rudimentary ray as found in Oncorhynechus

nerka by Fukuhara et el. (1962) and in Salmo salar by

Templeman (1967). If this bone was round and not
clongated as in other rudimentary rays, it was not
counted. However, checks by the author revealed
differences between individuals in applying these crileria
and even the same individuals experienced difficulty in
distinguishing the first rudimentary ray consistently.
Since these inconsistencies were an obvious source of
variation in dorsal fin-ray averages, this character was

discarded.
Variation with length
To evaluate possible bias in meristic averages

resulting from the different selective properties of the
various gears employed in the collection of samples,

TABLE 2. Correlation coefficients of each meristic character with length. Numbers of fish are in parenthescs. (** indicates significanee

at the 1% level.)

Pectoral Anal Dorsal
Areas Vertebrae Gill rakers fin rays fin rays fin rays
Spring spawners

Magdalen Islands 0128 (112) 0.221 (110) 0.065 (112) 0.260%* (110) 0.102  (107)
Southwestern Nfid. 0138  (137) 0.156 (136) 0.016  (137) 0.017 (132) —3.053 (127)
Fortune Bay 0.053  (397) 0.485%* (392) 0.210%* (394) 0.087 (395} 0.159%* (363)
Placentia Bay 0.140 (296) 0.256%* (283) 0.220%* (294) 0.191%** (235) 0.137 (289)
St, Mary’s Bay 0.228%* (417) ~0.034 (415) 0.271%** (413) —0.137  (392) 0022 (385)
Trinity Bay (.261%* (333) —0.039  (320) 0.128 (331) —0.065  {332) —0.055 (319
Bonavista Bay 0.193** (304) 0.041 (301} 6.111  (303) —0.050 (302) 0.021 *(296)
Notre Dame Bay 0.378%* (548} —0.008 (525) -0.038 (544) 0.003 (541) 0.039  (517)
Conche 0.065 (77) 0.080 (75) 0.177 (74) —0.027 (75) 0.065 (74)
Quirpon -0.073 (80} 0.054  (80) 0.127 (79} 0.140  (75) 0.005 (77)
Hawke's Bay 0.039 (238) 0.106  (236) 0.039 (237) 0.061 (238) 0.020  {211)

p 0.119 0.167 0.123 0.039 0.061

0 0.014 0.028 0.015 0.002 0.004

Autumn spawners

Gabarus Bay, N.S. 0.115 (350} 0,132  (338) 0.106 (350} 0.125 (349) 0.106 (316}
Magdalen Islands -0.013  (368) ~0.002  (364) 0.116  (366) 0.041 (367) 0,012 (352)
Southwestern Nfld. —0.046  (359) 0.078 (349 0.047  (359) -0.073  (353) 0.130  (340)
Placentia Bay 0.023  (177) 0.089 (165) 0.158 (177) -0.150  (144) 6.129  (174)
St. Mary’s Bay 0126 (124) 0.024 (121) —0.067 (120) 0.031 (100} 0.059 (123}
Trinity Bay 0138 (110) 0.024 (109 0.052 (11} —0.062 (111} 0.146  (105)
Bonavista Bay —0.070  (91) —0.050 (86) 0.074  (90) 0.009  (89) ~0.007 (86)
Conche 0.151 {75} —0.023 (75) 0,380%* (80) 0.105 (80} 0.432%* (67)
Quirpon 0.024 (135 —0.002 (134} 0.240%* (134) -0.090 (129 0.209 (124
Strait of Belle [sle 0.037 (200) 0.168 (197} 0.212** (200) 0.126, (199) 0.135  (184)
Hawke’s Bay 0.115 (139 0.123  (157) 0.240%* (159} 0.180 (156) -0.089  (150)

o 0.059 0.075 0.129 0.048 0.093

' 0.003 0.006 0.017 0.002 0.00%

£ is an estimated population correlation coefficient (null hypothesis: p = 0).
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correlation coefficients relating meristic number to total
length were calculated for spring and autumn spawners
scparately within each area and the t-distribution was
used to test the null hypothesis that there was no
correlation between the two variables {r = 0).

Both positive and negative correlalions were
obtained (Table 2). The correlation coefficients differed
significantly {rom zero in only 4 of 22 possible instances
lor vertebrae, 2 instances for gill rakers, 7 inslances for
pecioral fin rays, and 2 instances for anal fin rays. The
population correlation coefficients (p) were caleulated
for spring and autumn spawners for each meristic
character (Table 2}. According Lo Fukuhara et al, (1962)
the expression 100 p* is an approximate measure of the
variability in the observations for a particular character
due to corresponding variability in length. For vertebral
number this variability is 1.4% for spring spawners and
only 0.3% for autumn spawners, for gill-raker number
2.8% for spring spawners and 0.6% for autumn spawners,
for pectoral fin-ray number 1.5% for spring spawners
and 1.7% for autumn spawners and for anal fin-ray
number only 0.2% for hoth spring and autumn spawners,
It is evident from this that the correlation between fish
length and numbers of vertebrae, pectoral and anal fin
rays respectively is negligible.

Scatler plots of gillraker number against fish
length indicated that gill-raker number increases with
fish size in juvenile herring bul there is no significanl
relationship between gill-raker number and fish length in
adult herring. Therefore, all immature fish were ex-
cluded from the gill-raker frequencies for Fortune Bay
and Placentia Bay spring spawners to eliminate any
possible bias in area comparisons.

Variation hetween sexes and spawning groups

There were no significant sex differences for any
of the meristic characlers examined, so males and
females were combined for subsequent comparisons.

In [ive of the nine areas where both spawning
groups were present spring spawners had a slightly higher
vertebral average than autumn spawners but in the other
four areas the situation was reversed (Table 3). The
difference belween spring and autumn spawners was not
sighificant (t-test) for any of Lhe nine areas. Hence, il
seemed reasonable o conclude thal in general the
differcnce between mean verlebral numbers of spring
and autumn spawners from the same area is neghgible
and the two spawning groups were combined for area
comparisons involving vertebral number,

TABLE 3. Vertebral numbers of autumn- and spring-spawning & tlantic herring from various Newfoundland and adjacent areas,

Aulumn (A} Spring (8) Differ-
Price

Areas 30 53 534 53 56 57 58 59 N Y.-\ 8D SE 32 6% 34 00 36 537 58 5% N X S0 SE Xy Vg
Crabarus Ray, N.§. 13 100 150 21 ) 3500 55497 0725 0.039

Magdalen lslands 13 139 143 22 ) 08 55.617 0666 0.035 1 44 51 13 0732 0,069 —0.035
Southwestern Nfld. 6 150 81 22 459 35610 0628 0.033 ! 2 52 T 10 0,706 0.060 -0.025
Fortune Bay 5 01 233 33 4 o83 00

Placentia Bay 1 2 Kt} 43 le 2 TTONN644 082 D062 a 127 1 1g | | 0.6% 004 1.045
St Mary’s Bay 1 42 06 12 1 122 557534 04672 0061 I 13 152 215 33 | 0697 0054 0.099
Trinity Bay 1 360 59 % %2 11D 55845 0837 0.080 110 i2% 164 22 5 0787 0.040 0,159
Bonavisla Bay 3032 8 8 1 92 55896 0722 0.075 no12e 144 21 | 0684 003 0114
Notre Dame Hay 12219 25 5% 2 0.709 0030

Canche 127 37T 10 75 anTAT 0699 0.08] 2 44 1o 0637 0.073 —0.084
Quirpon J 42 82 10 135 55748 0595 0051 2% 447 1 0662 0074 —0005
Strait of Belle lsle 30 81 1w 12 2 200 55625 0.683 0048

Hawke's Bay 2 537 92 7 159 55673 0611 0048 25 77 122 28 4 238 537H1 0.7T83 0051 D088

N = nwinber of specimens: X

Autumn spawners had higher gillraker and
pectoral fin-ray averages than spring spawners in all nine
areas where hoth spawning groups were represented
(Tables 5 and 7). Gill-raker differences were significant
(t-test) for all areas except Conche; pecloral fin-ray
differences were significant in all instances. These highly
significant differences in mean gill-raker and pectoral
fin-ray numbers necessitated the separation of spring and
autumn spawners in subsequent analyses involving gill
rakers and pectoral fin rays.

Autumn spawners also had higher anal fin.ray
averages than spring spawners in six of the nine areas

average vertebral number: 8D = standard deviation; SE - slandard error,

(Table 9). For Magdalen Islands, Southwest Newfound-
land and Placentia Bay herring these differences were
significant. Although these differences were less than for
gill-rtaker and pectoral finrav numbers, they were
sufficient Lo warrant scparation of spring- and autumn-
spawning herring in area comparisons of anal fin-ray
numbers.

Variation among year-classes

One-way analyses of variance adjusted for unequal
sample sizes were performed to test year-class variation
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in meristic numbers within each area. Year-class com-
parisons based on very small numbers of fish in each
category would be virtually meaningless. Therefore, a
minimum number of specimens (25) equivalent to half
the normal sample size (50) was arbilrarily chosen and
only those year-classes which were represented in a
particular area by at least 25 specimens were included in
comparisons of vear-class means within each area.

Vertebral number. Significant year-class hetero-
sencily was evident only in Notre Dame Bay where the
1961 vear-class which had a mean number of 56.117 (60
specimens) differed signilicantly from the 1963 year-
clazs which had a mean of 55.424 (328 specimens).
Sinee no single year-class was adequately represented in
all areas, arca comparisons were performed with all
year-classes pooled. For comparison with these results
the 1963 vear-class, which was best represented in all
areas, was selecled and area comparisons were also made
based only on specimens belonging to this year-class,

Gill raker number. There was evidence of signifi-
cant year-class heterogenity among spring spawners from
hoth Fortune and Placentia bays. The observed signifi-
cance was due to Lhe relatively low gill-raker means for
juvenile herring of the 1966 year-class which was well
represented in the samples from these areas. Although
the vear-class means for Gabarus Bay did not differ
significantly when tested by analysis of variance,
two-year-old fish of the 1967 year-class had a gill-raker
average considerably lower than the averages for older
fish belonging to the earlier year-classes. In all three
instances the differences between year-classes were
attributed to an increase in gill-raker number with fish
size in juvenile herring and the lack of a significant

relationship between gill-raker number and fish length in
adult herring. Therefore, 2-year-old herring of the 1967
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Fig. 2. Mean numbers of vertebrae by area (spring and autumn
spawners combined) for the pooled year-classes (A) and
the 1963 vyear-class only (B). {In Figs. 2-6 horizonial
lines indicate means; vertical bars indicate two standard

errors on each side of the mean.)

TABLE 4. Results of the Duncan new multiple range test applied to the ranked mean numbers of vertebrae (spring and
autumn spawners combined) of herring from various Newfoundland and adjacent areas. (Any two means not
included in the same bracket are significantly different; any two means included in the same bracket are not

significantly different.)

Pooled year-classes

1963 year-class

Area Mean Area Mean
Fortune Bay 55.877 Fortune Bay 56.020
Conche 55.789 Quirpon 55.786 :I—
Quirpon 55.750 Conche 55.708
Hawke’s Bay 55.725 Magdalen Islands 55.694
Trinity Bay 55.695 Southwest Nfld. 55.684
St, Mary's Bay 55.677 Placentia Bay 55.639
Notre Dame Bay 55,672 St. Mary’s Bay 55.614
Magdalen Islands 35.625 Gabarus Bay, N.S. 55.547
Southwest Nfld. 55.617 Bonavista Bay 55,531
Placentia Bay 55.616 Trinity Bay 55.495
Strait of Belle Isle 55.615 Notre Dame Bay 55.424
Bonavista Bay 55.608 Hawke’s Bay 595,417 —
Gabarus Bay, N.S. 55.497




PARSONS: MERISTIC CHARACTERISTICS OF ATLANTIC HERRING

vear-class were excluded from the gill-raker frequencies
for Gabarus Bay in addition to the exclusion of all
immature lish from the gill-raker frequencies for
Fortune Bay and Placentia Bay spring spawners. Since
there was no evidence of year-class heterogeneity among
adult herring, year-classes were pooled for area com-
parisons.

Pectoral fin-ray number. There was no evidence of
significant year-class heterogenity in pectoral fin-ray
averages among either spring or autumn spawners,

Anal fin-ray numéber. Analvses of variance revealed
significant year-class heterogeneity only among Placentia
Bay spring spawners. Despite this heterogeneity area
comparisons were performed with all year-classes pooled
because of the wide fluctuations in year-class strength in
the various areas and the fact that no single vear-class
was adequately represented in all areas. Area com-
parisons were also performed for spring spawners based
only on specimens belonging to the 1963 year-class.

Varialion among areas

The combined data for each meristic character
{spring and autumn spawners separate) were lested for
differences among areas by analysis of variance. To fest
the individual differences ranked means of meristic
numbers were compared using Duncan’s new multiple
range test (Steel and Torrie, 1960) modified for unequal
sample sizes as proposed by Kramer (1956}, In the
labular presenlation of the results any two means
included in the same bracket are similar but any two
means nol within Lhe same hracket are significantly
different.

Vertebral number. Vertebral means (for the
pooled year-classes) ranged from 53.497 [or Gabarus
Bay, Nova Scotia, to 55.877 for Fortune Bay, New-
foundland (Fig. 2). No geographic trend was evident. An
analysis of variance of the vertebral {requencies revealed
significant heterogeneity among areas. Duncan’s multiple
range tesl indicated that Fortune Bay herring differ in
mean vertebral pumber from herring in all other areas
excepl Conche and Quirpon (Table 4). Gabarus Bay fish
differ in mean vertebral number from Fortune Bay,
Conche, Quirpon, Hawke’s Bay, Trinity Bay, St. Mary’s
Bay, and Notre Dame Bay fish but are similar to all
others.

Vertebral comparisons based only on the 1963
vear-class also indicated that Fortune Bay fish differ
from all others except Conche and Quirpon. Notre Dame
Bay fish also appear to be different from Quirpon and
St. Mary’s Bay fish. Although herring of the 1963
year-class from Hawke’s, Notre Dame, Bonavista and
Trinity bays appear to have telatively low vertebral

Differ-
ence

Spring {3

Autumn (A)Y

TABLE 5. Gill-raker numbers of autumn- and spring-spawning A tlantic herring from various Newfoundland and adjacent areas, (** indicates significance at the 1% level )
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TABLE 6. Results of the Duncan new multiple range lest applied to the ranked mean number of gill rakers of herring from
various Newfloundland and adjacent areas (based on pooled year-classes).

Spring spawners

Autumn spawners

Area Mean Area Mean
Bonavista Bay 48.973 Gabarus Bay, N.5. 49.655
Quirpon 48.930 Trinity Bay 49,541
Trinity Bay 48.863 Bonavisla Bay 49.488
Conche 48.853 Quirpen 49.448
Notre Dame Bay 48.842 St. Mary’s Bay 49,437
Placentia Bay 48.621 Strait of Belle Tsle 49421
St, Mary’s Bay 48.494 Placentia Bay 49218
Fortune Bay 48,370 Conche 49.200
Hawke's Bay 48.229 Southwest Nfld. 49.166
Southwest Nfld. 47.610 Hawke’s Bay 49146
Magdalen [slands 47,036 Magdalen lslands 48.997—

90T S SN S S e B A

means whereas the means for Conche and Quirpon are
relatively high, exceeded only by that for Fortune Bay,
these differcnces are generally not statistically significant
probably  because of the very small numbers of
specimens involved in some areas,

Gill-raker number. Gill-raker means among spring
spawners ranged from 47.036 for Magdalen Islands to
48.973 for Bonavista Bay (Table 5 Fig. 3). Among
autumn spawners the means ranged from 48,997 for
Magdalen Islands to 49.655 for Gabarus Bay. Analyses
of variance of the gill-raker frequencies showed signifi-
canl heterogeneity among both spring and autumn
spawners. Duncan’s new multiple range test revealed that
Magdalen lslands and southwestern Newfoundland
spring-spawning herving differ in mean number of gill
rakers from spring spawners in all other areas (Table 6).
Spring spawners from eastern Newfoundland (Trinity
Bay to Quirpon) und southeastern Newfoundland (St.
Mary’s, Placentia, and Fortune bays) plus Hawke’s Bay
{Northwest Newfoundland) form sets that are different
from each other. fish from eastern Newfoundland having
higher gill-raker averages than those from southeastern
Newfoundland and Hawke’s Bay which in turn have
higher averages lhan Southwest Newfoundland and
Magdalen Islands fish. The gill-raker mean for Southwest
Newfoundland spring spawners is intermediate between
those for Magdalen Tslands and Hawke’s Bay spring
spawners and significantly different from both.

Among autumn spawners differences in mean
numbers of gill rakers are much less evident, Autumn-
spawning herring from Gabarus Bay which bave the
highest gill-raker average differ significantly from Mag-
dalen Islands, Hawke’s Bay, and Southwest Newfound-
land aulumn spawners which have the lowest gill-raker
averages.
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Fig. 3. Mean numbers of gill rakers by area and spawning group.

Pectoral fin-ray number. Mean numbers ol pec-
toral fin rays among spring spawners ranged from 16.954
for Fortune Bay fish to 17.446 for St. Mary’s Bay fish
(Table 7; Fig. 4). Among autumn spawners the means
ranged from 18.418 for Quirpon fish to 18,622 for
Trinity Bay tish. No geographic trend in mean pectoral



PARSONS: MERISTIC CHARACTERISTICS OF ATLANTIC HERRING

number was evident among either spawning group. There
was  significant area heterogeneity among spring
gpawners but not among autumn spawners. Comparisons
of the ranked means of pectoral fin rays for spring
spawners indicated that Fortune Bay fish ditfer from
those in all other areas (Table 8). St. Mary’s Bay spring
spawners are similar in mean pectoral fin-ray number to
spring spawners from Hawke’s Bay, Quirpon, and
Conche but differ significantly from those in all other
areas, Notre Dame Bay spring spawners differ signifi-
cantly from Conche, Quirpon, and Hawke’s Bay spring
spawners as well as those from St. Mary’s and Fortune
bays.

Anal fin-ray number. Mean numbers of anal fin
rays among spring spawners {vear-classes pooled} ranged
from 17.598 for Southwest Newfoundland herring to
18.026 for Bonavista Bay herring (Tabie 9; Fig. 5).
Among autumn spawners the means ranged from 17.929
for 5t. Mary’s Bay fish to 18.300 for Magdalen Islands
fish. Analyses of variance of anal finray frequencies
revealed significant heterogeneity among both spring and
antumn spawners, Among spring spawners fish from
eastern and northwestern Newfoundland (Trinity Bay to
Quirpon plus Hawkes Bay) and fish from southern
Newfoundland and the Magdalen Islands form two sets
that appear to be different from each other (Table 10).
Eastern Newfoundland and Hawke’s Bay spring spawners
have higher anal fin-ray averages than those from
southern Newfoundland and the Magdalen Islands.
Comparisons based only on the 1963 year-class show
greater similarity than those based on the pooled
year-classes. Fortune Bay herring of the 1963 year-class
differ significanty from Bonavista Bay and Trinity Bay
spring spawners of the same year-class (t-test),

Among autumn spawners Magdalen Islands fish
differ significantly in mean number of anal fin rays {from
Gabarus Bay, Placentia Bay, St. Mary’s Bay, Trinity Bay,
and Bonayista Bay aulumn spawners. Autumn-spawning
herring [rom the other areas are not significantly
different from each other.

Vertebral abnormalities

It is customary in meristic studies to exclude
vertebral columns with fused vertebrae when computing
means. In the present study such abnormal vertebral
columns were noted so that the effect of their exclusion
from the means could be studied. Of 5,092 herring 108
(2.12%) possessed Tused vertebrae. The frequency of
abnormalities per fish (number of fish in parentheses)
was 1(82), 2(20y, 3(3), and 6(1). When each partially
developed fused centrum was counted as one complete
vertebra, Lhe vertebral means based on fish with normal
plus those with abnormal vertebrae were not signifi-
cantly different in any area {rom those means based only

TABLE 7. Pectoral fin-ray numbers of autumn- and spring-spawning A tlantic herring from various Newfoundland and adjacent aress. (*¥ indicates significance at the 1% level.)
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TABLE 8. Results of the Duncan new multiple range test
applied to the ranked mean numbers of pecloral fin
rays of spring-spawning herring from various
Newfoundland and adjacent areas {based on pooled
year-classes).

Spring spawners

Area Mean

St Mary's Bay 17.146—
Hawke’s Bay 17.388 B
Quirpon 17.388
Conche 17.311=
Bonavista Bay 17.266
Magdalen Islands 17.250
Placentia Bay 17.247
Trmity Bay 17.245
Southwest Nfld. 17.182
Notre Dame Bay 17.154—
Fortune Bay 16.954

on lish with normal vertebrae. Hence, il appears that
vertebral means are not signilicantly  affected by
inclusion or exclusion of the small number of vertebral
columns with fused vertebrae.

Similar lindings were reported by Ford and Bull
¢1920) lor Northeast Atlantic herring and Templeman
(1918, 1970) for capelin, Mallotus villoses, and Green-
land hulibut, Reinhardtius hippoglossoides. The percent-
ages of fish with fused vertebrae in those studies are very
similar to that found for Atlantie herring in the present
study. Ford and Bull (1920) reported that 1.53% of
their specimens had fused vertebrac. Templeman (1948,
1974) found 2.09 and 1.89% with fusions among capelin
and Greenland halibut respectively. Pitt (1963) stlated
that an average of aboul 2% of American plaice,
Hippaglossoides platessoides, had fused vertebrae, These
percentages are much lower than that reported by
McHugh (1942} dor juvenile Pacific herring, Clupea
pallasii (6.65%).

Piscussion and Conclusions

In most Newfoundland areas and also in the
southern Gulf of St. Lawrence two major spawning
aroups of herring oceur, one spawning in spring and the
other in late summer or autumn (Parsons, 1970; Parsons
and Hodder, 197 la; Messieh and Tibbo, 1971). Spring-
spawning herring arc predominant in some arcas and
aulumn spawners in others. These two spawning groups
may be characterized as low- and high-temperature
spawners respectively (Blaxter, 1958). Spring spawning
generally  oceurs some time between late April and
mid-June and lale summer-autumn spawning in Augusl-

TABLE 9. Anal finray numbers of autumn- and spring-spawning Atlanlic herring from various Newfoundland and adjacent areas. {(** indicates significance al the 1% level.)
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number of specimens; ¥ = mean anal fin-ray number: SD - slandard deviation: SE — standard error.
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TABLE 10. Results of the Duncan new multiple range test applied to the ranked mean numbers of anal fin rays of herring
from various Newfoundland and adjacent areas (based on pooled vear-classes).

Spring spawners

Autumn spawners

Area Mean Area Mean
Bonavista Bay 18.026—| Magdalen Islands 18.300
Quirpon 18.000 Southwest Nfld. 18.164
Trinity Bay 17.99] Strait ol Belle Isle 18.121
Hawke’s Bay 17.938 Hawke’s Bay 18.115
Conche 17.920_‘ Conche 18.113
Notre Dame Bay 17.917 Quirpon 18.085
St. Mary’s Bay 17.783 Gabarus Bay, N.S. 18.080
Fortune Bay 17.777 Placentia Bay 17.958
Magdalen Islands 17.691 Trinity Bay 17.946
Placentia Bay 17.641 Bonavista Bay 17.944
Southwest Nild, 17.598— St. Mary’s Bay 17.929—
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Fig. 4. Mean numbers of pectoral fin rays by area and spawning
group.

September. Evidence from other sources (Jean, 1956;
Tibbo and Legaré, 1960; Das, M5 1968) indicates that in
the Northwest Atlantic mean water lemperature on the
spawning grounds is approximately 5°C lower in the
spring than it is in the autumn. Temperatures during
. . o o0
spring spawning generally range from 27 to 12°C and

during late summer-antumo spawning from 8° to 16°C.

Fig. 5. Mean numbers of anal fin rays by area and spawning
group { vear-classes pooled).

Parsons and Hodder (1971a) have shown that
spring- and autumn-spawning herring which overwinter
along Southwest Newfoundland exhibit distinct dif-
ferences in mean numbers of fin rays and gill rakers, and
Messieh and Tibbo (1971) have reported similar fin-ray
differences between spring and autumn spawners in the
southern Gulf of St. Lawrence. The present study
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provides evidence that such differences are widespread,
for spring- and autumn-spawning herring in praclically
all areas around Newfoundland differ in these meristic
characieristics. Although there is generally no significant
difference between mean vertebral numbers of spring
and autumn spawners, mean numbers of gill rakers and
of pectoral and anal fin rays are generally higher
(P <<0.01) for aulumn-spawning than for spring-
spawning herring, with gill-raker and pectoral fin-ray
numbers exhibiting the greatest degree of difference
hetween spawning groups.

Parsons and Hodder (1971g) have related dif-
ferences in the mean numbers of fin rays ol spring- and
autumn-spawning Atlantic herring to waler temperatures
during early development and to differences in the
developmental rates of spring- and autumn-hatched
larvae. Parsons (1972) has shown thal from 79 to 91% of
individual spring and autumn spawners can be correctly
classified Lo their respective spawning groups by the use
of a linear discriminant function based on three meristic
characlers, [rom which it is concluded that the vast
majority of aulumn spawners are the progeny of herring
which spawned in the aulumn and spring spawners of
herring which spawned in the spring.

In view of the highty significanl meristic difl-
[erences hetween spawning groups within areas, it is
necessary to consider spring and autumn spawners
separately for between-area comparisons of all meristic
characters except vertebral number. Comparisons of
herring stocks in various regions have often heen based
solely on one meristic character, i.e. vertebral number.
However, since meristic characters are susceptible during
the early life history of individual fish to local
environmenlal fluctuations, which may produce re-
cognizable variations in some meristic characters bul not
in others, no single character is likely to be adequate to
delineate the interrelationships of several stocks. The
fact that spring- and autumn-spawning herring differ
significantly in mean numbers of pecloral and anal fin
ravs and gill rakers, despite similarities in mean vertebral
numbers, demonsirates the necessity for considering
several characters in attempts at stock differentiation.
Statistical comparisons of mean numbers of pectoral and
anal fin rays, gill rakers and vertebrae indicate that all
four meristic characters are useful to a limited degree for
determining the interrelationships of herring stocks in
the Newfoundland area. Gillraker and anal fin-ray
numbers appear 10 be the most useful.

Combined results for all four meristic characlers
indicate that Soulhwest Newfoundland and Magdalen
Islands spring-spawning herring differ from southeastern
Newfoundland (Fortune, Placentia, and St. Mary’s bays)
spring spawners which in turn are different from eastern
Newfoundland (Trinity Bay to Quirpon) spring

spawners. Southwest Newfoundland spring spawners
have a gill-raker average which is intermediale between
that for Magdalen lsiands and [tawke’s Bay spring
spawners, indicating a possible mixing of spring spawners
from more than one area along Southwest Newfound-
land. However, when all four characters are considered,
it appears that Hawke’s Bay spring spawners are
relatively distinct from spring spawners to the south
(Southwest Newfoundland and Magdalen Islands) and
the northeast (Quirpon and Conche). The distinct
vertebral and pectoral fin-ray averages of Fortune Bay
herring indicate that these herring probably do not
intermingle to any greal extent with those in adjoining
areas, From their pectoral fin-ray average St. Mary’s Bay
spring spawners also appear Lo be relatively distinet from
those in adjoining areas. There are no apparent meristic
differences among spring spawners from Trinity,
Bonavista, and Notre Dame bays but Notre Dame Bay
spring spawners differ significantly in mean number of
pectoral fin rays [rom Conche, Quirpon, and Hawkes
Bay spring spawners. Spring-spawning herring from
Conche and Quirpon were similar in all meristic
characteristics,

Fewer meristic differences are evidenl among
autumn spawners than among spring spawners. Com-
parisons ol mean vertebral numbers indicale that
autumn spawners from Gabarus Bay in northeastern
Nova Scotia, which have the lowest vertebral ayverage
(53.497), are different from Hawke’s Bay, Quirpeon,
Conche, Notre Dame Bay, and Trinily Bay herring.
Gabarus Bay autumn spawners have the highest gill-raker
average among aulumn spawners and are significantly
different from Magdalen lslands, Southwest Newfound-
land, and Hawke’s Bay antumn spawners, which have the
lowest gill-raker averages (in order of increasing magni-
tude). Magdalen lslands autumn spawners are also
significantly different in mean numbers of anal fin rays
from Gabarus Bay and soulhcastern Newfoundland
(Placentia, St. Mary’s, Trinity, and Bonavista bays)
autumn spawners. These results suggest that aytumn-
spawning herring from northeastern Nova Scolia
{Gabarus Bay) do not intermingle much with autumn
spawners {rom Southwest Newfoundland and the sout-
hern and northern Gulf of 3t. [Lawrence. Magdalen
Islands autumn spawners are similar in meristic char-
acteristics to autumn spawners from Southwest New-
foundland and Hawke’s Bay but apparently intermix
very little, i[ at all, with southeastern Newfoundland
autumn spawners.

A nepative correlation belween mean vertebral
number and water temperature has been shown pre-
viously for herring (Hubbs, 1925: Rounsefell and
Dahlgren, 1932; Tester, 1938; Rinnstrom, 1941; Biick-
mann, 1930). Tibbo (1950), from investigations con-
ducted in 1942-44, found that the mean number of
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vertebrae tended to decrease from south Lo north in the
Newfoundland area, which is the reverse of what is
usually found elsewhere. Ile concluded thal this was due
to a progressive increase in lemperature at spawning
from south to north, dPVP]Opmt‘l’lt of Notre Dame Bay
herring  taking plau; later in the season at hlgher
temperatures and being reflected in a lower mean
number of vertebrae. Apart from Fortune Bay and
Gabarus Bay herring vertebral means were similar
throughout the area studied in the present invesligation,
with no geographic trend evident. Tibbo (1956) char-
acterized three distinet herring populations on the basis
of vertebral means. Labrador and Notre Dame Bay
herring had similar relatively low mean numbers of
vertebrae (55.45% and 55.429 respectively). Vertehral
means ol combined samples from those two areas
dilfered significantly from the means for Bay of Tslands
(55.564) and Fortune Bay (35.779) which in turn were
significantly differenl from each other. The vertebral
mean for Placentia Bay (55.685) was statistically similar
lo the means for Fortune Bay and Bay of Islands.
Although the mean number of verlebrae of Notre Dame
Bay herring increased significantly from 1942.44
{55.429) to 1969-70 (55.672), in both periods Fortune
Bay herring had the highest mean vertebral numbers in
the Newfoundland area (35.779 and 55.877 respective-
ly). Tibbo (1957a) reported a relatively high mean
vertebral number of 55.772 for Forlune Bay herring
during the 1946-48 period. Hodder {1967) also found a
high vertebral mean (35.82) for Fortune Bay herring
during 1965-66. From vertebral data reported by
Anthony and Boyar (1968) for Gulf of Maine and
adjacent Nova Scotian areas, Tibbo (1957b) for the
Atlantic coast of Nova Scotia, and Day (1957a, b, ¢) and
Tibbo (1957¢) for the northern and southern Gulf of St.
Lawrence, it appears that the present mean vertebral
number of Fortune Bay herring (55.877) is matched
only by that for herring from Ile Verte in the Estuary of
the Gulf of St. Lawrence (55.883) and hence is among
the highest in the Northwest Atlantic,

Jean (1967) attributed the high vertebral average
of lle Verte herring to a negative correlation between
vertebral number and water temperature, based on the
premise that lle Verte herring spawn and develop in very
cold water. The consistently high vertebral averages of
Fortune Bay herring may also be related to a relatively
low temperature at spawning. Spring spawning in
Fortune Bay usually occurs some time between mid-
April and mid-May, mostly in early May, which is carlier
than in most other Newfoundland areas {unpublished
data, St. Johu’s Biological Station). Hydrographie data
indicate that in relatively shallow-water in Fortune Bay
tempcralures around the 2(}th of April generally range
from 1.9°c at 10 m to 2.5°C at the surface, By the 20th
of May bottom LFmperaluree. in 2-6 fathoms in the
vicnity of lhe spawnmng grounds range from 25° to

3.8°C. Hence it seems likely that incubation tempera-
tures could be as low as 2° to 4°C. It is possible that, as
a result of the earlier spawning spring-spawned herrmg
eggs in Fortune Bay develop and hatch at lower
temperatures than in other Newfoundland areas where
spawning is later (mid-May Lo mid-June) and tempera-
tures al spawning may he higher. The available hydro-
graphic data for most Newfoundland inshore areas are
inadequate to permit valid comparisons ol temperature
at spawning in the various arcas, but it is known that in
1970 bottom temperatures on the spawning grounds in
St. Mary’s Bay during and 1mmed1dtely afler spawning in
late May ranged from 4° to 10°C (G. . Winlers,
personal communication).

Despile the lact of a geographic cline in vertebral
means, the present results show geographic rends in the
mean numbers of gill rakers and anal fin rays which
appear to be correlated with water temperatures during
early development, The period of fixation of gill-raker
number in Atlantic herring is not known but is possibly
related to complex ecological factors, in particular those
connected with the optimum utilization of available
food. It has been shown for several gpecies that a
correlation exists between gill-raker number and feeding
habits {Reshetnikov, 1961; Martin and Sandercock,
1967). Although the precise time of fixation of the
number of rays in the anal f(in is also unknown, it
probably occurs during the larval period since anal (in
formation is completed at ahout 30 mm (Lebour, 1921),

A general negative correlation between the mean
number of gill rakers and water temperature is readily
apparenl from the h} drography of the Newfoundland
area. The frlgld (< 0° C) portion of the Labrador Current
of Arctic origin exerts the dominant hydrographic
intluence along the east coasl of Newloundland (Smith et

s 1937, Hachey et al., 1954; Templeman, 1966). To
the north of the Grand Bank the Labrador Current
divides, one branch passing through the Avalon Channel
and along the coast southward Loward Cape Race and
the second flowing along the eastern slope of the Grand
Bank, The volume of very cold waler in the Labrador
Caurrent declines from north to south (May et al, 1965)
and is less prominent along southeastern lh.-m along
easlern Newfoundland. s influence upon coastal hydro-
graphy is relatively weak west of Fortune Bay. A
relatively warm current flows northward along the west
coast of Newloundland. A portion of this current flows
out along the south shore of the Strail of Belle Isle,
whereas a cold branch of the Labrador Current enters
the Strait along its north shore,

Spring-spawning herving from the generally cold
waters of eastern Newfoundland have higher gill-raker
averages than spring spawners from southcastern New-
foundland where water temperatures are somewhat
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intermediate. The lowest gill-raker averages occur along
Southwest Newfoundland and in the vicinity of the
Mapdalen lslands, generally warm  areas which are
relatively unatfected by the cold waters of the Labrador
Current. The mean number of anal fin rays is also higher
{or castern Newfoundland spring spawners than for
spring spawners from southern Newfoundland and the
Magdalen Islands. Hawke’s Bay spring spawners are
somewhal anomalous in that they are similar in mean
number of gill rakers to southeastern Newfoundland
spring spawners bul are similar to eastern Newfoundland
spring spawners in Lhe mean number of anal fin rays,
Despite the geographic trend in gill-raker and anal fin-ray
averages among spring spawners, no such trend is evident
among autumn spawners. IUis possible that temperature
conditions on the spawning grounds and in the larval
nursery arcas are more uniform throughout the New-
foundland area during the autumn than during the spring
or early summer.

The resulls of the present study utilizing meristic
difierences as indicators of stock heterogeneity compare
favourably with other methods of stock differentiation.
Stock relationships suggested by meristic comparisons
agree in mosl ingtances with those indicated by the level
of inlestation of herring in various areas with the larval
nematode Anisakis (Parsons and Hodder, 19714). Com-
parisons of other biological characteristics of herring
from southwestern Newfoundland, Magdalen Islands,
Banguereau, Canso Bank and Chedabucto Bay (Hodder
and Parsons, 1971, 4, b; Parsons and Hodder, 1971%) and
tagging results (Winters 1970; MS 1971} have shown thal
the winter fishery along southwestern Newfoundland is
largely dependent on herring that are not indigenous to
that area but rather are derived from spring and actumn
spawnings in the southern Gulf of St. Lawrence. This
Southwest Newfoundland-southern Gulf stock complex
apparently does not intermix to any great extent with
herring concenlrations fished in winter by Canadian
vessels in the Chedabuclo Bay-Canso Bank area and by
Furopean vessels on DBanquerecau. The recapture of
herring tagged at Hawke’s Bay in December during the
1970-71 and 1971-72 winter fisheries along Southwest
Newfoundland and f(rom the southern Gulf of St
Lawrence fishery during the summer of 1971, combined
with the lack of meristic differences among Magdalen
Islands, Southwest Newfoundland and Hawkes Bay
autumn spawners, indicates that the autumn-spawning
component of the herring which support the Iawke’s
Bay autumn fishery includes herring which are en route
from the southern Gulf to Southwest Newfoundland
(Winters and Parsons, MS 1972).

Differences in pectoral fin-ray number between
spring-spawning herring from Placentia and St. Mary’s
bays indicate that two discrete spring-spawning stocks
frequent these bays. However, previous evidence,

namely, the migration ol “red” herring which had been
exposed to phosphorus poisoning in Placentia Bay, into
St. Mary’s Bay in the spring of 1969 (Hodder, Parsons,
and Pippy, 1972), suggests that herring in these two bays
intermix during lhe overwinlering and prespawning

period.

The results reported here suggest that the total
herring stock in the Newfoundland area consists ol a
number of essentially discrete units or local stocks which
intermingle Lo a limited extent, if at all. Although
meristic differences appear {0 be useful indicators of
herring stock helerogeneity  in - Newloundland  and
adjacent waters, the existence of significant morpho-
logical differences does not imply thal no intermingling
occurs between two areas but merely indicates that the
samples were not derived from a single completely
mixed stock. No one method is sufficienl Lo completely
delineate the degree of heterogeneity of fish stocks:
conclusions regarding stock inlerrelationships should he
based on a variety of techniques. Although morpho-
logical differences generally show stock heterogeneily
within a broad area, only direct methods, i.e. tagging,
will demonstrale actual intermixing between stocks.
Recent tagging experimenls by the St. John'’s Biological
Station will probably reveal whether intermingling
oceurs between groups considered to be discrete on the
basis of morphological characteristics.
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A Groundfish Survey of Faroe Bank

By B. W. Jonesl and J. G. Pope]

Abstract

A groundfish trawl survey of Faroe Bank was made in June 1971. Faroe Bank is relatively small in area but the
stocks of some of the important species are known to be self-contained. Two replicate surveys, each of 32 stations, were
made, based on a stratified random sampling design. The sampling intensity of the combined surveys was one station per
25 square miles. Thirty-seven fish species were recorded and five of these were subjected to an analysis of variance of catch
weight with depth strata, quadrant and time of day. Catch variation with depth was the most significant and no diurnal
variation was observed. Age determinations were made for sub-samples of cod and haddock. No differences were found
between agelength keys for different quadrants or depth strata and all age determinations were amalgamated before
making length lo age conversions. Coefficients of variation of numbers of cod at each age in the survey were compared
with market samples of North Sea plaice. The aceuracy of research ship surveys is discussed.

Introduction

With increasing interest in the possibility of using
groundfish trawl survevs by research ships as a means of
mohiloring population changes in demersal fish stocks,
the present survey was planned as a feasibility study.
The objective was to assess Lhe likely accuracy of such
surveys, and the appropriate manpower requirements at
sea and in the laboratory. The survey was done in June

1971.

Gears and Methods

The research vessel Cirolana was used. Her
characteristics were: Length — 725m O.A. 625 m
B.P.; Beam — 14.0 m moulded; Tonnage — 2,323 tons
displacement, 1,593 tons G.R.T.; Shaft horsepower —
2,200 (P, = L,641kW),

A Granton trawl was used with Headline
23.8 m, with 60 X .15 m diameter {loats; Groundrope
— 36.6m; Bosom — 6.01m, with 7X0.53m steel
bobbins; Bunts — each 6.1 m, with 3 X 0.53 m and
4 X 0.46 m steel bobbins; Legs — 13.7 m, with [ X 0.46
m steel bobbins; Dan Leno — 0.61 m ball; Bridles — 27 .4
m; Doors ~ Fearnought type 3.35 X 1.533 m, 926 kg;
Distance between wing ends — 15 m (eslamated);
Distance between doors — 34 m (estimated); Average
speed of tow — 3.8 knots; Codend — 120 mm nominal
mesh size, with blinder of 19 mm nominal mesh size.

¥isheries Laboratory, Lowestoft, Suffolk, England.

Area of survey

The Faroe Bank was chosen as the area of survey.
Its arca is approximately 1,600 square nautical miles
extending Lo the 370 m (200 fathom) isobath, Tts small
size made it possible to survey the complete area. The
cod stock on Faroe Bank is known to be a self-conlained
unit (Jones 1966; Jamieson and Jones 1967), and it
seems likely that the same can be said of the haddock.
Faroe Bank is fished by English trawlers, and fishery
statistics are recorded separately for this area.

Experimental design

Faroe Bank was divided into four quadrants (A-)
of approximately equal avea (Fig. 1) and four depth
strata (-4} of (1) <C110m, (2} 110-146 m, (3)
146-183 m, and (4) 183-366 m (corresponding depths in
fathoms: 60, 80, 100, and 200). The whole bank was
covered with a grid of potential stations spaced al 3 mile
intervals, Sampling was arranged in the form of twao
complele replicate surveys, each of 32 stations. For each
survey two stations were randomly preselecled from
each stratum in each quadrant, making eighl stations per
quadrant, The day was divided into four 6-hr. periods,
0000-0600, 0600-1200, 12060-1800, and 1800-2400 hrs,
Each pair of stations was allocated to a specific time
period in the form of a latin square, 50 that each depth
and quadrant was sampled al each division of the day.
Thus, on analysing the results of each survey, it was
possible to consider the significance of the effects of
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Fig. 1. Chart of Faroe Bank showing quadrants, depth strata, the grid of potential stations, and

stations worked on the first and second surveys.

depth. quadrant and time on ecach species. The latin
square

which each depth stratum of cach quadrant was sampled
twice in the period 0600-1800 hrs. and twice in the
period 1800-0600 s, This facilitated an investigation of
the interactions between the various factors. Making two
replicate  surveys also enabled  considerations of re-
pratability 1o be cxamined and allowed the estimation

used in the first survey was chosen at random
from stalistical tahles: it is set oul in Table 1. The lalin
suare used for the sccond survey was derived from that
of the first, by advancing all times by 1200 hrs, This
allowed the lwo survevs to be combined to form one in
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TABLE 1. Latin squares of quadrants, strata, and times used in
the two surveys

Survey 1

Stratum (m)

Quadrant <110 110-146 146-183 183-366

Station No. A 15 16 11 10 12 13 24 17
Time period ) 06-12 18-24 00-06 12-18
Station No, B 5 4 9 3 8 2 7 0
Time period 18-24 12.18 06-12 00-06
Station No, C 21 14 22 23 33 25 19 I8
Time period ’ 00-06 06-12 12-18 18-24.
Station No. D 32 N 27 28 26 34 29 30
Time period 128 00-06 18-24 06-12
Survey 2

Stratum (m)

Quadrant <{110 110-146 146-183 183-366
Stalion No, A 54 56 60 59 62 53 57 58
Time period 18-24 06-12° 128 00.06
Station No. B 68 69 65 66 63 64 71 70
Time period 06-12 00-06 18-24. 12-18
Station No. C 45 52 46 47 48 49 50 51
Time period 1218 18-24 00.06 06-12
Station No. D 41 40 44 36 67 43 39 38
Tite period 00-06 12-18 06-12 18-24

of crude values of the variance of numbers at age. The
relative complexily of this survey design was made
practicable by two factors:

1) the relative compaciness of Faroe Bank, which
enabled steams between almost any pair of
stations to be made in the average interhaul Lime;

2)  1the ability of RV Cirolana and her fishing crew to
work round the clock and to average around eight
stations per day, which made sampling one
quadrant at a time practicable. This method of
working was statistically preferable in case the
survey had to be eurtailed due to bad weather or
other caunses.

Tows were ol | hr, duration wherever possible.

Catch processing

The catch was sorted into species and the tolal
catch of each species was basketed and weighed, using a
hanging spring balance of 100 kg capacity or of lesser
capaeity if the quantity was small, Lengths of all fish of
every species were measured unless the catch was
sufficiently large for it to be sub-sampled. Otoliths were
taken from cod, haddock and lemon sole. Otolith
samples were stratiflied in 5 em length groups and a
maximum of 10 otoliths per tength group were taken in
cach sample. Fight otolith samples - one from each
quadrant (first survey) and one from each stralum
(second survey) — were laken for each species. One
otolith was taken from each fish and the otoliths were
stored in tubes, one tube for each 5 em group of cach
sample. Fish which were otolithed, were individually
weighed: Lhe stomach conlents were al:o weighed and
Lthe stage of digestion and main {vod orgunisms recorded.

Data recording

In the event of groundfish surveys becoming a
regular commitment, it would be essential for the data
to be computer analysed. It was considered thal the
development ol special computer programs for analysis
of this inilial survey could not be justified. Nevertheless
it was desirable thal recording forms should be designed
in a format that could be used directly as documents for
computer punching and that these recording forms could
be given field trials on the present survey. Two such
formns were designed, one to record the catch data and
the other 1o record lengih composition data. An existing
form was available ax a station log-sheet.

Hydrography

At the hauling position of each trawl siation a
bathythermograph lowering was made wilth a Nansen
bottle for bottom temperature and salinity. Surface
temperature was recorded conlinuously on the ship’s

thermograph.

Resulis

In general there were few problems due to the
bottom being unsuitable for trawling. On a few stations
it was necessary to move slightly from the predeter-
mined position to avoid obvious hazards. Very little
trawl damage was sustained although Lhe trawl came fasl
on a few occastons. On some of these hauls the duration
ol tow was considered adequate to give a reasonable
sample, otherwise the tow was repeated.

As far as was possible, the stations of each survey
were completed quadrant by quadranl, and within cach
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quadrant the sequence of stalions was determined by the
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TABLE 4. Weight of catch (kg} of the main species at each station, Survey 2.

Station
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[it}]
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O

30060 62 HY

58

49

18

47

16

3B 39 40 41 43

36

Specics
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6d 65

44 45

30

15 189
13
196 136

202

16
14
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107 399

17

28 152

28

7
13

144

™

19

7

63

26

30

49 268

40

% 187 153

44

91

51
275

90

27

3

33 137

25 144

56

20
47
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24

2

G 10
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7 208 215
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7

014

334 110 172 103 102 340 344 138 137 |

5

22

116 160 175
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TABLE 5. Stations where catches of the less important species
were recorded.

Species Stations recorded
Poor Cod 21, 31, 40, 44, 46, 34, 65, 68
Blue Ling 19, 38, 39, 50, 51, 58, 70

Greater Fork-beard

Catfish
Spotted Catfish
Dab

Long Rough Dab 10,11, 12, 16, 18, 24, 26, 20, 34, 48, 50,
53,57, 60,602, 64, 67, 69, 70, 71
Plaice 3z
Sandeel 5, 60
Gurnard 10, 13, 22, 23, 25, 26, 27, 28, 32, 34, 36,
41, 43, 46, 48, 52, 59, 63, 66, 67, 69
Dragonet 20, 48, 62, 69
Triglops sp. 27,56, 65
Lycenchelys 19, 39, 57
Black-moulhed
Dogfish 7,13,17,18,19, 24, 39, 51, 57, 58
Velvet Belly 18,19, 39,51, 57,58
Centrophorus
Squamasus 19,57
Skate 27, 45, 59, 62
Shagreen Ray 60, 62
Cuckoo Ray 13
Thomback Ray 9, 45, 54
Sandy Ray 34, 50, 54
Lamprey 37

7,18, 19, 24, 39, 51, 57, 58
10, 32, 40, 49, 50
4,21

4, 13,16, 26, 27, 28, 36, 41, 43, 44, 47,

48, 49, 56, 60, 64, 66, 08, 70

Depth (m)

Catch composition

Thirty-seven fish species were recorded during the
survey and these are listed in Table 2. The weight (kg) of
fish caught al each station is tabulated f{or the main
species in Tablez 3 and 4. The stations at which the
remaining species were caught are listed in Table 5.

For many species, distribution was related to
depth. Maximum catch-rates of cod and haddock were
taken in the depth range 100-150 m, but saithe had a
wider depth distribution. Chimaera, blue whiting, and
greater silver smelt, on the olher hand, were associated
with the deeper water around the edge of the hank.

Statistical analysis

The significance of differences hetween strata
mean weights of catch were investigaled for the two
surveys, using an analysis of variance. Species inves-
tigated by this technique were cod, haddock, saithe,
common ling, and halibut. Tables 6-10 show the results
of the analyses. To obtain approximately homoscedastic
variables the transformation loge (W + 1) was applied to
the weight (kg) of catch from each haul (W) Cod
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showed  significant  differences between  depths and
between quadrants, being seldom eaught below 183 m in
amy quantity and the greatest calches being laken in
quaddrant 1), Haddock showed a similar distribution, with
similarly significant results for depth. None of the other
spevies showed  any cansistently  significant  resulls,
although ling did show signilicantly greater weights of
cateh with increasing depth in the lirst survey.

The importanl poinl aboul these investigalions is
that the results found at Faroe Bank will help in the
destgn of Tuture surveys. It is particularly interesting that
in no case did the catches vary with the time of the haul.

TABLF 6. Analysis of variance: Cod.

TABLE 8. Analysis of variance: Saithe.

Degrees of  Sum of  Mean F Signif-
Cause freedom squares  squarcs  ratios  icance
Est Survey
Quadrants 3 7.8 2.6 21
Depths 3 5.9 2.0 1.6
Times 3 0.2 0.1 0.1
Errors 22 27.7 1.3
2nd Survey
Quadrants 3 2.8 1.0 L5
Depths 3 1.7 0.6 0.9
Times 3 [l 0.4 0.6
Frrors 22 14,0 0.6

TABLE 9. Analysis of variance: Common Ling.

Degrees of  Sum of Mean ¥ Signif- Degrees of  Sum of Mean I Signif-
Cause freedom squares  squares  ratios  icance Cause freedem squares  squares  ratios  icance
1st Survey sl Survey
Quadrants 3 8.4 28 3.6 * Quadrants 3 12,3 4.1 2.7
Depths 3 95.8 31.9 40.9 K Depths 3 20,5 6.8 4.4 *
Times 3 2.0 0.9 1.1 Times 3 8.1 2.7 I.7
Errors 22 17.2 0.8 Errors 22 34.1 1.6
2nd Survey 2nd Survey
Quadrants 3 16.3 5.4 4.3 ® Quadrants 3 8.0 2.7 1.7
Depths 3 81.6 27.2 216 e Depths 3 14.1 4.7 3.0
Times 3 7.7 2.6 2.0 Times 3 4.9 1.4 0.9
Errors 22 27.7 1.3 Errors 22 34.3 1.6
Levels of significance: ® 5%; ** 1%: #*% 0.1%. (This footnote
also applies to Tables 7-10 inclusive.)
‘TABLE 7. Analysis of variance: Haddock. TABLE 10. Analysis of variance: Halibut.
Degrees of  Sumof  Mean F Signif- Degrees of  Sumof  Mean F Signif-
Cause freedom squares  squares  ralios  icance {ause freedom squares  squares  ratios  icance
Ist Survey 1st Survey
Quadrants 3 6.8 2.3 3.5 * Quadrants 3 3.3 1.1 1.1
Depths 3 48.4 16.1 25,0 fad Depths 3 0.3 0.1 0.1
Times 3 5.0 1.7 2.6 Times 3 6.8 2.3 22
Errors 22 14.2 0.6 Errors 22 22.6 1.0
2nd Survey 2nd Survey
Quadrants 3 6.2 2.1 2.0 Quadrants 3 0.2 0.1 0.0
Depths 3 25.7 8.6 8.5 EX Depths 3 5.0 1.9 .3
Times 3 1.9 0.6 0.6 Times 3 1.1 0.4 0.3
Errors 22 222 1.0 Errors 22 327 1.5
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Henee results can be grossed up withoul any weiglhting
being made for diurnal variations. This result is perhaps
not surprising, since at Faroe Bank at the time of the
survey the night is extremely short. I{ this is the reason
lor the lack of diurnal variation then it suggests that
midsummer would be a suilable lime for groundfish
surveys in high latitude regions,

Accuracy of age data

For cod and haddock the otolith samples were
aged and the length compositions converted to age

TABLE 11. Age compositions of cod, Numbers per 100 hrs fishing.

compositions, Agelength keys for different quadrants
and strala were compared bul no differences were
observed. The age-length kevs were therefore amalga-
mated hefore being applied to cach length composition.
The resultant age compositions are given in Tables 11
and 12

The variance of numbers at age has been obtained
for cod from considerations of the within strata
haul-to-haul variance of the length composition and the
varigbility ol the age-length key, The coefficients of
variation of the number of cod al each age are given in
Table [3(a). For purposes ol comparison ol the aceuracy

Numbers per 100 hrs fishing

Mean Quadrant Stratum Survey
Age- length
group {cm) A B C D 2 3 ! 1 2 Total
1 203 13 63 31 288 106 288 : - 134 63 08
2 516 250 319 150 288 404 413 100 222 281 252
3 75.0 64 124 270 273 464 180 75 13 165 200 182
4 86.8 202 435 234 416 632 357 200 0 331 312 322
5 93.8 21 68 30 53 78 64 35 - 45 45 45
6 102.1 8 33 9 36 49 32 15 - 22 26 24,
7 103.0 19 68 36 63 90 60 33 - 4] 31 46
8 107.6 13 38 20 25 44 35 16 — 19 24 24
9 108.9 29 40 33 29 78 34 20 - 30 36 33
i0 107.1 7 22 14 15 26 23 9 6 12 18 15
11 11L.3 10 13 12 8 29 10 7 — 10 12 11
12 112.5 1 2 3 1 2 1 0 — 1 2 2
13 117.5 5 2 5 - 8 2 1 — 3 3 3
TABLE 12. Age compositions of haddock. Numbers per 104 hrs fishing.
Numbers per 100 hrs fishing
Mean Quadrant Stratum Survey
Age- length
group {(em) A B C D 2 3 4 | 2 Total
] 19.2 10,069 5,712 7,981 8,246 3,398 18,839 8.388 1,384 7825 8,179 8,002
2 29.6 882 689 637 1,075 1,437 1,351 416 79 940 701 821
3 43.2 1.764 1,640 1,314 2,747 3,759 2,782 869 57 2,305 1,428 1,867
4 53.1 382 329 623 774 579 840 518 171 588 466 527
5 587.7 126 88 182 160 187 185 139 43 [49 129 139
H 68.6 28 26 28 32 38 74 17 4 43 23 33
7 66.5 18 13 20 27 22 37 16 5 23 16 20
8 7011 26 17 15 1 32 56 1o 1 34 I5 25
9 72.9 23 16 10 39 26 534 8 1 32 13 22
10 719 6 1 2 o 7 6 1 5 2 4
i — - - - - — - - 0 0 0
12 825 2 - - 2 2 2 — - 2 0 1
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TABLE 3. Accuracy of age-length dala.

{a) Faroe Bank Cod

Age {years)

1 2 3 4 5 6 7 8 9 10 11 12 13
Number from
survey 603 i61 118 205 28 17 30 15 21 9 8 1 l
Coefficient of
variation (%) 22 11 18 11 33 44 29 42 35 36 62 150 L03

(b) North Sea Plaice (Lowestoft market samples in January and February 1950)

Age (years)
1 2 3 4 5 6 7 8 9 10 il 12+ 13
Number X 107 215 1114 1870 689 321 153 172 127 70 52 88
Coetficient of
variation (%) 18.3 8.2 6.1 9.6 14.2 19.3 12.7 20.0 27.7 333 19.3

of research vessel survey data with market samples, the
coelficients of variation of North Sea plaice for
Lowestoft market samples in January and February

1950 (Gulland 1933) are also given in Table 13(b).
Comparison with Georges Bank survey

l'able 14{a) shows results for one of the surveys,
set out together with similar data from Georges Bank

(Grosslein 1971). The variances from Faroe Bank arc
broadly similar to those [rom Georges Bank, bearing in
mind that the Faroe units are kg per hour haul, whereas
those for Georges Bank are b per 30 min haul.

The intensity of sampling on Faroe Bank was
approximately one station per 30 sq miles on each
survey. This compares with approximately one station
per 300 sq miles on the Georges Bank surveys.
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TABLE 14. Results for one of the surveys with similar dats from Georges Bank (Grosslein, 1971).

(a) Mean transformed catch per haul [log, (kg +1)] and variance estimates from second survey at Faroe Bank

Coefficient 95%
Standard of variation confidence

Species Mean VYariance deviation (%) limits
Cod 2,77 0.0393 0.1982 7 2.37-3.17
Haddeck 291 0.0315 01775 6 2.55-3.27
Saithe 4.63 0.0394 0.1985 4 4.23-5.03
Ling 1.46 0.0487 0.2207 13 1.02-1.90
Halibui 1.11 0.0465 0.2156 19 (1.68-1.54

(b) Stratified mean catch per haul (1b log, scale) for haddock and cod on Georges Bank (41batross IV autumn surveys,
strata 13-25) Grosslein, 1971,

Coefficient 95%
Standard of variation confidence
Cruise Mean Variance deviation (%) limits
Haddock
603- 7 3.34 0.052176 0.2284 7 2,88-3.80
64-13 3.86 0.080315 0.2834 7 3.29.4.43
65-14 4,02 0.042355 0.2058 5 3.61-4.43
66-14 243 0.044512 0.2110 9 2.01-2.85
67-21 2.45 0.052075 0.2282 9 1.99.2.91
68-17 1.15 0.029587 0.1720 15 0.81-1.49
69-11 1.10 6021536 0.1467 13 0.81-1.39
70- 6 1.35 0.0345 0.1857 14 0.98-1.72
Cod
63. 7 1.75 0.084829 0.2912 17 1.17-2.33
64-13 1.29 0.056270 0.2372 18 0.82-1.76
65-14. 1.32 0.041737 0.2043 15 (0.91-1.73
66-14 1.20 0.040673 0.2017 17 0.80.1.60
67-21 1.74 0.047301 0.2175 12 1.30-2.18
68-17 1.04 0.031888 0.1786 17 0.68-1.40
69-11 1.32 0.025381 0.1593 12 1.00-1.64
70- 6 1.35 (.0332 0.1822 13 0.99.1.71
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Assessment of American Plaice Stocks on the Grand Bank,
ICNAF Divisions 3L and 3N

By T. K. Pitt!

Abstract

Caleulations of natural mortality by various methods indicated that values of 0,25 for males and 0,20 for females
were appropriate, Assessment of the Grand Bank stocks suggested thal the optimal level of fishing in ICNAT Division 31,
was reached in 1967 (F = 0.55 males and 0.46 females) with landings at 37.5 thousand tons, For TCNAF Division 3N
optimal levels were at F = (.40 (males) and 0,50 (iemales) producing about 15,000-20,000 tons, [t was suggested that
landings should not exceed 40,000 and 20,000 tons for Divisions 3L and 3N respectively,

Introduction

The purposc ol this paper is to present an
assessment of the commereially exploited American
plaice stocks on the Grand Bank and thus provide
informatien for the rational management of Lhis fishery.
A major portion of this paper is devoled to estimations
of natural mortality, a vital but often controversial
parameter required in stock assessment,

The main fishery for American plaice, Hippogloss-
oides  platessoides, in [CNAF Subarea 3 occurs in
Divisions 3L and 3N and began in the tate 1940°s with
the introduction of the otter trawler, The fishery has
remained mainly Canadian, but in Div. 3N, European
trawlers, principally those of the USSR and Poland have
gradually increased their share of the catch since 1965 so
that by 1968 they were taking about 50% of the total
(Fig. 1). In recent years plaice have hecome the major
species sought by the Newfoundland otler trawler fleet.

In preparing the assessment of Grand Bank plaice,
certain difficulties were encountered becanse of the
frequent inadequacy of the sampling of the commercial
fishery for age determinations. The only age-length keys
and lenglh measurements available were those based on
otolith samples collected at the St. John's Biological
Station. Sometimes research  data were used when
commercial data were lacking or inadequate. Another
difficulty was the lack of information on discards which
probably resulted in an undercstimation of the numbers
caught at the lower ages included in the commercial
landings. In this respect no information was available on
calches of plaice by draggers fishing cod primarily for

salting; obviously there must have been a fair amount of
discards in these operations. However, the besl available
data have been utilized in this assessment which gives an
indication of the status of the plaice fishery on the

Grand Bank.
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Fig. 1. Landings of American plaice in (A) ICNAF Division 3L
and (B) ICNAF Division 3N,

! Fisheries Research Board of Canada, Biological Station, St. John's, Newfoundland.
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Materials and Methods

Calculation of numbers caught

Prior to 1970 the USSR and most other European
countries reported Lhe Aqr flatfish landings merely as
“unspecified flounder”, At the 1971 Annual Meeling of
ICNATF, however, the l,hSR presented a br(.dl\(ldwn of
their 1970 flounder landings indicating that in Div. 3N,
plaice represented about 47% of the total flounder
landings. It was also indicated that this was Lhe
approximate proportions in previous years in the latter
division. So it was on this basis that the quanlltv of
plaice included in the “unspecified flounder” was
estimated. Dhvision 3L landings were primarily by
Canada.

Calculation of effort and catch-per-unit-effort

The calculation of fishing effort was hased on the
nominal catch-per-unit-effort of plaice by Canada (N)
stern trawlers (501-900 tons) (Fig. 2). Since the decline
of the haddock fishery in the early 1960’ most of
Canada (N) effort in Divs. 31, and 3N between 75 and
200 m has been confined to plaice, vellowlail, and cod.
[n calendating the catech per hour for Canada (N) from
which lotal effort was estimaled, all tows containing
plaice in sufficient npumbers to be recorded as a
commercial calch on the vessels” log sheet were used.
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Catches per hour where plaice accounted for more than
50% of the catch were also caleulated (Fig. 2).
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Fig. 2. Plaice landings per hour by Canada (N) fleet in Canada
(N) stern trawler units,
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Fig. 3. Growth curves of male and female American plaice from ICNAF Divisions 3L and 3N,
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Separation of stocks

Plaice from Divs. 3. and 3N were Lreated as
separate stocks. Tagging indicated that on the Grand
Bank, plaice are relatively sedentary (Pitt, 1969) with
minimal migrations noted between the northern and

T T TT I I T T T I T A A T AT T T T T T T T T T 777771
2000 1~ MALE ICNAF DIVISION 3L FEMALE -

NUMBEAS CAUGHT (x10™%)

4 6 8 10 12 14 /6 18 20 4 & B 10 12 14 I8 1B 20 22 24
AQE {YEARS)

Fig. 4. Numbers of male and female plaice caught in ICNAF
Division 3L.

southern parts of the Bank. Thus very few plaice tagged
on the eastern slope just north of 16°N (3L) were
recovered as far south as 45°30'N (3N), Similarly of the
plaice tagged at 45°N, only a minor number were
recaptured north of 46°N (31.).

Another reason for separating Grand Bank plaice
inte two main stocks was the difference in the growth
pattern (¥ig. 3). Plaice from Div. 31. were consistently
smaller at comparable ages than those from Div. 3N and
also fewer of the older age-groups were caught in 3N,

Although Divs. 3l and 3N were dealt with
separately, there is a strong possibility that 3N depends
on 3L for recruitment probably as pelagic larvae.
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Fig. 5. Numbers of male and female plaice caught in TCNAT
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Vertebral numbers (Pitt, 1963) gave no significant
difference between north and south bank areas. Pre-
liminary resulls from biochemical research being con-
ducted at the St. John's Station indicated no significant
genetic differences between the two TCNAFE divisions.
Since the adults apparently migrate very little, the
intermixing of the areas probably occurs during the
larval period.

Separation of males and females

From the beginning, Lhe necessity of separating
males and females appeared evident since each produced
parameters that were quite different. Growth curves
(Fig. 3) indicated that the males were smaller at
corresponding ages from about age 7 or 8. Females

LSS I AL L I SR L S 00 A0 AL L A O 0 L L L A B
RESEARCH 3N, 1970
1001~ JUNE -

50—

Qb—

COMMERCIAL 3N, 1370

3¢ 1= andouaRTER

JUNE

P
50 NP NP -

[+ — e —

! COMMERCIAL 3L, t970

'— 4MouarTER
150~

200

100 -
50 i

o .

zoof 39 QuarTER

150

100 -

501~
a

s0b 2™ QUARTER

100G +—

NUMBER AT EACH LENGTH GROUP PER THOUSAND FISH MEASURED

-
50& —
O
!
200~ ¥ QUARTER N
150 —
100 — —
50 N B
0 ‘\"-
I 1 1 PR (TN AN N0 VO AU A W WO T RN OO VN ST A B BN B O A

[
8 12 6 20 24 28 32 36 40 44 48 52 S8 G0 64 €8 T2
LENGTH 2 CM GROUPS

Fig. 6. Length frequencies of 1970 commercial and research
plaice. Division 31, commercial data by quarter with 2nd
quarter rescarch data for comparison. Division 3N 2nd
quarter commercial and research data only are available

{males — solid lines, females — broken lines).

generally live longer than the males; very few 20-year-old
males were enconntered whereas females up to age 30
were sometimes encountered (Figs. 4 and 5). The 50%
maturity point of males is at age 7 (about 25 em) in Div.
3L and age 5 (about 27 em) in Div. 3N, whereas for
females it is 14 vears (43 em) and 12 years (50 cm) in
3L and 3N respectively (Pitt, 1966). The commercial
the lower size ranges which produced higher values of F
at younger age-groups than for the females bul Lhe
explanation for this is not fortheoming at present. Some
commercial and research figures are shown to illustrate

this (Fig. 6).

Calculation of fishing mortality

The virtual population method developed by Fry
(1949, 1957} and modified by Gulland {1965) can be
used to eslimate F values only for year-classes that have
passed completely through the fishery: hence recent
annual values of F cannot be obtained. Jones (1961,
1968) described a method of calculating F using the
actual catches of successive ages of a year-class hased on
Baranov’s (1918) cateh equation. The method in a more
convenient form was similar to that described by Ricker
(1948). The method of calculation and a comparison of
Jones’ melhod with that of Gulland™s (1905) virtual
population method was described in detail by Schu-
macher (1970) and his procedure for utilizing the annual
catches of successive ages to compute values of I was
used here (Tables 1-4). The method requires eslimates of
natural mortality (M) and the rate of exploitalion,

Zn {l-e 'Z"), at the older age-group.

n

The estimation of M is described in a later section,
For the exploitation rate, a {ew Lrial values for some of
the older age-groups suggested a value for F of 015
giving exploitation rates of 0.324 and 0.331 for males
and females respectively.

Because of the absence of male plaice beyond age
14 in the 1970 commercial catches, estimates of F for
1968 {or fully recruited males in Div. 3L (Table 5) were
derived from calculated stock size at the beginning of
1668 and the cateh in 1968, This method was alzo used
to get estimates of I for 1969 and 1970 for the fullv
recruited age-groups (Table 5).

Calculation of yield per recruit

Yield per recruit curves using the partial recruit-
ment values of Tables 1 Lo 4 were calculated for the
males and females for holh areas on the basis of 500,000
recruits cach of males and females al age 3. The yield
curves were then combined 1o give an average vield per
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TABLE 1. Estimates of fishing mortality of male plaice, ICNAF Division 3L.

67

% from fully

Year recruited
Age age-groups
(years) 1935 1936 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 (1965-68)
7 0.001 0.001<0.60L 0.002 0002 0008 0.004 0004 0008 0.004 0012 0014 0014 0.002 2
8 0.006 0001 0.006 0004 0.008 0.018 0.018 0014 0.016 0008 0034 0.040 0020 .05 8
9 0.006 0003 0002 0.014 0.014 0022 0040 0020 0016 013 006 007 008 0.06 14
10 0,010 0016 0008 0032 0.032 0030 008 005 006 21 016 007 029 022 38
11 0.030 0030 0016 005 0.05 008 007 010 012 023 022 018 044 027 55
12 014 011 0030 010 010 018 008 007 026 033 029 024 060 097 109
13 010 018 010 009 009 027 034 019 033 034 047 058 046 1202 100
14 013 0.0 034 039 039 01!5 039 0338 030 036 055 040 068 0.672 100
15 0.24 020 004 043 043 025 020 074 052 065 038 0,864 100
16 018 020 015 ¢4 044 038 025 018 0.44
Average
716 009 G038 005 012 014 014 015 018 022 024 024 024 (32 (.48
Average
12-16 015 016 06.40 021 629 025 025 031 040 042 042 041 055 0924
aCalculated from stock and catch,
TABLE 2. Estimates of fishing mortality of female plaice, ICNAF Divison 3L.
% from fully
Year recruited
Age age-groups
(years) 1955 1956 1957 1938 14959 1960 1961 1962 1963 1964 1965 1966 1967 1968 (1965-68)
8 0.001 (001 0002 00062 0002 0.002 0061 0006 0002 0.006 0004 0.002 0.006 0.001 2
9 0.002 0.004 0001 0005 0004 0004 0016 0002 0.004 0016 0.01C 0.004 0006 0018 5
10 0.004 0.018 0.004 0002 0.006 0.022 0016 012 0006 006 0032 0014 0.020 0.016 10
11 0.014 0.016 0012 0022 3010 0.032 0026 0016 0018 0.07 0030 0020 007 0.04 28
12 0.04 0032 00J8 0028 008 005 006 0036 005 012 007 005 010 0.21 34,
13 005 005 006 006 006 013 008 006 011 006 015 010 015 0.2 50
14 008 0.04 0018 016 008 013 014 ¢12 015 012 016 017 023 020 68
15 005 008 009 008 013 012 011 020 012 012 020 024 033 025 100
16 013 o0le 012 012 017 019 016 015 0318 018 035 0238 030 0.30 100
17 011 o015 011 022 014 026 019 021 028 028 020 035 051 049 100
18 012 024 027 025 031 033 035 043 020 020 032 030 069 069 100
19 0.19 0l6 042 032 034 029 021 037 027 027 018 037 047 034 100
20 013 024 031 033 038 026 041 039 035 035 076 020 038 072 100
Average
820 007 009 011 012 013 013 014 015 014 015 018 016 025 028
Average
13-20 014 019 025 025 027 023 026 030 027 027 035 030 047 050
Fishing
effort 7.3 8.4 86 102 175 184 138 162 180 260 280 235 516 632
(thousands

of hours)
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TABLE 3. Estimates of fishing mortality of male plaice, ICNAF Division 3N (M = 0.25).

% from fuily

Year recruited

Age age-groups
(vears) 1956 1057 1958 1950 1960 1961 1962 1963 1964 1965 1966 1967 1968  (1965-08)

3

6 0.006 0.002 0006 0.010 0.006 0002 0002 0004 005 0038 0.034 0018 0.002 5

7 0.020 00124 0022 0.0!12 0032 0010 0007 0032 009 016 010 007 005 26

8 0.06 006 007 0040 005 007 0016 0022 008 023 037 017 008 53

9 010 018 019 613 @13 007 008 004 009 023 020 039 029 74
1¢ 012 633 021 028 020 014 006 017 024 018 033 0438 060 100
11 007 016 034 033 030 0J8 014 017 017 034 026 021 058 100
12 006 016 019 030 037 017 016 028 014 031 039 041 037 100
13 015 017 031 023 031 029 022 032 033 021 059 1502 100
14 01% 030 029 039 036 017 036 054 036 052 050 075 100

Average
614 009 ¢13 016 0J5 019 012 011 019 015 022 030 027 028

Average

1014 012 018 027 030 030 039 019 029 025 031 045 046 052

iNot used in averages.

TABLE 4. Estimates of fishing mortality of female plaice, ICNAF Division 3N (M = 0.20).

% from fully

Year recruiled

Age age-groups
(vears) 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 (1965-68)

6 0.004 0.002<0.001 0002 0,010 0010 0.030 0030 0.010 0001 4
7 0.002 0,006 0.012 0.004 0014 0006 0004 0021 005 011 006 0.034 0006 13.0
8 0016 0.018 0.026 0014 0020 0016 0.012 0014 005 014 G155 004 004 22.0
9 .028 0.018 0041 0039 0.024 005 0020 0.026 006 014 0148 003 007 30.0
L0 0.05 008 0041 0034 005 005 0020 005 012 016 015 009 016 35.0
il 004 012 0.07 007 006 008 004 005 021 016 023 020 012 45.0
12 0.10 010 013 010 008 005 006 006 010 028 030 025 030 70.0

13 004 (12 011 015 024 005 005 009 005 041 041 033 047 100
14 009 006 018 011 015 030 014 009 009 034 023 031 040 100
15 0.20 012 007 017 012 019 025 022 021 033 031 026 030 109

16 003 022 016 008 020 021 021 036 02 028 042 096 053 100

17 018 011 032 017 008 025 012 028 043 021 028 066 0.60 100

18 008 018 009 036 018 008 033 040 029 036 033 100
Average

6-18 006 030 011 011 00¢ 010 010 013 016 024 024 027 026

Average
13-18 030 014 015 037 015 018 018 024 023 032 033 050 046

Fishing

effort 3.0 3.5 8.3 6.0 4.4 5.3 79 109 191 3.0 424 307 31T
(thousands
of hours)
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TABLE 5, Estimates of F for 1969 and 1970 from regressions
of F on effort (Figs. 17 and 18) and from stock size
and catch data.

Mean value of F
1969 1970
Caleudated Calculated
ICNAF From from stock  From  from stock
Diiv, Sex line sized line sized
3L M 1.0 0.89 0.93 0.65
3L F 0.67 0.55 0.65 0.48
3N M 0.43 0.45 0.59 0.50
3N F 0.38 0.36 0.57 0.48

ACalculated from stock and catch in 1968,

recruit (Fig. 7). The weights of fish used in calculating
yield per recruit were average weights calculated from
1967 to 1968 commercial age-length curves.

Yield per recruit at varions values of F for fully
recruiled age-groups for males, females, and combined
male and female are presented for both divisions as well
as the average vield curve for combined male and female
showing percent of maximum yield (Fig. 8). The optimal
fishing levels were calculated in the method suggested by
Gulland (1972).

Estimation of stock size

Stock size was calculated for age 10 and over from
Div. 3L and for age 8 and over from Div. 3N. Males and
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Fig. 7. Yield per recruit with partial recruitment as shown in
Tables 1-4 from ICNAF Divisions 3L and 3N.

females were calculated separately and combined for
presentation here to give some indication of total stock

size (Tables 7 and 8).
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Fig. 8. Yield curves showing percentage of maximum vield for
the combined male and female caleulations (Fig. 7) for
Divisions 3L and 3N with arrows above the curve
indicating ealculated F values for males and below for

females. Optimal fishing level indicated at the bases.

Estimates of Natural Mortality Coefficients

Huntsman (1918) estimated the total mortality
rate for male and female plaice combined from an
unexploited population in the Gulf of St. Lawrence Lo
be }2.5% per annum using the Jackson (1939) method
(Z = 0.14). When these data were used 1o fit a catch
curve, however, Z was calculated at 0.21 for ages Y to 22
and 0.18 for ages 9 to 24 (Fig. 9). Powles (1969) for the
same area with samples collected at the beginning of the
otter trawler fishery cstimated Z at 0.13 by the Jackson
method. However, using a modification of this method
by Robson and Chapman (1961) he oblained a value of
0.26 £ 0.092. A line fitted Lo Powles’ data (Fig. 9) gave a
total instantaneous mortality coefficient of 0.29 for ages
10 to 19 and 0.26 for ages 9 Lo 19. From tagging data
and using a method developed by Paloheimo {1958),
Powles (1969) calculated M at 0.11 to 0.16 (sexes

combined), which he used in his assessment.

Growth curves (Pitt, 1967) produce different
parameters for the two sexes; also as previously shown a
study of catch curves seemed o indicate that the total
instantaneous mortality rates were probably dissimilar,
For the males, fish over 20 years of age rarely oceurred,
whereas for the females, fish of 25 years or older were
frequently encountered. Separale estimates of natural
mortality for the males and females were thercfore
considered necessary.
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Fig. 9. Total mortality estimates from unexploited stocks for the Gulf of St. Lawrence (Huntsman, 1918; and
Powles, 1969).

Estimates of natural mortality from age composition of

unexploited populations

The relatively small population in St. Mary’s Bay
on the Southcast Coast of Newfoundiand was unex-
plotted at least until the mid-1960%. Tagging data
indicated that this population was discrete and hence
not affeeted by exploitation of plaice on the Grand
Bank. Hamilton Inlet Bank (ICNAF Div. 2]} also
supportz a small plaice population that is apparently
discrete from the Grand Bank. Although there is no
fishery for plaice in Lhis area, plaice sometimes, at least

oceupy the same niche as cod, and some are removed by

the cod fishery. However, prior lo 1960 the fishing

producing less than 40,000 tens of cod annually in
1954-60 (May, 1967). Thus up to 1959 fishing mortality

of plaice was probably minimal.

The catch curves from research samples from these

two arcas, St. Mary’s Bay, 1957-60 (Fig. 10) and

Hamilton Inlet Bank (Div. 2]), 1957-59 (Fig. 11) gave

estimates of total instantancous mortality as {ollows

St. Mary’s Bay Males = (.27
— Females = 018

Hamilton Inlet Bank - Males = 0.30
— Females = (.22

intensity in Lhis area was much less than in recent years
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Fig. 10. Catch curves of unexploited stock, St. Mary’s Bay, Newfoundland, with estimales of total mortality
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Fig. 11, Catch curves from research vessel samples, ICNAYF Division 2f, and estimates of total mortality.

For the lalter area some fishing mortality may be
included, but it was probably less than 0.05.

Estimates of M from catch and eifort data (Division 3L
and 3N)

The Beverton and Holt (1957) iterative method
was applied Lo 14-, 15- and 16-year-old males and 17-,
18- and 19-year-old females from [CNAF Divisions 3L
and 3N using the procedure described by Ricker (1958).
Instantaneous natural mortality estimates of .27 (Div.
31.) and 0.56 (Div. 3N} for males and 0.23 (3Ly and 0.16
{3N) for females were calculated (Fig. 12). The high
value for 3N males ((1.50) and poor correlation of the
data (r = 0.208) was apparently caused by the
unrealistically low survival rates caleulated for the early
years of the fishery. The only explanation that can be
given for these is the possible inadequacy of the
sampling during this period. By editing lhe data
drastically as shown in Fig. 12 the valie of M was

reduced to (.22 (r = 0.756).

In Fig. 12 the estimates of M using Paloheimo’s
(1961) linear formula are also shown, This method
involves the plotting of Z for the age-group against
Yo (f, + fr 11 ) instead of £, (f,, = eflort in yearn) as in
the previous method. Values of M were similar to those
calculated from the more laborious interative method;
0.22 (Div. 3L) and 0.53 (Div. 3N) for males, and 0.23
(3L) and 018 (3N) for females (Fig. 3). Again
elimination of the early values for the Div. 3N males
gave a lower value for M, 0.17 and an improvement in
the correlation coefficient from 0.332 to 0.855.

The final method (Figs. 13 and 14 used was a plot
of total instantaneous mortalily coefficients obtained
from calch curves of a number of year-classes (Figs. 15
and 16) against the mean effective effort calculated by
method of Paloheimo (1961) as indicated shove, but in
this case a mean value for the span of vears used was
catculated, i.c.

r—1
2 yz (fn +fn + ])
1 _n=1|
f i
where f!' = mean effective cffort and r = number of

age-groups mcluded.

Values for M were (males} 0.24 and 0.3Y,
(females) 0.23 and 0.21 for Divs. 3L and 3N re-
spectively. Since basically the same data were used as in
the previous methods the value for Div. 3N males was
again relatively high.

The various estimates are summarized in Table 6.
Except for the high values for Div. 3N males estimales of
natural moriality for male plaice tend to be abont (.25,
For females a lower value of 0.20 would appear to be
reasonable, However, for all the methods where 7 is
plotted against efforl the standard crrors of the estimate
of M are relatively high. The high values calculated for
Div. 3N males do not seem to he realistic, so that for
purposes of stock assessment, values of 0.25 for males

and 0.20 for females for both TCNAY divisions are
appropriate.
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Fig. 12, Estimales of M by {a) the Beverton and Helt (1957)
iterative method and (b) Paloheimo’s (1961) linear
formula.

Assessment of the Stocks
Fishing mortality and yield per recruit curves

Generally speaking, estimates of F at corre-
sponding ages were higher {or the males than for the
females (Tables 1-4), This can perhaps be attributed to
the apparent grealer vulnerability of males at smaller
sizes and earlier ages than the females.

The regression of the average value of F for all
age-groups and lor those fully recruited on the annual
fishing effort (Iigs. 17 andd 18} gave highly significant
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TABLE 6. Summary
American

of estimates of nalural mortality of
plaice.

Division 3N

Division 3I.

Mecthod Male Female Wale TFemale
Beverton and Holt 0.27 023 022 0106
Paloheimo linear formula 0,22 023 017 018
7 from vear-classes 025 023 039 021
Average 023 0206 018

0.25

Tolal inslantancous morlality {rom catch curves
stocks

of uncxploited

St, Mary’s Bay — Males - 027
— Females = 0.18
Hamilton Inlet Bank  — Males = 0.30
— Females = .22

correlations. However, for each plot of total average F
positive intercepts were produced. Since only one type
of gear was used to fish plajee and also since plaice
probably do not have marked seasonal distributional
patterns, it was felt that the caleulation of effort was
probably a good measure of fishing intensity. The values
of F ealeulated for the early years appeared Lo be too
high in proportion to the level of fishing effort. 11 was
also possible that cffort was underestimated in those
carly years. Another possible reason why the regression
fine did not puss through the origin was that M was too
low. However, M would have to be increased drastically

[CNAF RESEARCH BULLETIN NUMBER 10, 1973

Lo produce an appreciable lowering in the values of F.
Standard errors of the estimates were all abont 0.04.

The estimates of F for 1969 and 1970 from stock
size and catches for {ully recruited age-groups were
compared with Lhose estimates from the fitted lines
(Figs. 17 and 18). For all estimates except the 1969 Div.
3N males the T’s from the fitted line were higher than
the caleulated values: the disparily between the two
heing greater in Div. 31 (Table 3).

Catch-per-unit-effort

Except for a slight rise in 1963-65 the catch per
hour of Canada (N) trawlers in Div. 31 has declined
steadily since 1958 from about 1,200 kg per hour to 150
kg in 1970 and 430 kg in 1971 (1otal plaice, Fig. 2). The
slight increase in 1963-65 can probably be attributed to
the intrednction of the stern trawler and the greater
demand for this species,

Up to 1962 the main effort in Div. 3N wax for
haddock. At this time the effort for plaice was relatively
low; however, some large catches were made on the
virgin stock at the southern part of the bank. With the
reduction in the haddock stocks, efforl was diverted to
plaice and the Meet began fishing previously unfished
concentralions atong the castern slope. [t was probably
this diversion of effort and the introduction of the more
efficient stern trawlers that resulted in the increase in
catch per hour in the mid-1960%, However, from the
peak of about 950 kg (total plaice) in 1964 the catch per
hour has declined very rapidly to about 340 kgin 1970
and 281 kg in 1971 (Fig. 2).

H T T T 3 T B T T R R B - e A T ST TTTTT 7
. g , ]
1 s
ICNAF 3L ’
090= + e B
| ’
i Ve
o‘ao}» FEMALE 4 mae e 4
0-?0}» o T B
. 7
5 ‘
a 060 - + <~
% ‘ P P -~
3 : e -
0 050+ + . - 4
F4 H
I i Y= 0166 + O-056X 104 + 000X 7
‘&‘oqo'r r= 094l _ = 0-905 4
- -
a o
030~ o © —— &
060 eRiie! . .
| o ¥: 0076 + 0-003X : 0056 + 0-0D6X
020 4 N r: 0970 r=0908 B
~ @ Ll -
a0 K!/ 3 g T4 :  f g 3
! . | . . b H
oo 01 | 1. s 1 1_3' . 1 1 £ L4 R i s i Ll _JJ R l.n. ‘L__J
) ¢ 20 30 4D 50 80 ) 40 50 60 70 B8O 90

0 80 30
FISHING EFFORT

Q 10 20 30
{THOUSANDS OF HOURS)
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Stock size (Tubles 7 and 8)

For Div. 31 the stock size calculations indicate
that the total stock size remained relatively stable until
1966, when an apparent rapid incrcase oceurred in 1967
and 1968. However, since the most recent years and the
younger age-groups produce the most unreliable esti-
males of F from the method used here this may not be
real. The size of the fully recruited stock 15 years and
up in Div. 31. has however, been reduced by more than a
hall. In Div. 3N there appears to have been a gradual

increase in the total stock size until 1967 when it again
began to decline, The size of the fully recruited stock in
Div. 3N remained roughly at the same level from 1957
to 1962 when it appeared to increase and remained at
approximately the same level untl 1967 when the
nuwnhber of fully recruited fish again declined. The
1963-65 period corresponds Lo an increase in the
catch-per-unit-effort, as just noted, which was atiribuled
to a diversion of the cffort to previously unexploited
areas. L[ only a portion of the stock was being fished
prior to 1964-65, the stock size caleulated represented a

TABLE 7. Numbers of plaice present in the stock at the beginning of years 1955-68 (X 10 _6) LCNAF Division 3L.

Age Year
(vears) 1955 1956 1957 1958 1950 1960 961 1962 1963 1964 1965 1966 1967 1968
10 51.0 616 743 842 452 447 554 652 849 634 612 36.5 1240 1701
11 319 38.8 38.2 3t.48 45.2 393 341 41.2 59.3 57.2 49.6 46.3 48.3 8.2
12 24.1 255 2838 304 25.3 3o.0 30d1 35.4 31.0 38.7 37.0 409 376 35.0
13 18.8 17.9 19.6 227 230 187 274 240 207 223 26.1 26.6 3L 26.1
14 128 14.2 13.9 14.3 17.0 17.1 11.9 20.6 20.0 13.1 155 16.5 184 218
15 13.4 9.1 12.2 1.1 9.5 1.9 10.9 8.8 14.0 13.8 7.8 9.7 10.6 11.0
16 7.9 0.2 6.2 9.5 7.9 6.5 83 8.5 .1 10.1 7.3 46 6.1 6.2
17 9.1 7.2 6.2 4.3 6.0 5.2 3.9 3.8 3.7 3.8 4.8 1.2 29 1.7
18 7.8 5l 5.3 4.0 25 3.5 3.0 26 3.7 3.8 2.1 4.3 1.8 1.2
19 4.1 4.7 2.5 3.2 3.3 1.3 22 1.7 1.4 2.5 1.6 I3 25 09
20 3.4 2.5 2.6 1.2 0.9 1.0 6.5 10 0.9 0.7 1.4 11 0.8 1.3
21 i.8 24 24 1.4 0.7 0.5 0.6 0.3 0.6 0.5 0.6 0.7 0.5 0.4
22 3.6 L7 2.2 16 09 0.4 03 0.4 0.2 0.3 0.3 0.3 0.3 04
22+ 3.6 2.5 14 19
Total 10+ 0 . yeyey < DIE = odn = aan g - . Sae e
years 1933 2024 2158 2222 1874 1891 186.6 2155 2485 2302 2153 213.0 2856 356.2
Total 15+ c . ; . . P _— P 9=
54.7 41.4 41.0 3B 3T 30.3 207 29.1 32,6 35.5 259 26.2 25.5 25.1

years
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TABLE 8. Numbers of plaice present in the stock al the beginming of years 1956-68 (X 10 %) ICNAF Division 3N.

Age Year

{vears) 1956 1957 1958 19359 1960 1961 1962 1963 LU64 1965 1966 1967 1968
9 9.3 2.6 13.5 18.1 204 18.1 179 32.4 39.5 36.9 38.0 28.6 284
L0 7.9 7.4 7.9 1 12,5 15.5 16.0 14.2 23.7 208 25.7 24.7 1.5
11 9.2 3.9 6.8 2.8 7.3 9.4 11.9 14.7 10.8 14.6 18.3 17.0 16.0
12 3.5 6.0 4.5 3.8 4.7 3.5 7.2 9.2 9.3 2.6 9.5 10.5 1t
13 4.3 2.6 4.1 3.9 2.9 4.6 4.1 5.1 6.9 5.4 4.7 2.8 a8
14 29 3.3 19 2.0 1.9 1.5 2.2 3.1 3.5 4.7 3.7 1.7 1.1
15 24 1.4 2.4 1.3 1.5 1.1 09 1.6 1.8 2.5 3.0 1.8 0.9
1o 0.9 1.5 1.0 1.7 0.7 1.1 ¢.7 0.5 1.0 0.6 1.7 2.8 0.9
17 0.9 7 0.8 0.6 1.2 0.4 07 0.5 0.3 0.6 0.5 1.1 (5
18 0.5 0.6 0.4 0.6 0.3 0.9 0.2 0.5 0.3 0.2 0.2 4 0.5
19 0.4 0.4 0.4 0.3 0.5 0.2 0.5 0.1 0.3 0.2 0.2 0.2 0.3
20 0.9 0.3 0.3 0.3 0.3 0.4 0.2 0.3 0.1 0.1 (.1 0.5 0.1
21 0.7 0.6 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.04 0.09 0.08 (.1

21+ 0.4 0.4 0.2 0.1 0.1 0.3
T:::r? 45.0 40.7 14.2 48.8 4.4 3%.0 62.9 82.7 97.7 104.2 105.7 92.0 831
TO;Z]{{:Sm 13.9 1.8 11.9 11.0 9.3 10.5 9.9 12,2 14.4 14.3 14.2 11.2 10.2

portion of the stock only. In Div. 31, on the other hand,
the whaole area has been [(ished fairly evenly since the
starl of the fishery.

Discussion
Division 3L

Even with the big disparity between the estimaled
value of F for the fully recruited males and females in
1968, 0.92 and 0.50 respectively, the position on the
yield curve tanges from 80 to 80% of the maximum
yield (P ig, 8), The optimum F in Div. 3. occurs at 0.50
which is ahout 80% of the maximum yicld. In 1968 total
landings were about 37,000 tons. The 1969 catch of
abhout 50,000 tons gave prohahle fishing mortalily rates
of 0.89 to 1.0 for males and 0.67 to 0.55 for the females
(Table 5); thus apparently well beyond the “oplimum
vield”, For 1970 with 40,000 tons landed the ranges of
I were apparently 0,65 Lo 0.95 for males and 0,48 to
0.65 for females, again above the optimal level, but less
than 90% of the maximum.

The catch per hour by Canada (N} trawlers (Fig.
2y, which accounts for 90-95% of the catch has declined
drastically especially since 1967, The 1971 landings in
Div. 3L were down slightly to about 37.0 thousand tons
with the catch per hour by Canada (N} declining only
slightly from 450 kg in 1970 to 431 kg per hour in
1971,

It is suggested that the landings of plaice from Div.
3L should not exceed 40,000 tons and possibly should

be even lower at 33.000 tons. This is close Lo the 1967
level (I = 0.55 for males and 0.46 for females) with Llotal
landings at 37.5 thousand tons.

Division 3N

For Div. 3N the 1967 and 1968 eslimates of F for
males and females were in the 0460 to 0.52 range {Tables
3 and 4) with landings of 25,000 and 21,000 Lons, The
levels of fishing in these years were apparenlly beyond
ihe calculated npllmal value (0.40) (I'ig. 8). The
probable values of F in 1969 when 13,000 tons were
landed were males 0.44 and females 0,37 or close Lo the
optimum F. In 1970 with 20.000 tons landed probable
F levels were 0.50 to (.59 for males and 0.48 to 0.57 for
females, again beyond the optimal level,

The catch per hour by Canada (N) has declined
very rapidly since 1904 and slipped to 280 kg in 1971
(Fig. 2) with tolal landings about 22,000 tons.

A total landing of nol more than 20,000 tons is
suggested al the most and even 153,000 tons may be
more realistic.

General

Minimal fluctuation in vear-class strength ap-
parently occurs with probably no complete failure as
reported in some species. This is on the phlis side and
helps preserve a stable stock provided fishing pressure is
not too great. However, because of Lhe slow rate of
growth of this species, the restoration of Lhe fishable
biomass is relatively slow. Furthermore, it is nol known
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what effects a drastic reduction in the spawning stocks
would have on the population. This may be doubly
mmportant in the case of a stock like Div. 3N which
probably depends on  recruitment from the more
northerty Div. 3L stock.
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Note on the Occurrence of Larval .Anisakis in Adult

Herring and Mackerel from Long Island
to Chesapeake Bay

By B. Lubieniecki’

Abstract

Samples of herring and mackerel collected in April and May 1971 from Long lsland to Chesapeake Bay (ICNAF
Divisions 6A and 6B) were found to have lower levels of infestation by larval nematodes of the genus Anisakis (2-11%
incidence for herring and 9-30% incidence for mackercl) than those reported for herring in ICNAF Subareas 3 and 4 and in
most areas of the Northeast Attantic. The absence of significant variability in the infestation of both herring and mackerel
suggests that the populations of the two species in the area investigated are homogeneous. The relationships between
nemalode intensity and fish length showed gradually increasing trends in intensity with fish size, the trend for mackerel

being more pronounced than that for herring.

Materials and Methods

In April and May [971, 1,200 herring and 2,200
mackerel were examined for larval nematodes. Samples
of 100 specimens each were taken mainly from
midwater trawl catches in various parts of Nivisions 6A
and OB of ICNAF Statistical Area 6. Total length
measurements of the fish ranged from 20 to 37 em for
herring and from 21 to 48 c¢m for mackerel. Based on
the maturity scale adopted by 1CNAYF (1964), the
herring examined were classed as stages 111 and TV and
the mackerel as stage=< 1V, V, and VI, All specimens were
examined in the fresh condition, and nematode larvae
were collected from varicus body organs and cavities as
follows: liver, intestine and mesenterics, pyloric caecae,
stomach, gonads, peritoneal cavity, and musculature.
Nematodes were examined microscopically and iden-
Lfied as Anisakis by the following characteristies: (1)
ventriculus  between  ocsephagus and  intestine with
oblique joint bhetween vestriculus and intestine, (2)
excrelory pore situated ventrally of the boring tooth in
front of the head, and (3) three anal glands near the
rectum.

Results

In both herring and mackerel the greatest numbers
of larval nematodes were found encapsulated on the
intestine and mesenteries and on the stomach (Fig. 1)
with considerably fewer larvae on the liver, plyloric
caccae and gonad and in the peritoneal cavity and the
flesh. About 1% of the nematodes were found in the

Sea Yisheries Institute, Gdynia, Poland

flesh of herring but none were found in the flesh of
mackerel.
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Fig. 1. Site of larval nematodes in herring and mackerel.

The geographical distribution of the herring and
mackerel samples (Fig. 2) indicate that both the in-
cidence (percentage of fish infested) and mean intensity
of infestation {(average number of nematodes per
infested fish) varied only slightly throughout the area
studies. The incidence in herring ranged from 2 to 7% in
all samples excepl in the two (10 and 11%) taken east of
Long Island in the northern part of the area. The
incidence in mackerel generally ranged [rom 9 to 23%
but one sample taken southeast of Long Island had a
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value of 30%. The nematode intensity in hvrring varied
from 1.0 to 2] with no obvious geographical trend,
while in mackerel intensity values ranged (rom 1.1 to 2.6
with most of the higher values in the northern part ol
the area (Fig. 2).
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Fig. 2. Larval nematode incidence (numecrator) and mean
intensity {denominalor) of infestation in herring and
mackerel at sampling locations in TCNAF Statistical

Area 6.

The relationships between nematode intensity and
fizh length (Fig. 3} indicate that for both herring and
mackerel there is a gradually increasing trend in intensity
with increase in fish size. o mackerel the mean number
of larvae per infested Tish inereased from about 1.0 1o
20-31 em fizh to aboul 3.0 in 44-45 em fish, while in
herring the trend is less obvious over most of the range
of sizes of fish exumined. The highly  fluctuating

intensilty values for fish in the upper parts of the size
ranges are due to the very small numbers of specimens ol
these sizes in the samples,

Conclusions

The above results show that herring and mackerel
have a similar degree of infestation of larval Anisalkix,
which is very low when compared with somewhat higher
levels of infestation reported by Parsons and Hodder
(1971) for herring in the Newfoundland and Nova
Scotian areas and with the much higher levels reported
by Khalil (1969} for herring in British coastal waters.

Parsons and Hodder {(1971) concluded, from the
incidence and intensity of infestation of adult herring by
larval Anisakis in Canadian Atlanlic waters, that the
parasite iz valuable as a biological indicator of stock
heterogeneily. If their conclusion is considered relevant
to other herring stocks of the Northwest Atlantic and to
other species infested by Anisakis, the absence ol
symificant variability in the infestation of both herring
and mackerel in the present data suggesls the presence of
homogeneous populations of the two species in the area
investigated.

The dightly higher larval incidence in the mackerel
samples compared with those of herring (Fig. 2) may in
part be attributed to the somewhal higher intensily in
the larger sizes of mackerel (Fig. 3) and in part to
differences in diet. In general. more food was lound in
the stomachs of mackerel than of herring, and macrop-
lanktonic crustaceans (some of which are assumed by
some invesligators 1o be the first intermediate host) were
more oflten found in mackerel whereas Segitte oceurred
more frequently in herring. As far as the final host is
concerned, of Lhe many marine mammals suspected by
some aulhors ag being final hosts, the common dolphin,
Delphinus delphis 1., the false Killer whale, Pseudorea
crassidens (Owens), and other unidentified whales were
observed during the rescarch cruise in the region
investigated — 37°N to 41°N lat,
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Distribution and Abundance of the Greenland Halibut,
Reinhardtius hippoglossoides (Walbaum),
in the Northwest Atlantic

By Wilfred Templemanl

Abstract

This paper provides information on research catches of Greenland halibut, Reinhardtius hippogiossaides, in the
Northwest Atlantic in relation to area, depth, and iemperature, and also deals with commereial landings of Greentand
halibut from this area.

Greenland halibut are most plentiful in northern areas from the Northeast Newfoundland Shelf and the deep cold
bays off the east coast of Newfoundland te off Baffin Island and to West Greenland, where temperalures ranging from
— 1°, or more usnally ~ 0.5°, to 3°C occur more deeply over large areas than farther south or at the continental slope,
Farther southward, where such cold waler is less abundant and shallower, Greenland halibut are commercially scarce,
Essential 4lso is a neighbouring deepwater spawning area with slightly higher temperatures, where Greenland halibut may
be plentiful, especially at spawning season. Young fish are abundant where currents take the gradually descending fry from
the spawning ground into moderately deep and moderately cold water,

The largest commercial landings from the Northwest Atlantic in recent years were irom ICNAF Division 3K,
possessing a broad shelf with deep waler colder than in the same depths at the continenltal slope.

Smuller Greenland halibut are shallower and the depth range of Greenland halibut extends from wusually mote than
% m to 1,460-1,600 m, They were not found at 1,810-2.360 m. Good commercial catches are often taken between 300
and 90{0-1,100 m. Peak landings of 40,000 metric tons of Greenland halibut were tuken in the Northwest A tlantic in 1969,
Landings decreased to 29,000 metric tons in 1971, Greal catch decreases oceurred rapidly in a bottom gillnet fishery for

Greenland halibut in Trinity Bay, Newfoundland.

Introduction

The Greenland halibut, Reinhardtius hippoglos-
soides (Walbaum), was exported from Newfoundland atl
least ag early as 1857, By 1910, Newloundland exports
of salted Greenland halibut (turbet) equalled 590 metric
tons (subsequently called tons) fresh. Newfoundland
landings remained at the 250900 ton level until 1964
when the landings began to increase Lo supply a market
for the fresh Greenland halibul in the United States and
to a smaller degree in Europe. The only other significant
early fishery for Greenland halibut was by Greenlanders
in the West Greenland fjords, which by 1915 produced
about 400 tons in yearly landings and which [rom 1915
to 1958 varied between less than 100 and about 1,100
tons, increasing to a peak of 3,045 tons in 1965. From
1964, Furopean countries lishing in deep water for

redfish and roundnose grenadiers increasingly landed

Greenland halibut which is often an important by-catch
in these decpwater fisheries. Landings of Greenland
halibut from the Northwest Allantic reached their peak
of 40,000 tons in 1969 and have since declined (Fig. 5;
Lear, M3 19706; Templeman, 1966; Smidt 1969, M3
1969; ICNATF, 1952-72; llodder, MS 1973).

This paper provides and reviews information on
calches of Greenland halibut in the Northwest Atlantic
by research and exploratory vessels, relative to area,
depth and temperature, and also deals with commercial
landings of this fish in relation to ICNAT subareas and
divisions and by various countries. The Northwest
Atlantic place names used in the text are shown in Fig. 1
and TCNAF subareas and divisions in Fig. 6.

¥icheries Research Board of Canada, Biological Station, and Memorial University of Newfoundland, St. john’s, Newfoundland.
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Fig. 1. Map showing places mentioned in the paper.

Materials and Methods

The information on distribution and abundance of
Greenland halibut in relation to area, depth and
temperature was obtained from the catches of the
Canadian research vessels A. T. Cameron and In-

vestigator II. Mainly used were data from otter-trawling
sels of the A. T. Cameron (1938-66) using a No. 41-5
Yankee otter trawl (24.1-m headrope) towed usually at
about 3% knots. In the deepest sets at about 730 m the
towing speed was sometimes 3 knots. In areas where
data from these A. T. Cameron catches were lacking,
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information was obtained from ecatches of the In-
vestigator H (1947-65) using a No. 36 Yankee otter
trawl (18.3m-headrope) usually towed at 3%2 knots, and
from catches of the 4. T. Cameron and Investigator 11,
using a % 35 trawl (11.9-m headrope) towed on a single
wire at 2% knots f4. T. Cameron) and at 32 knots
{Investigator H). For all sets the trawl was towed for 30
min on bottom. The codend was usually lined by a
29-mm-mesh nylon liner, but for sets during the early
years of the surveys by the Investigator II, the codend
liner consisted of 45-mm-mesh manila. The research
vessel sets were exploratory and were made at positions
unselected for abundance of Greenland halibut. Otter-
trawling sets in which the trawl was so badly injured, or
for other reasons in such poor fishing order as to
interfere seriously with taking or retaining a normal
catch were not used in the distribution maps (Figs. 2 and
3). Occasionally when trawl data were lacking in an area,
dala from longline sets were used. For purposes of the
distribution maps (Figs. 2 and 3), the longline catch of
Greenland halibut from 450 hooks (3.7 m apart) was
arbitrarily used as the equivalent of a 30-minute set by
the No. 41-5 trawl. Catches of Greenland halibut taken
by the A.T. Cameron were recorded by total weight
(weighed on the ship) and number of fish. Usually,
weight eslimates only are available from the catches of
the Investigator Il Otter-trawling on the slopes was as
far as possible carried out on a depth contour at
predetermined depths in fathoms. At the end of the set a
near-bottom temperature was laken, approximately at
the depth of the set.

The catches shown in Fig. 3 off Baffin Island
sonth of 67°N and west of 58°W, in Ungava Bay and off
the northern third of Labrador were taken by the A. T.
Cameron, 18 August-14 September 1959 (Templeman
and Squires, MS 19600; F.R.B., 1961; Templeman 1961,
1966). The Northeast Newfoundland Shelf incliding
Funk Island Bank and Funk Island Deep, the eastern and
southwestern Grand Bank, the Gulf of St. Lawrence, and
the Nova Scotian Shelf were first investigated by the A.
T. Cameror in 1959; the southern two-thirds of the
Labrador Shelf and St. Pierre Bank in 1960, Flemish Cap
in 1958 and 1961. Apart from Batfin Island, Ungava
Bay, and Northern Labrador, the area was investigated
by the A. T. Cameron at least several additional times in
subsequent vears to 1966. The fishing in West Greenland
was in late July-August 1963. Sets extended from the
shallowest water of the banks to about 730 m on the
slope. The [nvestigntor II explorations in 1947-65
covered the same area many times except West
Greenland, off Baffin Island, Ungava Bay, and the Nova
Scotian Shelf using smaller trawis, but the results are
used here only when A. 7. Cameron data are lacking,
These investigations were before great catches of
Greenland halibut on the continental shelf and slope of
the Northwest Atlantic had seriously reduced these

populations. Subsequent trawling by the A. T. Cameron
has not often reached as great depths as were annually
trawled in 1958-66 so that the period up to 1966 is a
convenient one for comparison of research vessel catches

of Greenland halibut by area and depth.

Commercial landings of Greenland halibut were
also reviewed from ICNAF statistics (ICNAF, 1952-72:
Hodder, M5 1973). Some assumptions and calculations
are necessary for assessing the landings of Greenland
halibut from these statistics. In 1967-68 for the FJSSR
and 1966-68 for non-members (apart from Subarea 1 in
1966 for which Greenland halibut, only, were reported
by non-members) landings of Greenland halibut were
included with those of Atlantic halibut. For 1969 the
USSR and non-member A (the German Democratic
Republic, GDR) reported Greenland halibut but no
halibut. For 1966 the nominal landings of halibut
(Greenland halibut in Subarea 1) by non-members were
divided between halibut and Greenland halibut for each
division of Subareas 1 and 2 on the basis of landings of
Greenland halibul and halibut from these divisions by
the Federal Republic of Germany, Ger (FR), and where
division information was lacking, by the ratios of these
species in Ger. (FR) landings for the subarea; and in
Subarea 3 similarly, using Polish landings. For each year
of 1967-69 for the USSR and for non-members, the
nominal landings of halibut {or Greenland halibut) were
divided between Greenland halibut and halibut in the
vatious ICNAF divisions in the above manner in
proportion to the averages from division totals for
1967-69 of these two species {or Ger. (FR) in Subarea 1
and for Poland in the other subareas. Landings of 57
tons of Greenland halibut in 1969 and 17 tons in 1970
by non-member B {Bulgaria) were assigned to the total
ICNAF landings only.

The USSR landings for 1970 and the GDR
landings for 1970 and 1971 were reported as Greenland
halibut, no halibut being reported. In 1971, the USSR
reported both Greenland halibut and halibut for
Divisions 3M, 3N, and 30 but only Greenland halibul
for the more northern divisions. By 1970, nominal
landings of halibut from Subareas 1 and 2 and the
northern divisions of Subarea 3 had become very small,
For 1970 and 1971, the nominal landings of Greenland
halibut reported by the USSR and the GDR for the
northern divisions as far south as Div. 3L were accepted
as Greenland halibut, and it was assumed that the
included landings of halibut were negligible. Nominal
USSR and GDR landings in 1970 south of 31, where a
greater proportion of the landings consists of halibut,
were divided between Greenland halibut and halibut by
the ratios of the landings of these two species by the
USSR in these divisions in 1971, Landings of 660 tons
of Greenland halibut by Norway from 3NK in 1970

were congidered to be mainly from longlines and have
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been alloltted 600 Loons to 3K and 60 lons to 3L.
Nominal landings by Romania of 107 tons of Greenland
halibul but no Atantie halibut from Dhivision 52 in 1970
and of 22 tons from this division in 1971 were deleted
from the Greenland halibut statistics. It is assumed that
the nominal USSR landings of halibut for 1968-69 and
of Greenland halibut for 1969.70 (Konslantinov and
Noskov, 1972) from the Baffin Island area were all
Greenland  halibut. Norwegian landings of Greenland
habilut from Subarea 1 in 1971 were assigned to division

ICNAF RESEARCH BULLETIN NUMBER 10, 1973

on the basis of the average Ger. (FR) landings of this
species in 1967-70 from the divisions of Subarea 1.

Distribution of Research Vessel Caiches
of Greenland Halibut

Research vessel catches of Greenland halibul were
greatest in the deeper water of the Davis Strait Ridge
and were nexl largest in the slope water farther south off
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Fig. 2. Number of successful (net not badly injured and fishing properly on bottom) otter-irawling scts of the

research vessels A, T. Cameron and Investignlor II in various rectangles and wsed for the averages in
Fig. 3. (The large number of sets in scveral reclangles is the result of selection experiments. Sets without
an indicator letter are those of the 4. T. Cameron.)
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Fig. 3. Average catch of Greenland halibut, kg whole weight by 1% degree latitude, | degree longitude rectangle
per 30-min on bottom olter-trawling set of the A. T. Cameron in 1958-66. (Where information from the
A. T. Cameron is lacking, sets of the Investigator IT for 1947-65 were used.

Batfin Island, off West Greenland, in Ungava Bay, off
Labrador, the Northeast Newfoundland Shelf, Notre
Dame Bay, and Trinity Bay (Figs. 2 and 3). Southward
from these areas, the catches of Greenland halibut were
much smaller and much more irregular. Small quantities
were taken on the eastern and sontheastern slopes of the
Grand Bank in the path of the eastern cold branch of the
Labrador Current. Farther west, occasional moderate

catches were obtained, as at the mouth of the
Laurentian Channel, in Hermitage Channel on the south
coast of Newfoundland and in the northern and western
extremities of the northern channels of the Gulf of St.
Lawrence. Greenland halibut were scarce at Flemish
Cap, in all bank areas less than 180 m in depth, and
along the seaward slope and the deep water areas of the
Scotian Shelf.
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Research vessel catch of Greenland halibut by depth and to 3°C are found al considerable depths, as in West
temperature Greenland, Baffin lsland, and the deep bays of eastern
Newfoundland, and also in deepwater areas of the

Greenland halibut are often relatively numerous in continental slope at slightly higher temperatures (Table
deepwater areas where low temperatures of abont —1° 1, Fig. 4). Their presence in the latter locations, as in

BOTTOM TEMPERATURES °C
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Fig. 4. Average catch of Greenland halibut, kg wholc weight, per 30-min on boltom otter-trawling set of
the A. T. Cameron at various depths and bottom temperalures, 1958-66 off West Greenland,
Baffin lsland, Ungava Bay, Subarea 2 and Division 3K. (The number of sets included in the
average is at the lower right of each indicator sign and the resulls of large numbers of repeated

hauls in one place in selection experiments are omitied.)
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Dhvs. 26, 2H of Table 1, is often related Lo spawning on
the continental slopes and o migrations to and from
these spawning grounds. Many of the larger Greenland
halibul apparently also remain between spawning sea-
sonz in these deepwater areas. Tn all areas where the
larger Greenland halibul are numerous or moderately
numerous in these deep and warmer water localities on
the continental slopes, water with temperalures below
37C extends rather deeply, and there are large areas
with low bollom temperalures in deep water within the
scasonal migralory range of the fish. In the warmer
water areas (3M, 3N-4X). where Lemperatures ahove 3°C
are {ound at all depths greater than 180 m, Greenland
halibut are nol abundant, and in the most southern
Canadian areas (4V-4X), where autumn and early winter
temperatures at all depths within the usual range of this
tish are still higher, Greenland halibut are very scarce.

fn addilion to the calches by otler trawl, some
bottom longline catches (Table 2) show that a few
moderately large Greenland halibut are presenl at «till
greater depths, at least to 1,460-1.600 m. No Greenland
halibut were taken in 21 longline sels with about

500-550 hooks per set. distributed along the continental
slope from southern Labrador to off New Jersey in
1,810-2.360 m, in which many other boltom-related
fishes were laken. Also, on a midwater longhne, tishing
at 180-460 m for pelagic redfish north of Flemish Cap al
48°30'15"N, 44°56'45"W over water 730 m deep. a
3-kg Greenland halibut was taken.

Fish size by depth and area

Greenland halibut, taken by otler trawl at depths
ol 48-229 m, and in some areas more deeply, were
usually of a small average size (less than 1 kg). although
there were occasional exceplions al one or more Jevels as
otf Soulh Labrador 1o East Newfoundland (Table 3). At
greater depths the fish weee larger. The largest average
sizes, in arcas with relatively abundant fish, were taken
ofl Labrador and eastern Newfoundland 2G-3L at
depths of 459-915 m. The fish laken by otter trawl at
the greatest depths off West Greenland were smaller than
these in depths immediately shallower (Table 3). bul
larger fish were taken by longline al these and at still

grealer depths (Table 2),

TABLE 2. Greenland halibut taken in bottom longline sets by the 4. T. Cameron.

Position No. Total Temp, "C
Depth of weight {Temp.
Dale Locality Lal N Long W {m) fish (kg) depth, m)
31 July 1965  Off Disko Bay 60°28 59°25' 1280 5 1542 0.10(1271)
7 Aug. 1965 W stope Store 66701 56°56 650 20 06,20 277 (658)
Hellefiske Bank
8 Aug. 1965 W slope Lille 64°58 55726 800 3 958 445 (810)
Hellcfiske Bank
14 Aug. 1965  Wslope Fyllas Bank  63°39' 53702 730 6 26.8° 457 (849)
I3 Aug. 1965  Wslope Fyllas Bank  63°30’ 53°10’ 1460 17 124.4%  3.68(1432)
12 July 1965 N of Flemish Cap 48°30 44°57" 180-460 1 27% 350 (549)
17 Apr. 1968 N of Flemish Cap 48°57 44°55' 1370-1460 14 70.0°  1.62(1370)
18 Apr. 1968 E of Flemish Cap 46°50" 43745 1460-1630 6 37.7°  3.57(1370)
19 Apr. 1968  F of Grand Bank 45°47 46°27 1370-1500 2 10.8° 3.66 (1550)
20 Apr. 1968 01 SE Grand Bank 43°44/ 48°50 1460-1550 9 34.5° 3.75 (1280)
21 Apr. 1968 Off SW Grand Bank 14°15' 53714’ 1460-1600 2 7.7" 3.08 (1420)

4450 hooks on longline. b130 hooks on longline, midwater set, 180-460 m over bottom depth of 730 m. 550 hooks on longline, suid

bait.

Small Greenland halibut were numerous near
Disko Island in late July-early August 1965, At the
mouth of Ungava Bay 4-0 Scptember 1939, it was
evident from cod food that there were large numbers of
small l-year-old Greenland halibut in the area. At 365 m
the cod were taking some small Greenland halibut but
feeding mainly on capelin. At 185 m, the most abundant
food in cod slomachs consisted of small 8-12 em
Greenland halibut with sometimes 20-30 or more in one
stomach.

Information on Distribution from [CNAF
and Other Statistics

Although research vessels can produce an overall
picture of distribution. only the commercial lishery can
provide the information on the quantities of Greenlund
halibut of commercial size which may be Laken in an
area year by vear. The statistics for conntries fishing the
Northwest Atlantic (ICNAL 1952-72) show the recent



91

DISTRIBUTION AND ABUNDANCE OF GREENLAND HALIBUT

TEMPLEMAN:

Ut pepnaue (meny o S¢E/¢ Yhm eayel (8Y () ysiy aary

q

MELLANTO G/ wody LEIEN N afrvasar S}

(99-2161) 1 101081s00u] pUr HoWY) J ' ‘SEaa [RISPOD FuLnoquBau pur sAeq I8800 [SEIYINOS PUT JSES PUR|PUNOJMAN,

SA81) 01 - - - - A1) 6% - - - - LD %0 (FUTT-916)008° 105
q(v9e) 9z - (@) e - ae) o't glerre (20) 0% (02) 92 - - - sy L2 (s16-£62} 005 T0Y
(229) 0 () 0z - (ew) o1 (9) 4 (951} 92 () $71 - (i) s2 (g21)¢1 (9210271 (ZEL-Z19) 00T 1SE
(98%) €T - (9) s - (eL) vl (8) 02 (€¥1) ¢ W) 9z = (1) ¢¢ (eorxe 1t 001Xz (1¥9-155) 0sE- (0T
(st - (¥) g% (&) 670 (0s) &1 () sz (sL8) ¥r (1) 9¢ weo'L (s¥) 12 (ezi)or  (s21)g1 (055 65%) 005" [£C
(o Ls 1 - (2) Le 1) 670 (cs) g0 2) ot (Is¥) 'L (F10)6°1 - 29z w) co (GrueT (8S¥-80¢) 05107
0T08'1 - (s (zziLo - (eeea)e’t ey (ze)er  (zeeho (2ev)yo  {(8) to (29%-925) 0027151
CF221170 (6g)o't {zo (L9mon (Z6F)E0 (o1¢) z°1 (L) 971 - - (rrgt 2y soo {s22-088) 051921
(CFg) 90 w1eo (1g)zo LITIL (gn) <0 (29g) ¢t (viwo - (o1) g0 - - (622-¢g1) SZ1-T01
(FFe) 071 - () 1o (o11)z1 (95180 - (861) ©°1 ) 80 - - - ($81-68 T} 0092
(sz) 90 - - Wz) 40 - () 60 () - - - - (gg1-v6) G215
(ys) To - - (99) 20 - - - - - - - (z6-8F) 059¢
ag-ue| @ny-aef D] AON “Aoz-urf “AON-ae [ TAON-TR[Y a(-ue| oAy RLEN pdag-@ny ‘any Hny-Am[ (3079 ) o IBA
AFrLIAT e Pl XV APAR)  (WPSPwr) (o' (ag) CreNetlz) (HE'DE) Arg NOES9  NOL SO PurIaals mdacg

Jiedaa(y MOYsU| JPUs PEIEFEN | yury dery pur| JOPRIG R eaeSuy} Jo qmog Jo YrioN
e O 15 Jjo auad I8 SIS o “punoymay (SR TRTTN PurRp| puegs)
Jney pue yury uiajsey pur uiryeq urjyey
purlsy Joprage]
ulyinoy UREITITEIN

(s1saypuaIrd U3 *aBRIGAR UL papnpul YslE JO SaqIUNN Al 2yl

MO[ag parou e suoldaiX ) SUidop SROUERA 1R WO OG U MBI 10 G- |1 0N 81 YY-gG | ‘uosmwr) L np A UayT) Inquey puRiesIn o (ysiy Jad ) jyfam advraay g AV



92 ICNAF RESEARCH BULLETIN NUMBER 10, 1973

T WT"“WW T IlTﬁr_y_l}
Gol:

INCLUDING
— USSR ( BAFFIN
ISLAND

— NON - MEMBER
—— POLAKND

—-  OTHERS
n— DENMARK

| —— CANADA

FMETHIC TONS

THOUSANTS

—— BAFFIN ISLAND

—— SUBAREA |
[
|
;c’» —— SUBAREA 2
|
10
—  SUBARER 3

""" —— SUBAREA 4

| - R | Lo L Ly 1
1354 436 356 960 1982 1964 106F 1968 1970 972 1374 1978
TEARS

Fig. 3. Landings (whole weight) of Greenland halibut by various
countries and in various subareas of the JCNAY area and
from off Baftin Teland, 1954.71,

development of Lhe Greenland halibut fishery (Fig. 5).
Up to 1963 this was: almost entirely a small Canadian
fishery, mainly by longline in Lhe deepwater bays along
the cast coast of New r()llrldldlld and a similar fishe ry by
Greenlanders in the Greenland fjords, The total Lmdmgs
from the ICINAF area increased from 1,420 tons in 1954
o 3.720 tons in 1963, almost entirely due Lo increusing
lundings by Greenlanders. As a resull of greatly increased
Canadian Jandings after 1964, and increased landings by
Polund, USSR, and GDR after 1966, peak landings of
40,000 tons were taken in the Northwest Allantic in
1964 and landings were almost as great (39,800 tons) in
LY70. In 1971, however, the annual landings declined to
20,000 tons due mostly to the decreased calches by the
GDR.

In the vears with the highest landings, 1967-71,
the greatest landings of Greenland halibut, and by far
the greatest by European nations from the continental
shelf and slope, were from Division 3K (Fig. 6). The
landings of Greenland halibut in 3K by Canadians were
almost entirely from and near Notre Dame and White
bays. The second greatest landings were from 3L but

only a very small part of these were from the shelf and
slope, almost all being Canadian landings from Trinily
and Bonavista bays. Division 2] was next in importance,
and landings declined northward from 2] and south-
ward, castward and westward from 3L.

The Danish (Greenland) fishery in West Greenland
(Subarea 1) for Greenland halibut has been parlly
primary fishery by longline for this fish, with by-catches
mainly from the shrimp [ishery. and conducted in and
near the Greenland fjords (bmldt 1969, M5 1969). These
Greenland landings have usually made up most of the
landings from Subarea 1 (70% for the period 1967-71)
and the Subarca 1 landings have not changed greatly in
recent vears, rising (rom 880 tons in 1931 to 3,060 tons
in 1965, declining to 1,650 lons in 1969, and rising
again to 3,040 tons with a considerable inerease in the
Norwegian landings from the shelf fishery in 1971, The
larger amounts taken by the Greenlunders in Division 1A
are related to the great ~,I1r11np fishery and its by-catch of
Greenland halibut in the Disko Bay area (gmrdl 1469).

The Canadian fichery for Greenland halibut (Figs.
5 and 6) was until recently almost entirely a special
fishery for this fish, and in recent years increasingly for a
combinalion of Greenland halibut, wilch flounder and
American plaice, in and near the deep cold-water bays of
the east coust of Newloundland. The earlier fishery was
by longline and the more recent fishery by gillnet (L.ear,
MS 19708). This fishery. alter a rapid rise from 1964,
reached its peak of 17,000 tons in 1967 and declined
gradually to 10400 tons in 1971, The most rapid
expansion of the lishery was in Trinity Bay, reaching a
peak of 11,340 tons in 1967 and declining to 3,050 Lons
by 1969 and to 2,310 tons in 1971, In this bay, the
average catch of Greenland halibut decreased from 138
kg per 9l-m bottom gillnet in 1966 1o 23 kg in 1969
(Lear, M3 1970b). After the decline of the Trinity Bay
fishery, landing-, rapidl\ increased in Notre Dame Bay,
I‘td(‘hlllg 5,900 and 5,500 tons in 1969 and 1970 (Lear,
M3 19706) and declining to 3,620 tons in 1471,
Bonavista Bay also contributed yearly landings between
1,100 and 1,770 tons during 1965-69, but landings
increased to 2 440 tons in 1970 and 2,900 tons in 1971.

The USSR and Polish fisherics for Greenland
halibut and those of non-members of [CNAV began as
incidental fisheries mainly related o the deepwater
lishery for redfish. Their Greenland halibut landings
have increased as their vessels lished deeper for redfish
and to 600-1000 m and more by the USSR and the GDR
for the roundnose grenadicr. Somctimes, Greenland
halibut has apparently been the primary object of the
fishery (Pechenik and Troyanovskii, 1970). Beginning in
1968, small landings of Greenland halibut were made by
the USSR (rom offl Baffin Lsland which is outside of the
ICNAV area.
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Fig. 6. Average vearly landings (whole weight) of Greenland halibut in the various divisions of
the ICNAF area and from off Bafiin Island, during the period of greatest landings
1967-71. (The areas of the circles are in proportion to the landings. )

Discussion and Conclusions
Distribution by area

This paper presents information on Greenland
halibut  distribution from sbout 70°30'N off Disko

Island and southward to the southern part of the Scotian
Shelf north of 42°30'N (Fig. 3). Other workers have
published information on Greenland halibut distribulion
in various parts of the Northwest Atlantic and some have
provided such information for and beyond the fringe
areas ol the present study.
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The Greenland halibut is widely distribuled along
the West Greenland Coast (especially in the fJor(L) and
in the Davis Strait, and the Godthab Expedition in 1928
took it by botlom trawl as lar north as Smith Sound,
871N, 7T4°10'W, at 670 m (Smidt, 1969). Dunbar and
Hildebrand (193 )) reported small Greenland  halibut
8-16 ¢m in total length from near Port Burwell, Ungava
Bay. cspecially from cod stomachs. The deeper waters,
from which the catches ol larger Greenland halibut were
obtained by the 4. T. Cameron, were not investigated.
tne hundred and eighteen Greenland halibut, average
weight 1.3 g, were reported from food of Briinnich’s
murres at Akpatok Island, Ungava Bay (Tuck and
Squires, 1953). The Greenland halibul was not reported
from Hudson Bay in Vladykov (1933), Edwards (1961),
and MeAllister (1964). Gordon and Backus (1957
recorded two specimens of Greenland halibut (8 and 11
cm in lengthy from the botlom in 110-125 m at about

1.7°C in Hebron Fjord, Labrador. Tn the deeper water
of the estuary of the St. Lawrence River, the Greenland
halibut was reported as far west as 69°30" — 69°35'W
(Vladvkov and Tremblay, 1935: Steele, MS 19538),
between 70°44 — 70°48'W {Bergeron and Legendre,
1970): and in Saguenay Fjord of this estuary (Drainville,
1970).

Ou  the sounthern fringe of the distribution,
Selirocder (195 '3) t()()k 20 Greenland halibut between
63°47" and 65°10'W, in the general vicinity of the
southeastern tip of th(, Scotian Shelf from which |
ohtained my most southern specimens_, and one cast of
Georges Bank al 67°59"'W. The depth range was
360-970 m and the fish length 3391 em. The record at
67°59'W is the most southern, the depth at this latitude
placing it in the gencral vicinity of 40°15'N. Four
Greenland  halibut, 26-32 em  long, were taken in
February 1963 in the Gulf of Maine, at 65-100 m and
between 43°37  A3°48'N and 67°27 — 69°45'W
(Bovar, |‘)64) Also, in March 1968, two Greenland
halibul, 27 and 42 ¢m long, were taken at 27-46 m in
the Bay of Fundy at 45°05'30""N, 66°44'30"W (Barrett,
1968},

Other workers have been concerned with investiga-
tions delineating the arcas of commercial abundance.

Surveys by USSR exploratory trawlers were
carrted out from 1965 at depths of 500-1,400 m along
the Northeast Newfoundland and Labrador shelves and
along the Baffin Idand coast Lo Davis Strait. In 1963-66
the exploratory fishing was at 5300-650 m and in
1967-68 deplhs down to 1,300 m were trawled. The area
off Baffin Island was investigated in 1967 (Pechenik and
Troyanovskii, 1970, Anon,, 1971), The resulting in-
formation summarized in Pechenik and Trovanowvskii
{1970, fig. 41) shows deepwater slope concentrations of
Greenland halibul off the southern part ol Baflin Island,

northern Labrador, in Hawke Channel, off Funk Tstand
Bank, and off Notre Dame Bay. These agree approxi-
malely with areas where the best catches of Greenland
halibut were taken by rescarch vessels of the St John’s
Station (Fig. 3). Landings of Greenland halibut by the
USSR increased with the development of a large fishery
for the roundnose grenadier, Coryphaenoides rupestris
(Gunnerus), especially in Division 3K and in the
southern part of Subarea 2, and in 1971 in Division 2.

Norwegian experimental l’ishing for Greenland
halibut by longline, 24 March-2 July 1971, extended
from West Greenland along the southern slope of the
Dhavis Strait Ridge and south along the continental slope
off Baffin Island, Labrador and the Northeast New-
foundland Shelf to the northern slope of the Grand
Bank (Olsen, 1971). Longline calches were imterfered
with by Greenland sharks and by deepwater otter
trawlers. The best calches, taken during 6-11 May off
southern Tabrador (53°12° — 52925'N, 52°08' —
51°19'W) and during 17-24 June off the southern part
of Baffin Island (62°48' — 61°06'N, 61°20" — 60°34'W)
in depths of 530-750 m, ranged in dllierenl sels [rom |7
to 43 and 2() lo T0kg rC\pE‘PtIVE‘I\ per hrw of 144

After thc experlmentdl period was over, the wﬂ-sel hshed
again at Baffin Island and caught Greenland halibut
(average weight 4.3 kg) al the rate of 1,800 kg per 4,000
hooks.

Distribution by depth

Occasional Greenland halibut have been reported
from 48-92 m (Table 1) and from 27-46 m (Barrett,
1968). Most of Lhe larger quanlities of Greenland halibut
were found belween 280 and 915 m (Table ). Deeper
than 640 m the calches were not truly comparable with
those of shallow depths, as the A. T, Cameron often had
to slow down to keep the trawl on hottom and al the
greatest depths use a smaller trawl on a single wire. In
the deep bays of eastern Newloundland, Greenland
halibut were most abundant in longline catches at
300-570 m, m gillnet catches in 230-530 m, and in
otter-trawl catches by the 4. T. Cameron in January-
March 1967.68 al depths of 290-580 m (Lear and Pitt,
M8 1971). On the slopes of Flemish Cap and eastern
Grand Bank, they were taken by bottom longline in
water as deep as 1,460-1,600 m (Table 2} bul were not
taken at 1,810-2,360 m.

In West Greenland fjords, where the larger
immature Greenland halibut are especially plentiful, the
densest populations are at the greatest depths, 350-600
m (Smidt, 1969). The generally increasing size with
depth (Table 3) is similar to the report by Smidt (1969)
thal small-sized Greenland halibut under 20 ¢m, fizhed
in prawn trawl, were more frequent in shallower depths
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of 200-250 m, whereas the larger {ish taken on longline
were most abundant at depths greater than 350 m. A
Greenland halibut, 77 em long, is reported by Jensen
(1933} from 1,600 m in Davis Strait. In the USSR
fishery off Baffin Island and northern ILabrador,
concentrations of Greenland halibut yielding 3.3 tons
per hour of lrawling were found at 550-650 m and also
at 900-1,000 m. The accumulation of large Greenland
halibut in very decp water on the continental slope of
the Newfoundland area is greatest in November-January
at and ncar the spawning season. No information,
however, is given for February-May (Pechenik and
Troyanovskis, 1970).

Successful commercial fishing for Greenland
halibut, up to 20-26 tons per hour, was found east of
Teeland al 270-550 m between September and Decem-
ber. Calches up to 10-15 tons per hour were taken
northwesl of [celund at 450-650 m in April-June, and
north of Ieeland at 450-850 m {from June to October
{(Pechenik  and  Troyanovskii, 1970). In July-August
1967, USSR trawlers fishing north of Iceland, and in
May-carly June 1967 a GDR exploratory trawler fishing
northwest of lecland, found the main concentrations of
Greenland halibut in a narrow band at 500-600 m
{Konstantinov, 1968; Paschen, 1968).

In USSR investigations in  the Barents Sea
1964-67, the greatest concentrations of spawning Green-
land halibut were found al depths of 600-800 m
{(Nizovisey, 1969), and commercial fishing in this area is
at times as deep as 1,100 m (Pechenik and Trovanovskii,

1970).

Although the large catches of Greenland halibut
have heen reported as taken on and near the bottom hy
otter trawls, longlines and gillnets indicating thal these
fish must spend much time near botiom, there is good
evidence that Greenland halibut move to midwaler and
even near lhe surface for leeding as in the instance
reported in this paper where il was taken by longline in
midwater north ol Flemish Cap. Twelve Greenland
halibut, 21-29 em long, were laken in herring nets
extending from 11 to 16 m below the surlace over
depths of 165-200 m in Conception Bay, Newfoundland
(Lear and Pite, MS 1971). The Greenland halibut killed
in large numbers in Trinity Bay, Newfoundland (Temple-
man, 1965) probably died when they pursued capelin
into water of intermediate depths where the temperature
was below - 1°C. In the West Greenland fjords,
Greenland halibut often move into mid-water in num-
bers and feed on capelin as much as 100 m off the
bottom where they are caught pelagically and in
abundance by the Greenlanders using handlines only
200 m long in areas where the bottom depth is 300 m
(Jensen, 1935). Greenland halibut 20-40 ¢m long have

{requently been taken in salmon drift nels set at the

surfuce in Lhe open sea off West Greenland {Smidt,
1969). The larger Greentand halibut are mainly fish
feeders and many of their favourile fish foods such as
capelin live in mid water (de Grool, 1970),

Distribution by temperature

It is apparent from the data presented in this paper
that, apart from spawning concentrations in deep water
at higher temperatures, Greenland haiibut in the
Northwest Atlantic are most abundanl where bottom
water te mperatures of about 1%, or more usually
—0.5%, 1o 3°C oceur in deep water over large arcas. \lsu
for the Newfoundland arca (Lear and Pitt, MIS 1971}, in
the eastern bays Greenland halibul were most abundant
in longline calches at 1.67° to 2.81°C (300-370 m). In
Nolre Danw and Trinity bays in 1966-08, they were
most abundant (over -15 kg per 9l-m ml[net of 212 to
263 mm mesh, per 24 hr fishing on hnttom) at depths
from 230 to 530 m and botiom temperatures from
—0.387 to 2.18°C. The best Greenland halibut catches in
these h-lyb by otter lrawl, during 1966-69, oceurred in
Trinity Bav in March 1967 at 1.1° o 2.8°C al
290-580 m, 570-1,050 kg per 30-min tow on bottom.

In TJSSK fishing for Greenland halibut north of
Ieeland in July-August 1967, the greatest concentralions
were found where the near boltom tlemperature was
about —0.5°C, between 500 and 600 m {Konstantinoy,
1968). The Ernst Haeckel found good quantities of
Greenland halibul east of leeland in Seplember 1967 al
botlom temperatures of 0° to —0.3°C (Paschen, 1968).

Spawning and larvae-fry-area-depth-temperature relation-
ships for large populations of Greenland halibut

Most of the information presented above on Lhe
relationship between Greenland halibut concentrations
and waler temperatures does not pertain to spawning
concenlrations occurring in deep water in winter but to
the ordinary mixture of immature and mature fish
during the remainder of the year, in West Greenland, the
Greenland halibut apparently do not spawn in the fjords
where immature [ish are abundant nor in Baffin Bay
north of the Davis Strait Ridge where lemperatures are
almost cverywhere in deep water below 2°C and where
both young and older fish are commonly present, but
migrale out of the fjords and southward from Baffin Bay
to spawn in winter, south of aboul 66745'N, probably in
depths of aboui 600-1,000 m, at higher temperatures,
about 3.5% to 4.5°C, and hlgher salinities (Jensen, 1935).
Comparisons at 800 m (Dunbar 1951) show tempera-
tares from —0.49° to 0.65°C and salinities [rom 34.43
to 34.52%/c0 for Baffin Bay and lemperatures from
2.99° 1o 4.03°C and salinitics from 34.85 1o 34,95/,
in the Labrador Sea south of the Davis Strait Ridge. The
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higher temperatures aid ovarian and embryonic develop-
ment and the higher salinity may be important for the
hathypelagic adjustment of the Greenland halibut egg in
relalion to depth, as the eggs appear to float and hatch
in the deeper lavers rather than at the surface, Jensen,

1935 Smidt, 1969).

Also, Greenland halibut with large eggs close Lo
spawning condition are extremely uncommon in the
Newfoundland east coust bays, where bottom tempera-
tures of the deep water are lower than in similar depths
on the continental slope, and Greenland halibut tagged
in summer-autumn in While Bay, Newfoundland, were
recaptured in winter-spring much farther eastward on
the continental shelf and several on the continental slope
(Pitt, MS 19717 Templeman, 1971; Templeman and
Fleming, 1972).

In the Northwest Atlantic wherc Greenland
halibut are abundant over great areas, it is noteworthy
that the larvac and fry are spread by the currents into
large arcas of cold and modcrately cold water and at
intermediate depths. The West Greenland Current takes
large numbers of Greenland halibut fry northward across
the Davis Strait Ridge and coastward with its Lurning to
the right into the colder water of intermediate deplhs
close to the coast. As a result Lhere is a greal nursery
ground for Greenland halibut over a large area, about
200-250 m deep, in the vicinity of Disko [sland. There is
another nursery ground south of Godthab and there are
presumably many others. Later, after settling near the
coast, many of the young enter the fjords bul many
remain to grow up on the coastal and bank slopes

(Jensen, 1935; Smidt 1968, 1969,

Large numbers of 8-12 cm Creenland halibul in
Ungava Bay were reported in this paper. Also Lear (MS
1970a) reported numerous small 0+ Greenland halibut
6-8 mm fong from cod stomachs taken on the southeast
slope on Hamilton Bank of Division 2] at 265 m in
October 1967, and numerous 1+ Greenland halibut,
about 12-16 em long, were taken by the A. T. Cameron
on the northern slope of Hamilion Bank in 228 m in
Oclober 1967 and along the Tabrador Shel in October
1966. No large numbers of similarly small Greenland
halibul have yel been taken from the deep bays of the
Newfoundland east coast where the larger immature
Greenland halibut have been so plentiful. However, with
the large trawl rollers used by the A. T. Cameron, it is Lo
be expected that most small Greenland halibut would
pass under the net or out through the large meshes of its
forward parts.

In the Newfoundland area, although there is little
or no information on the larvae and pelagic fry of
Greenland halibul compared wilh that available for Wesl
Greenland, a hypothesis regarding the movements of

larvae and fry may be proposed from the known
distribution of Lhe immature fish and from the greater
information available regarding areas of settlement of
cod fry. The southward moving Labrador Current swings
to the righl and the young of Greenland halibut and cod
are led toward the shelf and coastal slopes and into the
deep bays of the eust coast of Newloundland. Because it
swings toward the coast, the inner colder portion of the
Labrador Current extends deeper near the coast and in
the cast coastal bays and over the inner part and deep
holes and channels of the great pocket of the Northeast
Newfoundland Shelf lying between Cape Bauld and Cape
Freels (Smith et al., 1937: Templeman, 1967). Here, and
in the deep Newfoundland bays, Greenland halibut are
especially abundant for their southern location, com-
pared with, for example, the slopes of the Grand Bank m
the same latitudes.

Divisions 3K and 2], where the largest offshore
commercial catches of Greenland halibut are taken,
contain very suilable areas for this fish. The wide
continental shelf in these divisions is interspersed with
channels and deeps in most of which, and in the adjacent
deep coastal hays, the bottom temperatures of the deep
water are lower than those of the same depth at the
continental slope (Smith et ol., 1937, fig. 91 P2; Temple-
man and Fleming, 1963; Bailey, M5 1958.) The deep
water of Bonavista and Trinily bays in 3L is a natural
extension of the decp coastal cold waler area ol 3K and
it is likely that most of the mature Greenland halibut
from these bays migrate to the continental slope of 3K
or farther northward to spawn. There are additional
populations of Greenland halibut north of 2j and 3K Lo
assist in supplying larvae for these divisions. The angular
shape of the western and southweslern coastal boundary
and coastal shelves, with their extension eastward along
the relatively shallow waler of the northwestern Grand
Bank, presumably create surface and especially effective
deeper water eddies belween southern Labrador and the
northwestern Grand Bank which help to retain the larvae
and especially the larger [ry as they sink deeper. The
coastward set of the main currents assists in  this
retention. The slightly higher temperatures and the
greater depths at the continental slope in 2] and 3K and
to the northward provide suitable conditions for
spuwning. The shallow southern boundary of the Grand
Bank and the relalively shallow Avalon Channel tend
also to reduce the dispersal of the immature fish
southward bevond Trinity Bay (Smith et al, 1937:
Templeman, 1966, figs. 9 and 10; Templeman, 1967).
South of Trinity Bay and around the Grand Bank and
Flemish Cap there 15 no large arca with sufficiently low
temperatures at Greenland halibut depths to be suitable
for large populations of this fish in the commercial
sense. Beeause of the by-catch nature of much of the
offshore fishery [or Greenland halibul, areas northward
of 3K and 2] have apparenlly not yet been fished as
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heavily as these divisions [or this species, apart from 2G

in 1971,

The small quantitics of Greenland halibut in the
Gulf of St. Lawrence are related to the favourable
presence of an intermediate cold layer below 0°C, bul
limited by the shallow depth of the cold layer which is
unfavourable. Tn the Gulf, water temperatures as high as
2°C usually oceur close to or above 150 m and at less
than 200 m (Lauzier and Bailey, 1957) and the 0°C or
lower layer stll shallower. Also, the bottom area of deep
water at these temperatures is not great, being mainly at
the sides of the deep channels.

It is concluded from the evidence presented that
Greenland halibut are most abundant where there is a
large area of deep, moderately cold water for the life of
the fry to immature and maluring stages in the general
vieinity of slightly warmer deep water into which the
malure fish migrate for spawning.

Addendum

After the completion of the [oregoing paper,
provisional statistics for 1972 became available in
ICNAT Summary Document 73/17 by the Assistanl
Executive Secretary. The total landings of Greenland
halibul from the ICNAF area for 1972 were 34,776

tons, taken from Subareas 1 - 5 in the following

tonnages: 3,937; 12,522; 17,613, 702; 2. The landings
increased from the 29,000 tons laken from the
Northwest Atlantic in 1971 but were below Lhe peak
landings of 40,000 tons in 1969 and the 39804 tons of
1970. Landings increased in Subarea 1 by about 900
lons, in Subarea 2 by 2,300 tons, in Subarca 3 by 3,200
tons, and in Subarca 4 declined by about 280 Lons. If
there were landings from the Baffin Island area for 1972
{unknown to me at present) they are additional, because
the data quoted for 1969-71 include small landings by
the USSR from off Baffin Island.
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Age and Growth of the American Plaice, Hippoglossoides
platessoides, off Cape Breton Island
in ICNAF Subdivision 4Vn

By J. P. Minet!

Abstract

Investigations in 1970 and 1971 on American plaice, Hippoglossoides platessoides, off Cape Breton Island in ICNAF
Subdivision 4Vn reveal that they grow slower than American plaice in the Gulf of Maine and on the southern part of the
Grand Bank, but faster than the stock on St. Pierre Bank. Their growth pattern is very similar to that observed for plaice
on the Magdalen Shallows area of the Gulf of St. Lawrence. These differences and similarities are discussed in relation to

the prevailing hydrological conditions.

Introduction

The American plaice, Hippoglossoides platessoides,
is an Arctic-boreal species of the Northwest Atlantic.
It is found on most parts of the continental shel{ rom
Cape Cod, USA 1o the latitude of Egedesminde, West
Greenland (680.30'N). However, the most important
concentrations are found on the banks around New-
foundland (especially on the castern Grand Bank}, in the
Gulf of St. Lawrence, and on the offshore banks of Nova
Scotia, and landings from these areas have more Lhan
tripled between 1960 and 1970, with Lhe tolal landing
from ICNAF Subareas 2, 3, and 4 in 1970 being 111,000
tons. The fishery on that part of the Scotian Shelf to the
cast of Cape Breton ldland (ICNAF Subdivision 4Vn),
from which the material for this paper was obtained, is
relatively small with a calch of 2,000 tons in 1970
compared with a yield of 8,000 tons from the Scotian
Shelf as a whole.

Previous research on the age and growth of the
American plaice has been reported by Powles (1965) for
the Gulf of St. Lawrence (ICNAF Division 4T), by Pitt
(1967) for the Labrador and Newfoundland banks
(ICNAF Subareas 2 and 3), and by Lux (1969) for the
Gulf of Maine (ICNAF Subarea 5).

Materials and Methods

The material for this study was collected on two
cruises by [STPM research vessels, the Thalassa in April
— May 1970 and the Cryos in May 1971. Both stern
trawlers used the same type of bottom trawl with 31.2 m

headline, 17.7 m groundrope, 140-mm mesh in the
wings and body and 50-mm mesh in the codend. Trawl
hauls were of 30 minutes duration each. The locations of
trawl hauls are shown in Fig, 1.

From catches taken at the various stations, 3,612
individuals were sexed and measured (total lenglh to the
cm below) in 1970 and 2,734 in 1971. In addition, at
certain stations, 550 pairs of otoliths were taken in 1970
and 445 pairs in 1971, as well as the individual weight of
782 fish in 1970 and 442 in 1971, for age-length,
length-weight and age-weight studies.

Method of age determination

Research by Powles (1965, 1966) and by Pitt
(1967) has established that age determination of
American plaice by otolith reading is valid. Ages were,
therefore, determined by the microscopic examination
of otoliths which were preserved dry in envelopes. Most
of the readings were done with a X 20-powered binocular
microscope, using transmitted light, by counting the
number of hyaline rings on the whole otolith, as
described by Powles (1965). In order to reduce the
errors in estimating ages of older fish from otoliths
whose outer rings are very close together, the readings
were made from otoliths cul in half, mounted in
modelling clay and kept wet with ethyl alcohol, using
reflected light, as deseribed by Pitt (1967). Since the
samples were taken in the latter part of the spawning
period, which is March — May in Subdiviston 4 Vu, the
number of rings counted was considered to be the age of
the fish and no adjustment of the readings was
necessary.

Uinstitut Scientifique et Technique des Péches Maritimes, (ISTPM) St. Pierre and Miquelon, ¥rance.
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Fig. 1. Positions of stations occupied in ICNAF Subdivision 4 Vn.
O 4 — samples for sex and length, 1970 and 1971 respectively:
® A _ sumples for sex and length, otoliths and weights of individual fish, 1970 and 1971 respectively.

Method of calculating growth curves

As one of the primary laclors in population
dynamics studies, growth was considered by Beverton
and Holt (1957) to be best represented by the von
Bertalanffy growth equation, which has become widely
accepted for use in growth studies in recent years. In this
model growlh in length with age is represented by Lhe
EXPI'ESS]()H

I, = Lo |1 —e K (i=t0)}

where [, is the length at age ¢ (in years), Lo, is the

theoretical maximum length, K is a constant expressing
the rate of change in length with respect to age, and {, is

the theoretical age al zero length. The parameters of this
equalion were caleulated by the Walford (1946) method.

The representation of growth in weight {weight-
age relationship) is given by the expression

Wo=W [l e %G todn

t

where W is the weight at age ¢ (in years) W, is the
theoretical maximum weight, K and t, arc Lthe same as in

the length-age equalion above, and n is the exponent in
the weight-length relationship

W, =qL,".

Values of n and q, as determined from the weight-length
data, enable the calculation of W, from the cqualion

Weoo = gLoo", given a value for L.
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Fig. 2. Length and year-class distribution of the American plaice, Hippoglossoides platessoides, in relation to sex and vear. (N =
number of fish measured; n = number of otoliths read.)
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Results little change in the stock structure between the 2 vears,

with most of the fish ranging between 20 and 40 em in

Distribution of length and year-class length and between 3 and 12 years of age. The
frequency distributions for males have a more pro-

The lengih and age compositions of American nounced peak and a considerably narrower lengih range

plaice sampled in 1970 and 1971 (Fig. 2) indicate very than those {or females.
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Fig. 3. Linear growth curves for female and male American plaice, Hippoglossoides platessoides, in Subdivision 4Vn, based on
1970 and 1971 data.
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The length range of males (12-54 cm) was
essentially the same in 1970 and 1971 with modal
lengths at 28 and 26 cm respectively. The age groups
represented in the samples ranged from 2 to 22 vears, Of
the important year-classes, that of 1964 (age-group 6)
was dominant in 1970 while the 1966 year-class
{age-group 5) was more abundani than any other in the
1971 samples.

For females, also, the length ranges in 1970 and
1971 were about Lhe same (10-72 ¢cm) with rather less
pronounced modal groups between 24 and 30 cm. The
age groups represented ranged from 2 to 27 years, The
1964 year-class (age 6 in 1970 and age 7 in 1971) was
dominant in both years, followed by the 1966 year-class,
The 1959 year-class, which was the most abundant of
the older age-groups in 1970, declined substantially in
importance in 1971; however, the 1968 year-class, which
was completely lacking as 2-year-old fish in the 1970
samples, assumed some prominence as 3-year-olds in

1971.
Growth in length

Bertalantfy growth curves (Fig. 3) were deter-
mined from the data of samples taken in 1970 and 1971
for males and [emales separately, as follows:

=544l —e =010 ¢+ ]']7)] for males,
=780 [1— e 20001100 for females,

‘The difference in growth between Lhe sexes is not only
reflected in the very different l., values but also in the
rate of change in length with age (k).

The growth in length with age is almost identical
for males and females up to 4-3 years of age (Fig. 3); but
thereafter, females grow considerably faster than males.
Thus, males in the area studied attain commercial size
{about 32 ¢m in total length) at age 9, while females
reach this size about a year earlicr.

Length-weight relationship

The exponential relationship between weight and
length for males and females separately (Fig. 4), as
determined from the regression of log W on log L, were
found to be
W = 0.004105 L3117 for males,
W = 0.001881 13923 for females.

Up to about 30 cm in length males and females are very
similar in average weight; thereafter, the rate of increase

in weight for females is greater than that for males.
Although the constant of proportionality (q) for females
in the length-weight equation is less than one-half of that
for males, the contribution to the weight factor by the
larger exponent for females(n = 3.42) is more than

offset by the lower value of ¢ (0.00188).
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Fig. 4. Length/weight curves for male and female American
plaice, Hippoglossoides platessoides, in Subdivision 4Vn
(n = total number of individuals measured and weighted.)

Growth in weight

Curves of growth in weight at age (Fig. 5) were
determined, using the parameters of the age-length and
length-weight relationships, as follows:
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Fig. 5. Ponderal growth curves for male and female Amcrican plaice, Hippoglossoides platessoides, in Subdivision 4Vn,
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Fig. 6. Comparison of growth curves of American plaice, Hippoglossoides platessotdes, in areas adjacent to Subdivision 4Vn,
(Data for Gulf of St. Lawrence are from Powles, 1965; those for St. Pierre Bank and Southwest Grand Bank from
Pitt, 1967.)
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Wt = 1436 [1 —e —0.10 (¢ + 1-17)]3'”4 for males,

W; = 5663 [1 — o —0.06 (1 + 1.16)]3.423 for females.

The difference in weight at age between the sexes starts
to become apparent al about ages 9 and 10 and increases
Ltherealler, with the asymplotic weight (W ) for [emales
being nearly four times that for males,

Discussion and Conclustons

In their studics of the American plaice, Hippoglos-
suides platessoides, Pitk (1967), Powles {1965) and Lux
(196Y) have shown thal males and females differ
considerably in growth. Similar differences are prevalent
for American plaice of the Cape Breton Tsland area
(ICNAF Subdivision 4Vn). Up to about 4-5 years of
age, Lhe growth rate of males and [emales is cssentially
the same, but at older ages females grow fasler than
males. The main reason for this is that males reach
sexual malurity at a considerably earlicr age than
females, e.g. males matore at 4-5 years of age when they
are about 22-23 cm in length, whereas females are
generally older than 8 years of age and greater than 30
cm in length before they begin to mature sexually.
Therefore, in the years following sexual maturily the
growth rale [or males is less than that for females due to
Lthe partial utilization ol energy in the development of
sexual products by males at the expense of growth in
size.

A comparison of growlh curves for American
plaice in different arcas of the Northwest Atlantie
indicates Lhal in the Cape Dreton Island area their
growlh is considerably slower than that described by
Lux (1969) for the Gull of Maine and faster than that
observed by Pilt (1967) for the Labrador Shelf. Such
differences can be regarded as normal considering the
hvdrological conditions of the areas in question. Instead,
it is more interesting to compare the results of this study
wilh those of adjacent areas: Gulf of St. Lawrence, St,
Pierre Bank, and Southwest Grand Bank (Fig. 6).

The growth of American plaice off Cape Breton is
very similar to that observed by Powles (1965) for plaice
on the Magdalen Shallows area of the Gulf of St.
Lawrence, but it i¢ faster than that observed by Pitt
(L1967} for plaice on St. Pierre Bank. However, the
growth of plaice of Southwest Grand Bank is con-
siderably faster ihan that described for the above-
mentioned areas.

The similarity in growth of American plaice from
the Gull of St. Lawrence and off Cape Breton Island is
readily explained by the similarity of hydrological
conditions of the two areas, particularly waler tempera-
ture, the Cape Hreton Shelf being washed by walers
flowing from the southern part of the Gulf of St
Lawrence (PHerrou and Minet, 1971). The Si. Pierre
Bank area, on the other hand, is under the influcnce of
relatively colder water of Labrador Currenlt origin which
flows around the southeast corner of Newfoundiand and
westward over St. Pierre Bank. The American plaice
stock on the soulhwest slope of the Grand Bank is
subjected Lo more temperate water of Atlantic origin.
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Otolith Structure and Growth in Northern Sand Lance,
Ammodytes dubius, from the Scotian Shelf

By J. S. Scott!

Abstract

The otolith of nerthern sand lance, Ammodytes dubius, first forms in the post-larva at mean fish length about 2.4 em
in the Western-Emerald Banks area of the Nova Scotia Banks, During growth in the juvenile it first shows fine growth rings
and later shows alternating narrow hyaline and opaque zones which may represent daily and fortnightly prowth
increments, respectively. Its form changes from disc-like to irregularly ovate and deposition of opague material leads to
formation of the opaque nucleus by the end of its first summer. Summer growth in later years is represented by opaque
annuli, length frequencies of which were used in conjunction with otolith length/fish length relationships to produce
back-calculated otolith and fish growth curves. The back-calculated fish growth curve for the Western-Emerald area fell
well below the curve calculated from empirical values, Growth curves from Western-Emerald and Banquereau areas of the
Nova Scotia Banks confirm observed differences in maximum fish lengths between the areas and indicate that differences
are due to different growth characteristics, probably related to mean bottom temperatures.

Introduction

In considering the morphometrics of Ammodytes
from the east coast of North America, Richards et al.
(1963) noted that adult northern sand lances with high
meristic counts were longer on the whole than adults
with lower meristic counts from further south. This
generalization holds good for inshore southern lance, A,
hexapterus, and for comparison between A, hexapterus
and northern offshore lance, A. dubius. In contrast,
however, observations on samples from Nova Scotia to
Greenland indicaled that, on the whole, A. dubius
decreased in length from south to north. Exceptionally
large fish were found on the Southwest Nova Scotia
Banks, smaller fish on the northeast part of the banks
and off Newfoundland and Greenland (Seott, 1968),

Length differences hetween fish samples may be
due to several factors but principally inadequate
sampling, length segregation of the fish within the area
sampled, or different growth characteristics in the
populations sampled. Persistent differences in observed
lengths of A. dubius between areas (Seott, 1972)
indicated that the first two factors were not responsible.
Growth characteristics were therefore examined.

Age-estimation of European sand lances has been
investigated by several authors (Macer, 1966; Reay,
1972} but, except for Scott (1968), there is no record of
work on ageing of North American sand lances. In

common with the European species of Ammodytes, age
estimation in A. dubius is dependent on interpretation
of growth structures in the otolith since scales show less
well-delined growth patterns. Accuracy of estimates
from otoliths depends on clarity of zones, which varies
between species and areas, and on time of zone formation.
In a previous study of A. dubius growth (Scott, 1968)
some 40% of otoliths were rejected as unreliable, mainly
because of difficulties in interpreting their central
structure. Material from juvenile A. dubius has made
possible the examination of early otolith growth,
revealing detail of the central struclure of the otolith,
including zone formation and fine structure similar to
that which Pannella (1971) identified as daily growth
increments in Silver hake, Merluccius bilinearis. Recent
fish samples from the Northeast Nova Scotia Banks
enabled comparison of otolith and fish growth to be
made between the Northeast and the Southwesl Nova
Scotia Banks. The results serve to assess the validity and
probable source of observed differences in fish size
hetween the two areas.

Material and Methods

Adult A. dubius were taken by bottom trawls with
fine mesh (1/4 inch) codend liner at various times and
places on the Nova Scotian Banks from 1968 to 1972.
Juveniles were obtained mainly from stomachs of Winter
flounder, Pseudopleuronectes americanus, caught on

lDepartment of the Environment, Fisheries and Marine Service, Biological Station, St. Andrews, New Brunswick.
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Southwesl Nova Scotia Banks in July, 1972, Represent-
ative samples of adult A, dubius and Winter flounder
were quick [rozen in polythene bags immediately after
capture, refrigerated, and later thawed for laboratory
examination. Comparison ol length frequencies and
mean lengths of & number of adult 4. dubius samples
before and after freezing indicated that effects of
freezing  were varable, causing shrinkage in some
samples, lengthening in some, no cffect in others, with
no apparent correlation with length of storage. The
average resull was a shrinkage of about 1% which was
considered negligible for present purposes. In length
frequency and age estimations, total length of both
juvenile and adult A, dubius to the nearest millimetre
was recorded.

The juveniles {rom Winter flounder stomachs were
exceptional in that the majority were virtually unaf-
fected by digestion. They were readily identified and
measured, and otoliths obtained from individuals. Partly
digested juveniles and detached otoliths had previously
been found in American plaice, Hippoglossoides platess-
oides, from the same general arca but were unusable;
frec juveniles, caughl by trawl, were of limited use only
as they were preserved in formalin which atlacked the
otoliths. These occurrences confirmed the locality in
which the Winter flounder were feeding on the juveniles.
l.engths were recorded of 237 well-preserved juveniles
which were taken from the stomach of Winter flounder
and ranged from 3.5 to 7.2 cm in length.

68° 66° 64°
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Otoliths were removed from the juveniles obtain-
ed from the stomachs of the Winter flounders and from
trawl — caught adults and were preserved in 50%
glycerin m water with thymol to prevent mould. They
were examined and measured in 100% glycerin under a
stereomicroscope. Measurements were recorded in eye-

piece units (EPU); 1 EPU = 0.07 mm.

Photographs and measurements of fine siructure
were made from material mounted in glycerin or Canada
balsam, withoul coverslip, using a binocular microscope
wilh screw micromeler eyepiece and photo tube. A few
ololiths from adulls were ground on their longitudinal
median planes on 4 carborundum wheel to expose
central structures. All drawings of otoliths were made
with a camera lucida atlachment and with the anterior
end, as oriented in the (ish, pointing to the top of the
page and the proximal surface (flat or concave) facing
upwards,

The term “band™ is used here to describe opaque
zones in Lhe central part (nucleus) ol the ololith;
“annulus” to describe similar but much wider zones
surrounding the nucleus. Both hands and annuli consist
of groups of “rings” formed of material which varies
seasonally in composition and rate of deposition.

Juvenile otoliths were extracted from 10 in-
dividuals in each 0.5 em length group in the length range
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Fig. 1. The Scotian Shelf, with ICNAF Divisions.
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3.5-6.9 cm and from the one individual (7.2 cm) found
in the 7.0-7.4 ¢m length group, a total of 71 fish.

Adult A. dubius material comprised 943 otoliths
and respective fish lengths from Emerald-Western area
(Southwest Nova Scotia Banks) and 1[40 from Ban-
quereau (Northeast Nova Scotia Banks) (Fig. 1). Total
otolith length and outside long diameter of each opaque
annulus, annular length, (Fig. 2} were recorded for one
of each pair of otoliths. Annular lengths were designated
by the letter I. and numbered consecutively from the
nuclens (L, ) outwards. Annuli subsequent to Lg were
often detectable only al the side of the ololith and their
diamelers were calculated by interpolation between
last-measured annulus and total length of otolith. This
agsumed approximalely equal growth intervals, as would
be expected from the estimated growth curve for fish
older than 4 years (Scott, 1968). Length-frequency
distributions were prepared for fish, otoliths and otolith
annuli (annular T/F). Mean annular lengths were derived
from annular T/F distributions and, using relationships
between otolith length and fish length, were used to
convert annular lengths to fish lengths-at-age from which
growth curves were prepared. This technique permits
cstimation of growth of younger fish than were included
in samples of adult A. dubius.

Length

Total

Fig. 2. Ammodytes dubius otolith showing notation for mea-
surement of annular (1.1-L4) and total lengths, Semi-
diagrammatic.

Results

Otolith structure

The smallest otolith found, in a fish 3.8 em long,
was a clear dise 0.2 mm in length, convex on the distal
side and flat on the other, with a small protrusion at the
anterior margin (Fig. 3a). No zoning was evident under
the stereomicroscope, Under high power, the anterior
protrusion appearcd as the external margin of an
irregular wedge of optically-denser material than the rest
of the otolith (Fig. 4). With increasing ololith size (Fig.
3a-¢} the protrusion became more obvious, the otolith
outline more irregular and a crescentic outgrowth of
material appeared at the posterior margin. It was at this
stage, corresponding to fish length about 4.5 mm, that
the first indication of deposilion of opaque material
appeared as a well-defined band in the poslerior crescent
and irregular cloudiness al the anterior end of the
otolith. Further otolith growth was correlated with
inereasing irregularity of form, change from sub-circular
to ovate outline, and spread of opucity from anterior
and posterior extremities lowards the midsection (Fig.
3f-h). This was associated with formation of hyaline and
opaque bands.

Finer structures in otoliths of the length range
0.30-0.41 mm could not be distinguished clearly enough
to make measurements of Lthe conslituent parls of the
bands possible. Fxamination of the smallest otoliths
under high magnificalion revealed the presence of hin,
concentric growth rings (Fig, 4) similar to those which
group to form annuli as the otolith develops (Hickling,
1931; Pannella, 1972). Counts of ring diumeters in eight
otoliths from fish 3.8-3.9 em long gave ring numbers 64,
09, 74, 79, 71, 70, 00, 72, averaging 70. (In regions of
the otolith where rings could nol be clearly distin-
guished, ring numbers were interpolated on the basis of
ring intervals in adjacent zomes) Rings were not
distinguishable in adull otoliths by the techniques used
for examination.

Although there were ill-defined indications of
banding in the anlerior part of the otolith, the posterior
part showed clear, well-defined bands of vpaque material
separated by narrow hyaline bands {Fig. 3h). The
number of bands was correlated with the size ol the
okolith, ranging from a single opaque band in ololiths
about 0.4 mm long to 6 opague bands in ololiths about
0.9 mm long, ie. in fish of length 45 to 6.7-6.8 cm
respectively. Increasing opacily with increasing size of
otolith made band determination in the nucleus of larger
otoliths difficult — bands were barcly discernibie in the
otolith from a fish 8.6 cm long (Fig. 3i), not part of the
samples considered here,
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Fig. 3. Change of form and formation of zones with growth in otolith of Ammodytes
dubius. a-d: semi-diagrammatic, ej: drawn with camera lucida; a-: juvenile ololiths
at fish lengths 3.8, 1.0, 4.2, 4.4, 4.5, 5.2, 5.0, 6.7, 8.6 cm; J: central structure

(nucleus) of aduit,

Q0imm

Fig. 4. Otolith from juvenile Ammodytes dubius showing concentric growth
rings and anterior wedge.
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The bands occurred at regular intervals. In 10
specimens measured, the average distances (mm) of
outer edges of opaque bands from the centre of the
otolith (ranges in parentheses) were: 0.20 (0.19-0.21),
0.25 (0.24-.0.26), 0.31 (0.30-0.32), 0.36 (0.32-0.38),
0.40 (0.37-0.41).

The structure of the adult otolith comprised a
generally opaque nucleus with fine banding 4s described
for juvenile otoliths above. Typically, this was succeeded

by alternating hyaline and opaque annuli of diminishing
width and clarity (Fig. 5). Examination of the central
struclure of a section of an otolith from an adult A.
dubius (Fig. 3j) showed concentric features represenl-
ative of the different growth phases shown in juvenile
otoliths. The centre of the nucleus was a clear disc,
slightly smaller than the smallest otolith found in
juveniles. This was surrounded by increasingly irregular
growth zones, similar in form to the outlines of juvenile
otoliths of corresponding size.

1 mm

Fig. 5. Age 3+ otoliths irom (a) Emerald Bank (b) Banquereau showing differences in size, and clarity and
diameters of annuli.

Although quality of zoning in adult otoliths varied
greatly both within and between samples, in general,
otoliths from the northeast part of the Scotian Shelf
showed bhetter-defined and clearer annuli than those
from the southwest (Fig. 5). The Emerald Bank
specimen 15 also larger with larger corresponding annuli
than that {rom Banquerean, illusirating the difference in
otolith growth between the areas.

Otolith annular lenglhs from the two areas were
compared by examining annular length-frequency dis-
tributions of samples from Emerald Bank and Ban-
quereau (Fig. 6) and mean values of successive annular
lengths for all samples combined from Emerald-Western
Banks and Banguereau (Table 1). These criteria were
similar for Emerald Bank and the combined Emerald-
Western area, so otolith characteristics of fish from the
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two areas were regarded as identical for purposes of
comparison with Banguercau.

TABLE 1. Mean otolith annular lengths and corresponding
back-caleulated fish lengths for A4, dubius from
Emerald-Western and Banquereau areas of Nowva
Scotia Banks, I. — mean annular length (mm), I -
hack-caleulated fish length (em).

Emerald-Western Bangquereau
Annulus L ! L. !
1 1.3 8.0 0.9 5.4
L; 2.0 13.5 1.6 10.5
1 2.6 19.0 2.0 13.5
Ly 2.9 21.5 2.2 15.3
Ls 31 24.0 2.4 17.0
Lg 3.2 26.0 2.6 18.2
Lo 3.4 27.8 2.6 18.7
Lg 3.4 278 2.7 19.1
Ly 3.5 28.2 28 198
40
Banquereau

Frequency
[~
]

<

S 1 1

aQr
g 40 Emerald
2 20 Baonk
(=
0 7 - — T P |
10 20 30 40 50 60

Annular Length (EPU)

Fig, 6. Otolith annular length.frequency distributions from
Banquercau and Emerald-Bank areaz of Nova Scolia
Banks (! EPU = 0,07 mm).

The comparisons confirmed that otoliths of A.
dubius from the Emerald-Western area attained greater
maximum length, with greater diameters of respective
apaque aunull than dld A.
Banquerean.

dubius ololiths from

It was dilficult to determine the time of formation
of opaque zones from the nature ol the otolith edge,
especially in the thin edges of older otoliths. From most
reliable samples, percenlage occurrences of opaque as
opposed to hvaline edges were found to vary in different
months (Table 2) with highest proportion in summer,
lowest in winter.

Results indicated that, in mature A. dubius,
hyaline are winter and opaque are summer growth zones,
as is usual in Northwest Atlantic fishes. Fach opaque
annulus was therelore assumed to represent a summer’s

TABLE 2. Monthly percentage occurrence of opaque edges in
otoliths of A. dubius from Southwest Nova Scotia
Banks. (numbers examined in parentheses.)

Percentage with

Month opaque edge
February  {100) ]
March (50} 0
May (31) 100
July (40 100
August (42) 93
November  (60) 17

growth, and successive opaque annuli successive years
growths. Change from deposition of opaque zones Lo
hyaline zones is a gradual transformation in a fizh
population. In A. dubius most of the change takes place
between August and November, so October was taken as
the terminal month for formation of opaque zones for
estimation of age in adult A, dubius.

Growlh

The relationship of otolith length to fish length for
A. dubius from Emerald-Western and Banquereau areas
(Fig. 7A) did nol vary between areas, bul the ratio
otolith length/fish length decreased from juvenile to
adult. Extrapolation from juvenile data from Weslern
Bank (Fig. 7B) indicaled that time of first formation of
the otolith was when the fish was about 2.4 em long and
the nuceus (L;), representling [irst summer™ growlth,
corresponded to mean fish length about 8.3 cm.

A major difficulty in identifying annuli lay in
delermining which annulus represented the second
summer’s growth. The centre of the adult otolith was
surtounded by a number of opaque and hyaline zones
between the nucleus and the regular opaque zones
identified as annual summer growth annuli. Examination
of otoliths of 14 fish in the 12.0-17.0 em length range,
caught in August 1967, showed that each had a wide
opaque margin inside which was a well-delined hyaline
zone. Between the latter and the nucleus (L) was a
series of opaque and hyaline zones of varying width and
claritv. Mean otolith length was 2.2 mm d[ld mean [ish
length 3.6 em. Allowing [or additional growth between
time of caplure (August) and end of the summer growth
period (October), these lengths accord well with annulus
length 2.6 mm at back calculated fish otoliths by its
clarity, was assumed to represent second summer’s
growth and was labelled Ly, Succeeding opague annuli
from the centre were assumed to otoliths by its clarity,
was assumed Lo represent second summer’s growth and
was labelled L,. Suvcceeding opague anuli from the
centre were assumed to represent succeeding summers’
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Tig. 7. Relationship of otolith to body length in Ammodytes dubius. A. Mean otolith length against mean
body length per 1 cm fish length group for Western-Emerald and Banquereau areas of Nova Scotia
Banks (numbers of fish sampled in parentheses). B. Scatter diagram for juveniles from Western Bank.

growths. On this basis, otolith growth curves were
constructed for A. dubius from the Emerald-Western and
Banquereau areas (Fig. 8). They indicate a considerable
difference in A. dubius otolith growth rates between the
Lwo areas.

The fish length corresponding to the diameter of
each annulus (Table 1) may be read from the otolith
length-fish length curve (Fig. 7A) and plotted against a
time scale to complete the fish growth curve subsequent
to annulus L, The curve so oblained is compared in Fig.
9 to the growth curve derived by Scott (1968) from
convenlional age-length determinations,

A. dubius shows a general trend of decreasing
length from south to north with obvious distinclion
between fish from the Banquereau-Middle Banks arca in
the northeast and the Emerald-Western-Browns Banks
area in the southwest {Scott, 1972). From mean annular
lengths (Table 1) and relationship between otolith length
and fish length (Fig. 7A) for Banquereau material, a
growth curve for Banquereau fish was derived and is
compared to that for Emerald-Western area {ish in Fig.
9. The difference between the curves indicates that A.
dubius from the latter area has a higher growth rate and
attaing a greater maximum length than A. dubius from
Banquereau.
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Fig. 9. Empirical growth curve of Ammodytes dubius from Western-Emerald area and back
calculated growth curves from otoliths from Western-Emerald and Banquereau areas of
Nova Scotia Banks.
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Discusston

The only study of periodicity in line structure of
otoliths appears to be that of Pannella {1971) who
interpreted growth bands i Silver hake, Merluccius
bilinearis, as daily growth increments and their periodic
grouping as representing weekly (7-8 bands), 2-weekly
{15 bands), monthly (29 bands) periods, fast-growth
zones (230-260 bands), and slow-growth zones (100-110
hands). A fast-growth and slow-growth zone combine Lo
give a zone of 330-370 bands representing an annual
cyele.

The present material supports Pannella’s sug-
gestion that duily growth increments may be a universal
feature of fish otoliths. The average number of rings, 70,
in an otolith from fish 3.9 cm long is the same order as
the number of days from time of first formation of the
otolith at fish length 2.4 em to the time the fish attains a
length of 3.9 em, according to the growth curve in Fig.
9. The rings may therefore represent daily growth
increments. Inlervals belween ring diameters did not
show any consistent periodicity similar to that found by
Pannella. but the regular increments in diameters of
opague sones in juvenile otoliths are suggestive of
periodic growth or other periodic physiological change
in juvenles, This periodicity appears to be related to
some short-term phenomenon similar Lo that causing the
basic 13-day cycles in Pannella’s material,

Back-calculated fish lengths-at-age from otolith
zone measurements fell well-below those from empirical
data (Fig. 9). Such differences are not unusual. For
instance, Halliday (1969} found lower values for
back-calculated  compared with empirical values in
Argentina sphyraena and Hickling (1933) found higher
values in llake, Merluccius merluccius. In effect. the
measured annular diameters were not identical with
otolith total lengths at time of formation of the annuli
Resorption, overgrowth, penetration of hyaline by
opague material (Reay, 1972), and refraction may all
contribule to the difference.

Marked differences between Emerald-Western and
Banguercau otolith growth and back-calculated fish
growth are consistenl with observed differences in
maximum lengihs between the two areas. The differ-
cnces are characteristic of the areas, and are not due to
size segregation of the [ish within areas or sampling
crror. They are presumably due to the different
environmental  conditions, principally temperature,
which exist between the areas: mean annual bottom
temperatures, 1938-1968, ranged from 5.18°C in the
Southwest Scotian Shelf, through 4.66°C in the central
part, to 2.25°C on Banguercau (Fisheries Research
Board research cruise data).

Greatest length of A, dubius larva taken in
plankton on the Scotian Shelf during 1968-72 was about
3.5 ¢em in July (Unpublished research cruise data). After
July, larvae were no longer caplured in plankton hauls
(Sameoto, 1971). Length 3.5 em corresponds almost
exactly Lo the length of smallest juveniles (3.8 cm) taken
from Winter flounder stomachs in July 1972, indicating
that the change from planktonic to bottom-oriented
existence occurs when Lhe larva reaches a length of
aboul 3.5 em. The correspondence between maximum
planktonic and minimum demersal lengths indicates that
there is no prolonged midwalcer juvenile phase i growth
of A. dubius. Like the adult (Scott, 1972), the juvenile is
evidently associated with the seabed in suilable arcas,
except possibly when feeding.
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The Selectivity of Polish Large-Mesh Topside Chafing Gear
Made of Thick Netting Yarn

By F. Bucki', W. Strzyzewski’ , and G. Zdziebkowski'

Abstract

Results of investigations with a Polish large-mesh chafing gear made of thick (10-mm diameter) netling yearn of
knotless construction show that its use in regular fishing practice would not reduce significantly the selectivity factor (3.67

with chafer and 3.86 without chafer),
Introduction

The selectivity of fishing gear is essential for the
protection of the younger age-groups of exploited fish
stocks. Therefore, studies on the construction of fishing
gear which combine greal strength and durability with
high selectivity have been pursued by Polish scientists.

Preliminary investigalions on reinforcement of
otter trawl codends and its effect on selectivity were
conducled in 1965 by Streyzewski (1966). He showed
that a codend covered by topside chafing gear with a
mesh size twice that of the codend itself gave a selection
factor only 3.8% less than that for unprotected codends.

Later investigations of the effect of large-mesh
chafing gear by Trescher and Naumov (1967), Bohl
(1967), Holden and Jones (1967), and Monteiro (1968)
supported these findings.

However, the Polish commercial fisheries
demanded a stronger chafing gear of the same type. Nets
were continnally bursting when hauled because the
material of the chafing gear was too weak Lo withstand

the forces acting on it. This stimulated a further search
for means of strengthening the codend. Unfortunately,
malerial which would make codends strong enough not
to require chafling gear was nol yet availahle. Thus, the
solution lay in strengthening the Polish large-mesh chafer
while retaining the highest possibie selectivity of the
codend. The possibilily of using thick netting yarn and
eliminating the knots in the manufacture of the chafer
and tesling its selective effecl was considered.

Selection experiments using a knotless Polish
chafer made of 10-mm diam netting yarn were carried
out in 1967 (Bucki et al., 1908). The codend was made
of double braided netling twine of 3.5-mm diam. The
selection factor obtained was comparatively high (3.71)
and further experiments were considered necessary to
obtain more data,

The selection experiments reported here contlinue
the 1967 experiments on a larger scale. Selectivities of
(i) unprotected codends, (ii) codend reinforced with a
Polish large-mesh chafer made of the same netting yarn
as for the codend, and (iii} codend with a chafer made of
nelling yarn of J0-mm diam, were compared.

TABLE 1. Specifications of codends and chafers investigated.

Codend
A Ay B B, C Cy
Codend:  mesh size (mm) 108.8 128.3 111.3 126.9 108.8 125.9
braiding double double double double double  double
nominal diameter
of netting yarn {(mm) 3.50 3.50 3.50 3.50 3.50 3.50
Chafer: mesh size (mm) — - 223.0 253.0 216.0 250.0
braiding - —  double double single single
nominal diameter
of netting yarn (mm}) — — 3.5 3.5 10.0 10.0

!Sea Fisheries Institute, Gdynia, Poland.
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Materials and Methods

The investigations were carried oul on hoard M/T
Apus, a stern trawler 82.0 m long of 2,824 gross tons
and 2400 HL.P., using its regular commercial trawl in
ICNAF Division 2] from 11 to 18 February 1970. The
codends of the trawl could be removed and replaced
according to the requircments of the program. For the
experiments they were provided with covers made of
twine | .8-mm thick with mesh size (lumen) of 40 mm,
Selective cover was attached to the upper part of the
codend, thus leaving free space for fish, The specifica-
tions of the codends used for invesligation are given in

Table | and in Fig. 1.

The characteristics of the netting yarns from
which the codends and their chafers were made are given
in Table 2.

The chaler covered lwo-thirds of the length of the
codend and was [astened according to Bohl’s (1967)
proposal and ICNAF recommendation {1969).

The mesh was measured with an 1CES guage under
a load of 4.0 kg. Thirty such measurements were made
after each haul.

The duration of the haul was from the moment
Lthe shooting of the warps was completed until the
moment they were hauled back on deck.

The observations were carried oul both day and
night between L1 and 18 February 1970 on the fishing
ground within the coordinates 53715'N-54°15'N and

053°45'W-033°20'W and 053°00'W.

TABLF 2. The characteristics of the netting yarns used for the codends and chafers,

Codends ALA ;BB C.C,

Chaters
Chafers B,B, G, C,

Material Polyamide Polyamide
R tex (g/1,000 m) R 7,500 tex R 47,000 tex
Runnage (m/kg} 133 21
Construciion twisted twisted
Wet knot breaking load (kg) 173.0 974.5
Diameter {mm} 3.46 10.8
Elongation at half the wet

knot breaking load (%) 24.4 23.6

Table 1 shows that the six variants of codends
used for the experiments consisted of three each of two
different mesh sizes. The primary netting material for all
six codends was doubic braided netting yarn 3.5 mm in
diameter, Chalers of the B and B, variant were made of
the same double braided netting yarn 3.5 mm in
diameter as their codends, whereas the chafers of the G
and C, variant were made of single netling yarn of
10-mm diam,

The meshes of the chafers made of 10-mm netting
yarn were knotless. This increased the filtration area of
the mesh openings as compared to chafers with knots.

The nelling yarn used in making both codends and
chafers had almost the same elongation, 24.4% for the
netting yarn of 3.5-mam diam and 23.6% for the yarn of
10-mm diam. For the netting yarn of 3.5-mm diam, it
was 24.4% and for the cord of 10 mm, 23.6%. The

manner in which the chafer was attached to the codend
is shown in Fig. 1.

Dring the investigation, length measurements
were made on 88868 cod and girth measurements on
629 individuals. The measurement of girth was made
using a measuring tape slighlly adhering to the fish body.
On the basis of these measurements the relationship
between length (L) and girth (G} was established as G
0.5049 L.

Results

There were dilferences between selection lactors
obtained from particular hauls. These were probably due
to the large variation in size composilion of the in-
vestigated stock of fish,
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TABLE 3. Selection factors obtained from particular hauls with different codends,

Number
Codend of .
variant hauls Selection factors obtained
A 8 3.53; 3.51; 3.75; 3.83; 3.92;
4.10; 4.17; 4.33.
A 7 3.25; 3.31; 3.39; 3.50; 3.59;
3.60; 3.71.
B 3 3.01; 3.61; 3.76; 3.92; 4.09,
B, 7 3.20; 3.21; 3.21; 3.36; 3.30:
3.57, 3.70.
C o 3.47; 3.48; 3.04; 3.67; 3.75:
377, 1.78; 3.80; 3.90; 4,17,
C, 9 3.35: 3.30: 3.44; 3.42; 3.55;
3.60; 3.69; 3.7k 3.79,

TABLE 4. Cod selection experiments using six variants of codends in ICNAF Division 2] (53O|5'N, 053°45'W — 053720'W, 053°00'W

— 052”30'W) fron 11 to L8 February 1970.

Codend
A Ay B B, C ¢y

Number of hauls 8 7 3 7 10 9
Duration of a haul (min) 36.0 46.0 1.0 10.0 21.5 11.0
Speed (knots) 4.2 4.2 4.2 4.2 4.2 4.2
Depth (m) 405-4440 380—480 410-430 305440 370-450 390-420
25.75% selection range (em) 18.1 13.8 18.1 17.9 27.4 17.2
Number of cod in selection range

in the codend 4,565 1,468 1,519 2,289 12,954 2831

in the cover 6,313 2,554 1,856 3,239 15117 4,671
Total number of cod

in the codend 7.807 3.062 4,699 4,700 20,810 5,881

in the cover 7.077 8,198 2,110 3,577 15,389 3,158
Weight of the calch (kg)

in the codend 3571 978 2,927 1,859 8,119 3,279

in the cover 1,553 1,079 602 3418 3157 1,212
Mesh size (mm) 108.8 128.3 111.3 126.9 108.8 125.9
Range of the mesh size (mm} 105-113 124.5-134 108-116 120-133 106-112 122-132
Number of measurements 240 (8 X 30) 210(7 X 30) 27049 X 30)  210(7X30) 300000 X30) 270(9 X 30)
50% retention length (cm) 421 44.5 A2.5 42,5 440.1 44.2
Selection factor 3.86 3.48 3.81 3.32 3.67 3.51

Data on the results of observations on six variants
of the codends are given in Table 4. From this the
following selection factors are noted:

Codend variant A (mesh  size,
selection factor 3.86,

Codend variant B (mesh  size,
selection factor 3.81,

Codend wariant € (mesh size,
selection faclor 3.67.

108.8 mm) —
1.3 mm) —

1088 mm) —

If codend variant A (without chafer) is assumed Lo
be the standard for comparison wilth selection [actor
equal to 100, then the selection factor for codend
variant B equals 99 and {or codend variant C equals 95,

Codend variant A, (mesh size, 128.3 mm)
selection factor 3.48,

Codend variant B,
selection factor 3.32,

Codend variant
seleclion factor 3,51,

(mesh size, 1269 mm) —

(mesh zize, 1259 mm)
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Assuming the selection factor for the codend
variant A; to be 100, the selection factors for codend
variant B, equals 96, and for codend variant C equals

101,

It appears, therefore, that the codend variant C,
(mesh size 1259 mm) with knotless chafer, made of
netting yarn 10 mm, showed even higher selectivity than
the unprotected codend variant A ;.

This may be accidental, due to the large range of
sizes of invesligated fish. However, it does point to the
higher filtralion property of the codend variant C,
which was rigged with a chafer of a thicker netting yarn,

From the above data, it appears that the selectivity
remains at a high level when the codend and the chafer
are made ol the netting yarn of the same diameter (3.5
mm) and also when the chafer is knotless and made of
thicker netting yarn (10 mm). These experiments
confirm previous results, obtained from the experiments
conducted in 1965 and 1967. In 1965 Sirzyzewski
(1966) found the selection factor for the unprotected
codend to be 3.92 (100%), while for the codend with
chafer — both made of the same netling yarn — it was
3.77 (96%). From 1967 investigations Bucki (1968)
found the selection factor for the codend protected with
chafer, made of netting yarn 10-mm diam, to be 3.71,
which is even higher than in the present experiments

(3.67).

Conclusions

Resulls of investigations show that, for all
practical purposes, there iz no difference in gear
selectivity between an unprolecled codend and a codend
protected by the Polish chaler.

The difference in selectivity between the knotless
chafer, made of single thick nelting yarn and the chafer

with knots, made of double netting yarn of the same
diameter as in the codend, is negligible. Therefore, it is
possible to use thicker netting yarns for this type of
chafer,

Adherence of Lthe meshes of chafer, made of
thicker netting yarn over the meshes of the codend (bar
of chafer mesh against bar of codend mesh) is as good in
the case of chafer made of netting yarn of the same
diameter as in the codend.
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Studies on Georges Bank Herring in 1970
Introductory Note

By The Editor

USSR scientists have carried oul quantitative surveys on the extent and intensity of spawning on
Georges Bank since 1904, using bottom grabs to sample deposited spawn. These surveys have shown a
progressive contraction in the area of the spawning grounds and in the total number of eggs laid, from
which a corresponding reduction in adult stock size was deduced.

The need for a more direct study. of the spawning grounds by in situ observation has been
emphasized, and plans were made during the summer of 1970 by scientists from USSR, Canada, and USA
to carry out a combined survey during the autumn of that year. The USSR contributed the research vessel
Alferas to carry oul herring spawning studies as in previous years by locating the main spawning grounds,
Canada contributed the submersible Pisces I to observe and study the spawning beds, and USA contributed
the research veszel Albatross IV which carried the submersible and other auxiliary equipment.

Scientists from the participating countries have prepared reports dealing with those aspects of Lhe
project with which each was most concerned. Their reports, whose titles are listed below, are presented on
the following pages (p. 125-162).
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Studies on Georges Bank Herring Spawning in 1970

AL M. Pankratovl and |. K. Sigajev]

Abstract

Spawning studies on (Georges Bank during September-October 1970 indicate that spawning began in early September
and continued for a longer period than in previous years, that the area of the spawning grounds detected was about
one-half the size of those in 1969, and that spawning tends to begin first on the eastern part of the Bank and progressively

later on the western part of the Bank and in the Cape Cod area.

Introduction

One of the main objectives of the third cruise by
SRTM-8006 Alferas {from 12 July to 5 December, 1970,
was to conduct a complex of studies on the intensity of
herring spawning on Georges Bank. The program
included the following steps:

1) The collection of material on the distribution and
hiology of prespawning herring in the northern
part of Georges Bank;

2)  The location of herring spawning grounds;

3)  The estimation of the area of the spawning beds
and of the number of eggs deposited on the
spawning grounds; the study of the character of
ege depositions and survival and of the effect of
predators;

4)  The subsequent distribution of herring larvae on
Georges Bank,

Methods

Material on the distribution, behaviour, and
biology of herring was collected by means of trawl
stations (32.5 m trawl) carried out from the end of
Augost until the end of October. Areas of intensive
fishing for herring by the commercial fleet were mapped
out and echo-sounding surveys of the whole northern
part of Georges Bank conducted.

Biological analysis included length measurements,
determination of sex and maturation stage (by the

8-grade table) and of intestinal fat using the Hjort
criteria; the feeding intensity was recorded and the
Fulton and Clark coefficient of body fat content
determined. Otoliths were tlaken for subsequent age
determination.

The search for herring spawning beds, using a
1.2m drag, was directed towards areas selected as a
result of the first stage of the research program. As soon
as the drag brought aboard hetring eggs with substratum,
an OKEAN - 50 prab was substituted. Sampling then
continued until the whole area of an egg patch was
delimited so that the total number of eggs on one
spawning ground could be estimated. The vessel then
moved to sample another likely area.

Sampling for herring larvae over the spawning
period covered a large triangular area in the northern
part of Georges Bank where herring spawning had been
observed in recent years. In November, the whole area of
Georges Bank and the region west of the Bank up to
Hudson Canyon was surveyved as part of the regular
ichthyoplankton survey,

Larval sampling was carried out using an IKS — 80
net (ichthyvoplankton conical net, with a mouth diam-
eter of 80 cm) towed for 10 min in the surface 1-m
stratum with the vessel circulating at lowest speed.

Results

In the last ten days of August herring were
concentrated on the eastern slopes of (Georges Bank at
depths of 50-100 m. By that time feeding had virtually

! Atlantic Research Institute of Marine Fisheries and Oceanography ( ATLANTNIRO), 3 Dmitry Donskoy Street, Kaliningrad, USSR,



126 ICNAF RESEARCH BULLETIN NUMBER 10, 1973

ceased and intestinal fat had declined to the 0™ stage.
Gonads were in stages 1V and 1V-V. Echo-sounder
surveys showed that the largest concentralions of
spawning herring occurred during September. From late
August Lo early October the prevailing size range was
from 20 o 34 em herring, with a peak 2t 29 cm and a

mean size of 29.5 em. The sex ratio of prespawning and
spawning concentrations was close to 111,

Maturation stages for herring sampled in Seplem-
ber are given in Table I, and Fig. | shows the length
distribution.

TALBE t. Maturation stages of Georges Bank herring, September 1970,

Maturation stage

No. 1 I
fishes
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Fig. 1. Length-irequency distribution of Georges Bank
herring, 1970

According to data collected by Alferas, herring
spawning in 1970 was  prolonged compared with
previous years. [t began in the first 5 days of September
and continued until the end of October. The spawning
grounds were found in the northern part of Georges
Bank al approximately the same locations as in previous
years, Fgg deposition in the centre of spawning beds was
not uniform but formed a discontinuous layer, Also. the
thickness of the egg layver diminished from the centre to
the periphery. The maximum density of eggs recorded
was 244 kgfm2 but samples from the oullines were
much less dense. Egps taken (rom the centre of spawning
grounds had apparently been laid in several layers which
could be casily scparated by washing. Table 2 shows
estimales of egg density for the two spawning beds in

the ecastern part of the area and for one on the weslern
part. The egas spawned on the eastern grounds (Fig. 2)
were developing in homothermal environments at 1:3° 1o
14°C, while on the western sl)awning ground (Fig. 3) the
boltom Lemperature was 117 1o 127C. Eggs throughout
the mass were in the same or similar slage of
development and it may thus be suggested that spawning
takes place over a short period of 2-3 days.

Fgg survival is high. The number of dead cges in
each sample did not exceed 1%.

Pense concentrations of cod which had fed heavily
on eggs were found in the arca after spawn had been
laid, Flatfish, haddock, skates, doglizh and invertebrates
(starfish, sea wrchins, polychaelae, and hermit erabs)
were also i abundance on the spawning grounds.

The estimated lime of spawning wax 10-17
Seplember on the first castern ground, 18-19 September
on the second eastern ground, and 29-30 September on
the western ground, which means that the main body of
the herring spawned within a period of 2 weeks, that is
16-30 September. Eggs on the eastern grounds were
mainly in the second and third stages of development,
while on the western grounds they were in the first and
second stages. Assuming an incubation period of about
150 degree days, the larvae from the eggs on the first
eastern spawning ground would have been hatched on
25-26 September, on the second easlern ground on
27-28 Seplember, and on the western ground on 12-13
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TABLE 2. Egg density (kg}lfm2 )in 1970 on (A) castern spawning
ground No. !'; (B) eastern spawning ground No. 2;
(C) western spawning ground.

Egz
Sta. density
No. Lal Long (kg/m*)
A. Eastern spawning ground No. 1
6 41°53.9¢' 67°14.60' 0.15
7 21754.10' 67°14.50' 9.10
48 41°54.30' 67°15.20' 0.80
49 41 254.26: 67:1 5.1 s: 0.03
50 41°54.21 67°14.97 0.04
51 41°54.10' 67°14.55' 0.90
57 41°54.28" 67°15.18' 0.10
59 41°53.90' 67°15.00' 12.20
60 41°54.00' 67°14.80' 15.50
88 41°54.m’ 67°14,92' 7.30
99 41°54 26/ 67"15.1 7 0.12
97 41°54.43' 67 15.50’ 0.02
100 41°54.2¢' 67 1510’ 24.40
116 41 :53 65: 67014 67: 0.06
117 1°53.65 67°14.80 0.02
118 °53 87’ 67°14.93 0.27
119 41 °53.90' 67°15.00" 18.80
120 41°53.98' 67°15.08' 8.80
132 41°54.12' 67°14.35' 0.02
137 41°53.60' 67°14.96' 0.20
155 41°J4.30’ 67°15.58' 0.04
B. Eastern spawning ground No. 2
3 41°52.33' 67°15.31' 6.40
5 41° 52.10' 67°15.25' 0.20
9 41°52 53" 67°15.10’ 0.75
i1 41°52.53' 67°15.50’ 0.23
15 41°52.40' 67°15.55 2.90
28 41752.10' 67°15.40' 2.60
30 41“’52.12’ 67°15.36' 0.55
C. Western spawning ground
4 21°58. 90’ 67°33.10' 0.70
39 41°58.60' 67°32.50' 2.90
40 41“58 60’ 67°32.60' 6.87
ai 41°58.65' 67°32.70' 0.08

October. To confirm the time of hatching on the first
eastern ground, a subsequent egg sample was taken (in
the fourlh stage of development) and incubation was
completed in Petri dishes and polyethylene jars. Mass
hatching of larvae was observed after one hour in the
water at 16.4°C; the mean length of the newly hatched
larvae was 4.5 mm and the larvae survived for about 1

hr.
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Fig. 2, The eastern spawning grounds.
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Fig. 3. The western spawning grounds.

Estimates  of the herring population which
spawned in this area (Figs. 2 and 3) were made from the
equation (Noskov and Zinkevich, 1967):

A
N
Cx 10
in which
N = size of the spawning population {thousand

tons);

A = abundance of eggs on the spawmng ground
(in numbers);

B = mean weight of herring specimens (grams)

{equal to 200 gm);
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C = 118.000 eggs (mean fecundity):

q = coelficient to account for the number of
males (sex ralio 1:1);

A = DSZ, where

[ = mecan number of eggs in the area,
kg/m?*,

S = area of spawning ground in m?,

7 = mean number of eggs in lkg of

deposited spawn — 300,000,

The arca of the first eastern spawning ground was
1,099,621 m* (1.1 km?), that of the sccond eastern
ground 52644 m?*, and of the western one
299 163 m?. It is caleulated that 9.282, 1.374, and
1.339 thousand tons of herring had spawned on these

. 0
O.‘ . - Qo .
‘ 'p/ i L"‘ Oct 18- 16 9/

PSR i 21

grounds respectively. Observations on the distribution of
herring larvae began on 14 October, by which time larval
hatching on the eastern grounds was completed and was
coming to the end on the western ground. From 14
Oclober, Alferas began a series of six surveys within a
large triangle covering all of the known spawning areas
of recent years. Work in this triangle continued to the
end of October and besides samples of plankton and
ichthyoplankton, water temperatures and waler samples
for salinity were taken at each slation, Larval distribu-
tion throughout the period 14-28 Oclober is shown in
Fig. 4. The flirst surveys in this triangle showed that
hatching was coming lo the end on the western spawning
ground and the following surveys revealed the process of
larvae drifting into the survey area, presumably from
spawning grounds located southwest ol those detected.
Larval size varied between 6-18 mm.
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Fig. 4. Approximate distribution of herring larvae over the triangular survey area, 14-28 October 1970.

Table 3 shows the range of surface and bottom
water temperature for six surveys in the triangle.

The pattern ol herring larval distribution in the
aptumn for the whole arca of Georges Bank, Gulf of
Maine, and American shelf as revealed by the ichthyo-
planklon surveys made during November is given in

Fig. 5.

Biggest larval catches were recorded on  the
north-eastern slopes of Georges Bank. Larval size varied
from 6 to 19 mm. The largest larvae of 23.5 mm were
canght on the Nantucket Shoals and in the area south of
Long lsland.

TABLE 3. Surface and bottom temperatures in the lriangular

survey area.
Water Water
temp. °c temp.
at the at the
October surface bottom
14-16 14.0-16.0 10.0-15.0
16-20 12.0-14.0 10.0-14.0
20-22 12.0-13.6 10.0-13.4
22.23 12.5-13.7 9.0-13.5
24-25 13.0-13.5 9.0-13.4
26-28 12.2.13.4 8.0-13.4
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Fig. 5. Approximate herring larval distribution, November
1970,

Summary

Preliminary  analysis of the resulls of herring
spawning studies on Georges Bank in 1970 shows some
ditferences compared with previous vears. One of thege
is the long duration of spawning which lasted for aboul
2 months. The cause of this phenomenon will probably
become clearer after further and more detailed analysis
ol all the data.

The area of spawning grounds detected by A{feras
appeared to be half the size of those in 1969, Tt may he
suggested that the three detected spawning grounds are
the main ones, since they are located in the same areas as
in recent years and also because the main body of
commercial (leet [ishing for prespawning herring was
{ound only in this area, Tt &= quite possible that, apart
from the spawning grounds deteeted in 1970, there were
other smaller ones, but the search for them would have
entatled additional expense and time.

Observations on herring larvae in the triangle
indicate the existence of herring =pawning grounds west
and south of thoze detected and also confirm the fact
that herring spawning begins in the castern part of the
Bank and gradually shifts further to the west, covering
the area of the northwestern slopes and later the Cape
Cod area.

Reference

NOSKOV. A_ S, and V. N, ZINKEVICIL 1967. Abundance and
mortality of herring (Clupea harengqus 1..) on the Georges
Bank according to the results of eggs counting in spawning
areas in 1964-1066. Annu. Meet. int. Comm. Northuw.
Atlant. Fish. 1967, Res. Doc. No, 98, Serial No. 1397
{mimeographed).







Underwater Observations on Herring Spawning Grounds
on Georges Bank

By J. F. Caddy® and T. D. Iles’

Abstract

Direct observations were made from a submersible on herring spawning grounds on Georges Bank (Subdivision
57e) in September-October, 1970, Egg beds al different stages of development from fertilized eggs to hatched egg residues
were observed, photographed, and sampled. Egg deposition was restricted to level areas of scoured glacial gravel in 50 m
depth, and no eggs were seen on sand or shell gravel. Only a small fraction of the gravel substrates in the area were being

utilized for spawning.

Eggs had been laid in uniform sheets 1-2 em thick with discrete margins, probably at a single spawning. The egg mass
had aiiracted a feeding community of fish and invertebrates, and mortality due to predalion was estimated Lo be 8% within
1.2 days of hatching. Schooling larvae were observed closc to the bottom shortly after hatching. Spawn residues persisted
for at least 10 days alter hatching, and led to local anoxic conditions on the grounds.

Introduction

Studies by scuba on inshore beds in the Gulf of St.
Lawrence (Tibbo, Scarratt, and McMullon, 1963)
showed that in sity methods can be used for surveys of
herring spawning grounds. In September-October 1970,
direct observations were made on offshore spawning
grounds in deeper waler from the Canadian rescarch
submersible Pisces [, carried by the US. research vessel,
Albatross 1V,

Previous Studies

Quantitative surveys of herring spawning heds on
(zeorges Bank have been carried out by Russian scientists
since 1964 (Noskov and Zinkevick, 1970) using dredges
and bollom grabs to sample spawn. These surveys have
shown a progressive contraction in the spawning area
and total number of eggs laid, from which a corre-
sponding reduction in adult stock size was deduced. This
conclusion was substantiated by a joint USA.TUSSR grab
and dredge survey in 1969 (Anthony, Sauskan, and
Sigaev, 1970). In presenting evidence for a declining
stock, Noskov and Zinkevich (1970} drew attention to
the desirability of a more direct study of the spawning
grounds by in situ observation.

Methods
Preliminary survey

Two herring spawning beds were discovered by
grab and dredge from Lhe USSR research vessel Alferas
(Pankratov and Sigajev, 1971) between 200 and 23
September 1970. These authors estimated the dates of
hatching for the northern and southern spawning
grounds as 2526 September and 27-28 Seplember,
respeclively. This agrees well with observations by
Graham and Chenoweth (1971), of large numbers of
early yolk sac lurvae over the northern spawning ground
on September 28,

The northern bed was at lat. 41° 54" N. long. 67°
15' W, and the southern hed at lat. 41° 52.5, long. 67°
00" (Pankratoy and Sigajev, 1971). The position of the
first ol these epg patches, subsequently referred Lo as the
northern spawning pground, was marked with a radar
buoy at lat. 41° 53" N, long. 67° 15" W., on 23
Seplember, This buoy was located by the Albatross IV
on 24 September, and grab and dredge operations
confirmed Lhe position of the northern spawning ground
relative to the buoy (Graham and Chenoweth, 1971).

Submersible Operations

The Pisces T is an 8-ton, 2- to 3-man submersible of

2,000" (840 m) depth capability and a 72-hr life supporl

! Fisheries Research Board of Canada, Biological Station, $t. Andrews, New Branswick.
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endurance with a maximum underwater speed of 3
knots. It was launched and retrieved from the modificd
alter-deck of Albatross IV by a 15-lon boom crane,
tether Jines being allached o the Pisces T skids to
prevent undue pendulum movement during lauonch and
retrieval (Fig. 1), Lven so, the pendulum length of more
than 3 m from the boom of the erane to the submersible
was such as to restricl operuling condilions to sea-slate 2

and less.

Fig. 1. Launch of Pisces I from Albatross IV. Tether lines
altached to the skids prevent undue pendulum uaclion

during launch and retrieval,

Because of strong botlom currents (estimated to
be between 0.5 and 1 m/sec) in the operating area and a
rotary tidal regime with no glack-water period, transects
of the sea bed were passive, by Lidal drift.

A radar buoy allached to Pisces 1 by 275 m of
bight warp served to mark it position, and Albatrass IV
kept within 400 m of this buoy during bottom transects
by the submersible. The direction and distance from
Alhatross 1V o both the USSR marker buoy and the
Pisces | radar buov were monitored by Azimuth and
radar at 10-min inlervals, and al 5-min intervals while

Pisces I was on herring spawn. Contact between Pisces |
and Albatross IV was maintained by hvdrophone, and
observalions on major changes in hottom terrain or egg
density relaved to the surface Logether with information
on direclion ol drift (gvrocompass) and  estimated
bottom speed. Sounder records were kept continuously
while Pisces | operated and these were annotated at the
lime of radar fixes.

These sources of informalion were subsequently
collated and used to plot dive tracks and estimale
distances travelled during each dive (Table 1),

TABLE 1. Estimated distances travelled over the three types of
terrain during the 12 dives,

Herring spawn Gravel: No.

Dive on gravel herring spawn Sand
No. (m) (m) (m)
i 300
2 700
3 #00 400
1 2,200 200
5 800 00
[} 1100
7 900
2 2400 300
9 S04 1,200
190 700 i.400 100
11 2,400
12 900 400
Total
distances (m) 4,800 8,000 5400

Observational and Recording Techniques

AL 35- 10 60-m depths ambient light was too dim
for satisfactory viewing withoul two 1300 w floodlamps.
Visibility varied from aboul 3 m to not more lhan about
7.5 m because of suspended debris,

Observations made through the 15 cm diameter
viewpoint in Lthe front of Pices | were recorded on
magnetic tape, subsequently transcribed verbatim, and
interpolated with minute time checks, Observers and
pilots were briefed before cach dive on priorilies for
each type of observation. Fapes were run through alier
each dive Lo check priorities and to clear up problems of
identification of fauna or bottom type. The pilots
provided valuable background continuity to the record
and relayed instrument readings {(depth, course, esti-
mated speed) and other observations to ihe seienlist
observer for recording.
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Photography

Black and white or colour photographs were taken
automatically at 15-sec intervals by a 70-mm camera
mounted on the front of the submersible, and movie and
still photographs were taken through the viewporls,

Underwater photography of herring spawn pre-
sented major  dilficullies because of (a) the light-
abgorptive properlies of the spawn when viewed by the
submersibles  quarte-iodide lights, and (b) the greal
amount of suspended organic debris over the egg beds
later in development. It was impossible to distinguish
spawn from smooth sediments in the black and white
photographs, and in the only good colour photographs
the spawn showed hlue-green against yellow-brown
gravel, where predators had eaten away the spawn down
to the underlying substrate, An estimate of the area of
spawn cleared by predators was made on dive 3 from 62
enlarged photographs of the spawn mat. The outlines of
the characteristic stecp-sided holes in the spawn made by
predators were drawn on lracing paper having a density
of 0.0062 gm/cm?, the tracings of the holes cut out, and

weighed to 0.001 gm. This weight was compared for
each photograph with the weight of paper overlying
the intact arca of spawn. An estimate of percent
predation is then given hy:

Area of holes

Percent predalion = - X100

Area of spawn + holes

Sampling

A sampling rack contlaining four rectangular pipe
samplers (4.2 em X 9.2 ¢m intermal measurements) was
mounted below the viewport of the submersible (Fig, 2).
A buoyant toggle on cach sampler allowed the mech-
anical arm Lo L it from the rack, serape it across the sea
floor, and replace it in the rack after taking a qualitative
sumple, Divers plugged cach sampler with a sponge
immedtately Pisces § surfaced, to prevenl washing out of
the sediment and herring spawn due to surface swell,

5%

i
-
e i
2

5
&
o

Trsi
Prs &

934 M54

Fig. 2. Front view of Pisces I with the senior author examining one of the four steel scoops used for sampling herring spawn and
sediments. The buoyant toggle on the second sampler is seen within the jaws of the hydraulic arm.
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Results

Substrate type

METRES

DEPTH -

Three types of substrate were found.

boulders up to 50 cm or more in diameter were
embedded in the gravel. In some areas, a 10%
admixlure of shell gravel was observed, mdde up of
Ensis, Spisula and Placopecten. This had accumu-
lated locally to form patches of shell a few square
metres in extent. The most characleristic topo-

-o-.'io-....---louuila--.o--oi'iilco-'lc....

Gravel bottom. Rusly brown rounded pebbles 2- graphical feature was the level, almosi horizonlal
to 10-mm diameter, formed the underlying sub- nature of the gravel with only occasional shallow
strate of the spawning bed. Occasional ice-rafied depressions and low ridges (Fig. 3).
0
] PISCES DIVE 4
40 [
LI LT R
50 GRAVEL | K" DUNES  GRAVELLY GRAVEL
RIPPLES SAND
0
] DIVE 5
40 :
- o SN
7oy, SAND GRAVEL  SANDY
60 (7
17'MupoY GRAVEL Veg WAVES GRAVEL DUNES
0
1 DIVE 8 (2 HRs 20 MIN)
204
40 ‘ THINLY SCATTERED SPAWN

60 GRAVEL
0

41 DIVE 10 (58 MmN}
20 1‘
40—‘# Ny
80 GRAVEL 04’&‘3

Fig. 3. Sounder records made from Albatross [V during four dives, annotated later with observations on bottom type made from

Pisces I. (Albatross remained within 400 m of Pisces [ during bottom transits.)

Sandy gravel. A transitional arca belween an
all-gravel surface and sand bottom was crossed on
several occasions. Fine sand streaks on the gravel
surface merged into tipples and then mega-ripples
of 0.6 m amplitude und about 3.5 m wavelength,
with coarse gravel showing between the ripples.
The ripples lay predominanly in an casl-west
direction, sloping gradually on the north side and
steeply on the south face at angles of close to 30°,
Sand was heing continuously transported across
the crests of Lhese ripples.

Sand waves, Proceeding southward from the buoy,
the sand mega-ripples build up in height to form
sand waves or dunes. Maximum dune height was al
least 10 m, with a sleep drop off on the south face
of each dune (Fig. 3). The currents in the troughs
hetween the sand waves and in their lee were much
weaker than near the crests, and olten diverged
widely thyprevailing  current  direction.
Although it was apparent that these systems of
sand waves were traversing the gravel substrate,
muddy reefs of tubiculous polychaeles oflen

from
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carpeted the lower face of the larger dunes sug-
gesting thal their movement was slow.

On three dives, concave gouges, 30-60 cm across
and about 8§ cm deep, exposed gray sand below the
gravel surface, the gravel being heaped up on cither side.
These gouges continued in a straight line beyond the
limits of visibility and on one dive occurred every 20 m
or so for halt the dive duration. It was concluded that
they were caused by spreader boards of otter trawls.

Sediment Preferences of Spawning Herring

Herring spawn was found during four dives, but
only on type 1 sediment, ie., on mineral gravel. It
became thin and finally absent with admixture of sand.
Although spawn was firmly attached to gravel and
epifaunal growths, such as hydroids, bryozoa, (Den-
drobeana murrayana sp), and reefs of tubiculous
polychaetes (Filograna implexa) it was rarely seen on
shell gravel, and egg coverage invariably decrcased as
shell inereased in proportion.

Ontogeny of a Herring Spawning Bed

The northern spawning ground mapped by dredge
and grab from the Alferas was relocated by Albatross IV
on 25 to 27 September using the same techaigues,
During the following 9 days, 12 dives were made in the
arca in an attempt to place Pisces f on herring spawn.
Spawn was observed on dive 3 over the southemn
spawning ground, and during dives 8, 10, and 12 over
the northern ground (Fig. 4).

Observations made during dives over a period of
seven days showed marked differences in the appearance
ol the spawning heds. Although the observations were
nol all made on the same egg patch, they appear to
represent the last stages in the ontogeny of a spawning
hed just prior to, and following hatching.

Dive 3 (29 September): On the southern spawning
ground, 1-2 days before the estimated date of halching,
a bed was located 3.7 ki south of the buoy — the spawn
formed a uniform dark layer over the bottom, approxi-
malely 400 m across and 1-2 cm thick, covering up to
95% of the underlying gravel. The edges of the bed were
discrete. Many predators were present and signs of
predation were evident (Fig. 5).

Dive 8 (2 October): 2.5 km north of the buoy.
Thinly scattered traces of spawn extended over a
distance of approximately 2.4 km. These were either the
decomposing or unhatched residues of a large spawning
hed, or a scattering of spawn on the periphery of a dense

spawning area such as thal located on dive 3. A great
deal of organic material in suspension prevenled suc-
cessful photography.

: :..\\\\\?

! naut. mile |

\

Fig. 4, Estimated dive positions and distances travelled during
Pisces dives 1-12, plotted in relation to the Alferas buoy,
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. A. Spiny dogfish (Squalus acenthias) swimming over a
dark mat of herring spawn {Dive 3). Patches of lighter
coloured gravel show through holes in the spawn mat
made by predators. (Photo: R, P. Bradley). B. Close up
view of spawn mai showing steep-sided gouges in the
spawn mat considered to resull from the aclivities of

spawn predators, {Dive 3),

Dive 10 {2 October on the norther spawning
ground 4 days alter the estimated date of hatchivg):
Bottom coverage by spawn varied hetween 40 and 805,
Splotches of white in the dark spawn suggests that
decomposition of the hatched egg cases or unfertilized
eggs had already begun, There was much suspended
debris in the water,

Dive T1 (6 Octobery: Diving in the vicinity of
the northerly spawning bed seen on dive 100 4 days
previously, large amounts of suspended organie debris
and a dense aggregation aboul 50 moacross, ol carly {ish
larvae with yolk sacs, were observed being carried by the
current within 15 cm of the hottom. Since no other fish
larvae were abundant in plankton tosws made i the same
area, it is assumed Lhat these were herring larvae 1 these
larvae had hatched from the northerly spawning ground,
it is unlikely that their estimated age was more than

10-11 days.

Dive 12 (6 October, 10-11 days after the estimated
dale of hatching): Decomposing anoxic residues of the
porthern spawning bed were observed. A thin layer of
flocculent debris covered the anoxic hlackened aravel.
Samples taken during this dive contained decomposing
egas and egg shells and gave off a putrid smell. Farly
herring larvae with volk saes were seen close Lo bollom.

Associated Fauna on the Spawning Grounds

ALl observers reported an increase in fish abun-
danee over arcas of spawn. The combined records from
all dives were analyzed separately for transects over each
of Lhree subsirate tvpes: spawn-free sand, herring spawn
on gravel, and spawn-free pravel. Because it was not
always possible to count individual specimens, each

TABLY 2. Estimated frequencies of observation per kilometer of dive transit for 10 common benthic fish and invertebrates over three

types of terrain.

Tolal
No. Frequency of observations (No./km)
observa- Herring spawn Gravet: No.

Species tions on gravel herring spawn Sand

Hake { Urophyeis chuss) 104 144 4.2 0.2

Sculpin (Myoxocephalus sp) 133 17.0 .l 3.7

Spiny dogfish (Squalus acanthias) 103 9.0 RN 0.5

skate (Raja sp) 124 10.7 3.6 8.1

Starfish ( Asterias vulgaris) 103 8.2 3.9 6.1

Moon-snail (Polinices heros) 43 3.4 il 3.3

Scallop (Placopecten magellanicus) 170 10.5 1.1 5.7

Hermit crab (Pagurus sp} 134 7.1 6.2 9.2

Sea urchin ( Strongylocentrotus droebachiensis) 41 1.9 3.4 9
0

Bar clams (Dead shells) (Spisula solidissima) 41

1.5 2.0 2.
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recorded observation of a species, whether one or many
specimens, was counted as a single occurrence. This
procedure does not allow a calculation of absolute
abundance, but does eliminate the disproportionate
effect of aggregations of species only observed on a
relatively few oecasions. The numbers of observations
for each species were adjusted for the distance travelled
over the three types of terrain, using the distances in
Table 1, namely 4,800 m on spawn, 8,000 m on gravel
with no spawn, and 5,400 m on sand. Tt was considered
that the relative frequency of sightings of each species
on the three bollom types was reasonably approximated
by this procedure. The estimated frequencies of observa-
tion of the 10 most common species for each km of
travel across the three types of terrain are given in Table

2.

The four most common fish species seen, (red
hake, sculpin, dogfish, and skale) were all more
abundant over herring spawn than elsewhere. This also
appeared to be true for the invertebrate predators,
starfish {Asterios vulgeris), and moon snails (Polinices
heros} (Fig. 6A). Non-predatory forms, such as scallops
(Placopecten magellanicus} and sea urchins {Strongyl-
ocentrotus droebachiensis) appeared to be independent
of spawn in their distribution, while dead shells of bar
clams (Spisula solidissima) were rather less frequently
observed with spawn than elsewhere. Sediment pre-
ferences of the 10 most common species were investi-
gated independently of herring spawn by comparing
their frequency on sand with their frequency on gravel
without eggs (Fig. 6B). Hake, sea urchins, and scallops
were much more abundant on egg-free gravel than sand.
However, spiny dogfish, skate, starfish, and moon snails
were more frequent on sand than egg-free gravel, in
contrast o their apparent preference for gravel when
covered with herring spawn. This suggests that for these
species al least, some migration onto the spawn bhed had
followed herring spawning.

Although certain species scem to have migrated
onto areas of spawn, one of the most commonly
observed animals, namely the hermit crab (Pagurus sp)
appeared to be independent of both substrate type and
prescnce or ahsence of spawn. Despite this, it was
present in greal densities (estimated al 5/m?) and could
undoubtedly have played a considerable part as a
predator on herring spawn. Some large predatory fish
which were frequently seen on the spawning beds were
probably attracted to the area by the presence of other
species, e.g. monklish (Lophius americanus) and halibut
(Hippoglossus hippoglossus).

Predation on Herring Spawn

Although  few species were observed actively
feeding on heming spawn, many effects of predation

were observed. These took the form of steep-sided
craters or depressions in the egg layer up to 0.3 m across,
exposing the light brown gravel beneath (Fig. 5). These
holes in the otherwise uniform spawn layer were
sufficiently characteristic to be identified in colour
photographs taken with the external automatic camera
during dive 3, and an estimate of the proportion of
spawn removed by predalors was made from these
photographs. An analysis of 62 photographs revealed
that approximately 8% of the spawn had been removed
by predation within 1-2 days of hatching.
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Fig. 6. Ratio of sightings per kilometer travelled of 10 most
common species seen during 12 dives over different
substrate types. A, Species ranked according to apparent
preference for areas of herring spawn in contrast to all
other substrates. B. Comparison of frequencies of
observation on gravel without spawn, and on sand
without spawn, C. Comparison of frequencies of observa-

tion on gravel with and without a covering of spawn,
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ldentification of the species regponsible for preda-
tion was not possible without being able Lo examine
stomach contents for spawn, but red hake were scen
actively [eeding on spawn, and moon snails, hermit
crabs, and starfish were occasionally seen occupying
holes in the egg matl. Active demersal fish, such as cod
and haddock, were rarely seen from Pisces I, although
they were abundanl in the area (Pankratov and Sigajev,
]97|) and are known to be active predators on herring
spawn. These species have been shown to be repelled by
underwater lights (Ryzhenko, 1961), which may ac-
count for the infrequent sighlings.

Geography and Sediments of the Spawning Area

Herring spawn was only found on a very specific
substrate type; namely, a flat surface of fairly well-
sorled, rounded gravel, 2-10 mm in diameter, of glacial
origin (Schlee and Pratl, 19707, A sparse epll}mna of
bryozoa and calcarcous worm reefs was noted on 2
dives, but, in general, encrusting invertebrates were
sparse or abscntl, possibly because of the continuous
transport of sand particles and small sand waves across
the gravel plain. This is in contrasl to the shallow-waler
grounds observed in the Gulf of St. Lawrence by Tibbo
et al. (1963) where red algae form the spawning
substrate, and to those off Southwest Nova Scotia
(\](I\Ln/lt’ 1064) where sand and red algae form the
spawning substrate. The Georges Bank spawning ground
appears Lo show more rese mblance to that described for
the west coast of Scotland by Hlemmings (1965).

Large areas of ground were crossed which were
free of spawn, although they appeared to observers to be
ientical to areas where spawning had occurred. It scems
most unlikely that the availability of suitable spawning
subslrate is or has ever been a limiting factor in the
reproduction of Georges Bank herring.

Ontogeny of a Spawn Bed

Submersible operalions were preceded by a period
of approximately | week during which the castern
spawning beds were mapped by means of dredge and
grab {rom Alferas. As a result, the areas of spawn were
well advanced towards halching when first seen from
Pisces I on 29 September. Despite the late stage ol
development, the egg mat wags firm and cohesive, with
discrete margins. The size and uniformity of coverage of
the bottom by egps in a region swept by strong currents
suggests a coordinated spawning behaviour involving
large numbers of individuals,

Patchiness and friability of the egg mat was more
pronounced on dive 10, when hatching appeared to be

well advanced, and arcas of decomposing egg debris
occurred as white patches in the spawn mat, Although it
was impossible to estimate the percentage coverage by
unfertilized eggs, Lhere were foew dead eggs in the scoop
sammples taken from Pisces L. This supports the eslimate
of less than 1% given by Pankratov and Sigajev (1971},
Fge mortalitics were undoubtedly much lower than the
40-80% cstimates given by Runnstrom (1941) for egg
masses of comparable thickess. but probably exceeded
the estimated 8% of the spawn mat removed by
predators. No signs of the ‘lavering’ of cggs noted by
Pankratov and Sigajev (1971) were seen.

Because of uneven hatching and predation, and
increased friability of the spawn mat, it scems likely that
estimales of spawn densily (and henee the size of Lhe
spawning community) by remote sampling techniques
would decline continuously from spawning to hatching.
Further in site studies may provide weighting [actors
based on development slage of the eggs, which could be
used to correct for changes in botlom coverage during
ontogeny of the bed.

The observalion of newly hatched larvae within |
m of the bottom supports the hypolhesiz of Saville
(1971) that recently bhatched herring larvae are nol
regularly sampled by standard plankton nets, since the
larvae stay close to the sea floor, This is likely to have
serious effects on the precision with which larval surveys
can be used Lo pinpoint spawning grounds, upless some
means of sampling the hypoplankton can be found.

One surprising observation in an arca of coarse
gravel swept by strong bottom currents, was that spawn
residues persist for a period of 10 days or so after
hatching of the bulk of the cggs, and resull in anoxic
conditions in the underlying substrate. Persistence of egg
residues presumably results in the spawning ground
being unavailable to laler spawners, since 1L was
concluded by Hempel (1971), that although ‘layering’ of
the spawn may take place as a result of spawnings a
few days apart, paiches of eggs al an advanced stage
of de.vslopment seems Lo be avoided by spawning
herring.

Use of Submersibles for Survey Work

Although the observations made from Pisces 1 did
not allow an accurate delermination of the size and
extent of spawning areas, the 1970 experience with
Pisces I reinforees impressions from earlier studies (e.g.
Wigley 1968, Caddy 1970) thal submersibles can play a
valuable role - (a) in confirming hypotheses; (b) in
generating new lines of approach; and (¢) as a calibrating
took
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Provided that problems are clearly defined and
arcas of operation accurately located, the versatility of
submersibles is as great as the variety of cquipment that
can be installed on them, and their continuing use in
fisheries can be expected to expand in scope and value,
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Distribution and Abundance of Larval Herring,
Clupea harengus harengus Linnaeus,
Over Egg Beds on Georges Bank

By Joseph J. Graham® and Stanley B. Chenoweth!

Abstract

This paper describes the hatching and early life history of larval herring spawned on the northeastern part of Georges
Bank during the autumn of 1970, As part of an international cooperative survey, a USSR vessel localed and mapped the
distribution of egg beds and marked the vicinity for dives by a Canadian submersible from an American mothership,
Collections of eggs and observations from the submersible suggested that hatching began before the mothership arrived
over the beds on 26 September. Hatching was considerably reduced by 1 October and completed by 6 October. Two
distinet larval size modes, one al 7 mm and the other at 13 mm, occurred in length frequencies of larvae obtained within
the survey area surrounding the egg beds. We concluded that larvae with a length mode at 7 mm originated from the egg
beds and that their growth in length was negligible over a 4-day period. Estimated mortality of larvae less than 10 mm was
75% over the period from 1 October to 5 October, Mortality at this very early stage was considerably higher than the larval

mortality observed during winter along the Maine coasl.

Introduction

This is a reporl of a cooperative survey by the
USA, Canada, and the USSR to study herring egg beds
on Georges Bank, 24 September - 6 October, 1970. Each
country contributed an important component of the
operation. The USSR located and defined the bound-
aries of two adjoining egg beds on the northeaslern part
of (eorges Bank in the western North Atlantic and
placed a buoy to mark them for further operations. The
Canadians provided a submersible, Pisces I, for ohser-
vations of the egg beds. The USA provided a mothership,
Albatross 1V, for the Canadian submersible, confirmed
the location of the egg beds, positioned the submersible
for its dives, and conducted a study of larval herring
hatched from the egg beds,

Spawning of herring and the distribution of egg
beds and larvae over the entire area of Georges Bank
were examined by USSR scientists. Observations from
the submersible over the beds in the northeastern part of
the Bank were analyzed by the Canadian scientists. This
paper is concerned with the hatching and early
planktonic life of larvai herring from the beds surveyed
by the submersible. References to the results obtained
by the USSR and Canadian scientists during the
cooperative survey are from contributions published in
this volume (Pankratov and Sigajey, 1972; Caddy and
lleg, 1972).

Methods

Samples of eges were obtained from the bhottom
with a Naturalist dredge and a Smith-McIntyre grab
sampler. The dredge samples a width of 1 m and the grab
samples an area of 0.5 m?. The dredge was fished for 5
min from the drifting vessel. When eggs were obtained in
the dredge, the grab was lowered over the side Lo oblain
additional botlom samples. The dredge was towed 21
times and the grab was lowered 9 times. The quantity of
eges in the sample was expressed as light, medium, and
heavy. A light catch referred to eggs scattered within the
gravel or cobble; a medium catch contained small clumps
(about 1 em? or less); and a heavy catch contained larger
clumps. Eggs were preserved in 3% buffered formalin for
examination in the laboratory.

Two pairs of Bongo sampling nets (Posgay, Marak,
and Hennemuth, 1968) were used to capture larval
herring. A large pair of Bongo samplers was mounted on
the towing wire above a depressor and a smaller pair was
mournted 71 cm above the large pair. The nets of the
small Bongos had a mouth diameter of 20 cm and those
of the larger Bongos had a mouth diameter of 61 cm.
The smaller pair had mesh openings of 253 mm and
366 mm and the larger pair had mesh openings of .333
mm and .505 mm. A single meter was installed in the
.366 nct to determine the distance towed; the volume of
water strained was calculated by multiplying this

1 National Marine Figheries Setvice, Biological Laboratory, West Boothbay Harbor, Maine 04575, USA.,
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distance by the cross sectional area of the mouth of a
giverr net. The catch was expressed as the number of

larvae captured per 100 cubic meters of water strained
during a given tow, The gear was towed al 5 knots for 15
min in a step oblique sequence, 5 min cach at depths of
30, 20 m, and the surface. These depths were changed to
20, 10 m and the surface when the seientist on watch
helieved the nets might contact the bottom. The depth
259
Sevenly plankton stations were occupied, most

of the water at plankton stations varied from 31 to

.

during darkness to permil dives by the submersible
during the day (Table 1, Fig. 1). For the purposes of this
paper only larvae from the small Bongo nets with the
366 mm mesh and those from the large net with a mexh
of .505 mm were counted, FLarvae captured in the small
Bongo net were measured in November and December,
1970; those from the large Bongo net were measured 6
months later. Those measured later were slightly smaller
possibly due to shrinkage while in the preservative for

the additional time.
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Fig. 1. Numbered stations were occupied for plankton sampling. Locations of herring egg

samples obtained with a dredge or grab are also indicated. The tidal current diagram
is from Chart 3075 of the [1.5. National Ocean Survey, Nalional Oceanic and
Atmospheric Administration, Department of Commerce {Formerly, US. Couasl and
Geodetic Survey).
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TABLE (. Plankton sampling siations occupied between 25
September and 5 October 1970; their positions are
ptotted in Fig. 1. Samples were lost from both small
and large Bongo samplers at Stations 3 and 34;
samples were lost from the large sampler only on
Stations 6, 9, 40, 51-3, and 56-7.

Station Station
Sept. No. Oct. No.
25 1 1 19-24.
28 24 2 25.20
29 5-7 3 30-35
30 8-18 4 36-54
5 55-70

Extrusion of recently hatched larvae (4-9 mm)
through the meshes because of the high lowing speed (5
kuots) was not evidenl in our data. Both the average
catech rates as well as the size distribution were
essentially the same for the large and small meshed nets.

The nets did not clog during towing: only one
admple contained an appreciable amount of (logﬂmu
OFganisms.

A bathythermograph cast was made and a bucket
temperature was taken at cach station; surface water was
collected for salinity determination.

Location of spawning beds

Evidence [rom samples obtained with the dredge
and grab from M/V Albatross IV was suflicient to place
the Canadian submersible on the two adjacent egg beds
detected during the USSR bottom survey within the
northeastern spawning ground. Only 5 of the 30 samples
contained eggs; 2 had light amounts of eggs on 20
September, 1 had medium and 2 had heavy amounts of
egos on 27 September (Fig. 1), No eggs were found in
samples  laken during 29 September and 1 and 2
October. The largest clump of eggs was 15 ¢m? and 5.2
cm thick.

The egg beds were located in an area of complex
temperalure drld salinity distribution (Fig. )) A tongue
of colder (14° C.) and more saline (32.15 °/s0) surface
waler exlended westward into the survey area. In the
southwestern portion of the survey area at mid-depth
and al the bottom, a body of warm water was evident,
Bottom temperatures in the vicinity of the egg beds at
about 48 m varied from 13° to 15° C, as during the prior
USSR survey of the heds.

Observations on hatching

Hatching was completed during the survey with
the submersible (25 September - 6 October). This
conclusion is supported by: (1) the description of the
ontogeny of the egg beds (Canadian scientists): (2) the
decline during this period of the number of yolk sac
larvae in our catches; and (3) the development of the
egas on the beds (USSR scienlists). On 6 October
scienlisls aboard the Canadian submersible, Pisces |
found the egg beds to be in decayed condition. At that
time, samples brought to the surface by the submersible
conlained only a few cggs. These eggs and the residual
material were putrified. Observations from the viewing
ports of the submersible on 2 October suggested that
even then the beds were already in a decayed condition.

The number of yolk sac farvae in the plankton
samples also declined indicating that hatching was
completed during the survey with the submersible. Eggs
oblained from the hottom on 27 Seplember hegan to
hatch when placed in sea-water aboard the Albatross (V.
The following day, the largest percentage of yolk sac
larvae obtained in an individual plankton sampie from
the vicinity of the beds was 104 (Fig. 3). On 30
Seplember the largest percentage was 8.8, by 1 October
it was 4.7 and decreased to 0.17 on 2 October. The
vicinity of the beds was again sampled on 5 October and
at that time no yolk sac larvae were obtained,

However, on 6 October some yolk sac larvae were
observed near the bottom (48 m) from the submersible,
below our maximum sampling depth (30 m) with Bongo
samplers, On Dive 11 (6 Oclober), scientists aboard the
Pisces I reported that large amounts of suspended
organic debris and a dense aggregation. about 30 m
across, of carly herring tarvac with yolk sacs were being
carried across the hotlom by currents. The larvae were
within 15 em of the hottom and possibly too far away
for positive identification. But individual larvae with
volk sacs were observed from the submersible while on
the bottom during Dive 12 on the same day. These
individuals were indentificd with certainty by observing
their size and shape and the position of the anus, when
they were a few centimeters from Lhe viewing port and
illuminated by the lights of the submersible.

Our results approximated the cstimated hatching
dates obtained by Soviel scientists. These estimates
suggested that eggs would hatch on the first egg hed on
25-26 September and on the second bed on 27.28
September. They also reported that the egps on each hed
were uniformly developed and that spawning probably
occurred over a short period of 2-3 days.
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Distribution and origin of larvae

During the cruise, 52,733 larvae were captured in
the small Bongo net and 425 663 larvae were captared in
the large net. Catches from both nets fell into two size
groups with virtually no overlap (Table 2, Fig. 4); the

smaller size group (49 mm) with a mode at 7 mm and
the larger (10-22 mm) with a mode at 13 mm. The
smaller larvac were four times more abundant and their
greatest density was near the egg beds with a light
southerly  dispersion  from  the beds (Fig. 3). This
distribution, the presence of volk sacs, and the decline in
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TABLE 2. Catches of larval herring,

Larval Number Average Largest

Net maodal of cateh per catch per
size size (mm) larvae 100m> 100m°®
Small 7 49,996 1,312 11670
Small 13 2,737 422 960
Farge 7 417,916 1,533 11,046
Large 13 7747 334 406

hatching suggest that the emall larvae originated from
the ege beds. The distribution of larger larvae was similar
to that of the smaller larvae, except their center was
farther southeast of the hed, The Jarger larvac might also
have originated {rom the same vicinity in an earlier
hateh, but the available data are insufficient to
determine their origin, [f they had originated [rom these

beds they would have heen approximately 3 weeks old.
Influences of the currents on their distribution are not
well understood, but tidal currents are very strong in the

area (Fig. 1).
Larval growth

Sampling was not sufficiently repelitive to obtain
a measure of growth for larvae from the entire survey
ared, bul a measure of short term growth was oblained
from larvac captured in the \-'i('i.n-ity of the egg heds
between 1-5 October (Table 3). The size frequencies of
larvae from these samples collected with the small Bongo
net showed an increase in length that averaged 0.4 mm
in 4 days. Samples from the targe Bongo net did not
show any increase in average size. Therefore. the best
estimate of the average growth increment for the 4 days
is 0.2 mm, Considering the dala given for Georges Bank
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Fig. 4. Length frequency distribution of larval herring captured in large and small Bongo
nets and of larvae hatched from eggs brought aboard the M/V Albatross.
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TABLE 3. Length frequencies in percent of larval herring (<X 9 mm) caplured in small and large Bongo nets on 1 and 5 October,

1 October N = 479

5 October N = 499

Stations Stations
Size
(mm) 20 21 22 23 24 Total 58 39 60 61 62 Total
Small Bongo
5 4.0 1.0 1.0 L0 0.2
6 13.3 9.4 29 1.0 1.9 8.8 6.1 2.0 3.0 4.0 3.0
7 68.9 80.2 59.1 70.0 59.4 66.6 35.0 36.0 59.0 60.0 55.0 49,1
8 17.8 10.4 38.0 15.0 238 22.8 50.5 61.0 38.0 35.0 40.0 44.9
9 4.0 0.9 7.1 3.0 1.0 2.0 1.0 2.8
Mean 7.0 7.0 7.4 7.0 7.2 7.1 7.5 77 7.4 74 7.4 7.5
1 October N = 400 5 Qctober N = 601
Stations Stations
Size
(mm) 21 22 23 24 Total 58 59 60 61 62 Total
Large Bongo
3 65.0 5.0 2.0 18.0 293 22,0 4.5 13.0 12,1
6 26.0 17.0 147.0 35.0 31.2 45.4 30,0 51,0 46.0 43.0 43.4
7 6.0 73.0 48.0 210 44.5 20.2 54.0 27.0 48.0 38.0 39.1
8 3.0 10.0 12,0 6.2 5.1 16.0 1.5 6.0 5.0
9 1.0 0.3
Mean 5.5 6.9 6.4 6.7 0.4 6.0 6.9 6.0 6.6 6.4 6.4

— Gull of Maine area (Boyar et al., 1972) and for the
weslern coast of the Gulf of Maine (Graham, Chenoweth
and Davis, 1972) an average growth of 0.7 mm to 1 mm
could be expected in 4 days,

Mortality

Because the source of the larvae less than 10 mm is
known, an estimale of mortality was made for this group
using data gathered on 1 and 5 October in the vicinity of
the egg beds. Mean cateh rates for all sizes (5-9 mm) in
Table 4 were nsed to calculate the estimales of mortality
given in Table 5. For samples from the small Bongo the
mortality was 82%; for the large Bongo, 68%; and for
the combined samples, 75%. Even higher estimates are
obtained from the data in Table 4 by using specific size
groups. For example, the catch rates for larvae 7 and 8
mm in length captured on 1 October were summed and
those for larvae 8 and 9 mm captured on 5 October were
summed, and trealed as in Table 5. Larvae from the
small Bongo sampler had a 90% mortality, those caught
in the large Bongo sampler, 95%. When this sequence
was repeated for larvae 5 and 6 mm in length the
mortality was much lower, 4 and 41%, respectively.

Hewever, such estimates are difficalt to substantiate; the
sampling error is larger when comparing catch rates for
size groups and a growth of 1 mm must be assumed for

the bricf period of 4 days.

We consider the estimates of mortality to be
maximal. Dispersal of the larvae from the egg heds
would reduce the catches made on 5 October and inflate
the mortality estimate. On the other hand, recruitment
of newly hatched larvae after | October would decrease
the estimate of mortality. The ontogeny of the egg beds,
the decline in yolk sac larvae, and the eondition of larval
development, all suggest that recruitment was negligible.
Although the presence of yolk sac larvae near the
bottom on 6 October cannot be ruled out entirely, no
observations of yolk sae larvae were reported during the
previous dives when hatching was at its height. Also, the
relative abundance of yolk sac larvae showed no relation
to the distance of the Bongo samplers from the botlom,
as might be expected if recently hatched larvae remained
close to the bottom for a time.

One explanation for the high mortahity (75%) 1s
that the larvae did not survive the transition from volk
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TABLE 4, Catches per 100 m” for lengths of larval herring captured in small and large Bongo nets on 1 and 5 October. The catch from
the large Bongo net was lost at station 20 during | October.

1 Octoher N - 11,9601

5 October N = 2,767

Stations Stations
Size s
(mm) 20 21 22 23 24 Mean 58 539 60 01 02 Mean
Small Bongo
5 162 15 35 8 |
0 13 1,007 104 445 177 307 47 10 15 31 26
7 67 9363 2,060 2,831 832 3,040 27 152 291 201 425 359
8 17 1.214 1,324 607 333 703 389 257 187 526 309 334
9 594 119 35 13 5 30 8 22
Teotal 97 11,674 3,488 4,045 2021 4,264 526 422 493 1,502 773 742
1 Oclober N = 33,624 5 October N = 50,184
Stations Stations
Size -
(mm) 21 22 23 24 Mean 58 59 ol 61 62 Mean
Large Bongo
5 2,066 178 55 725 494 T4 87 73 146
i 1,066 1.316 1,072 267 1,255 768 801 172 887 241 574
7 246 5.052 1,707 1.409 2,254 341 1,442 9] 926 213 603
) 123 774 332 307 a5 427 29 34 15
9 19 4
Total 4,101 7.742 3,557 2.763 4,541 1.688 2.670 337 1,948 561 1,443

TABLE 5.

Mortalities of larval herring less than 1) mm in length
calculated from the mean catch rates for all larvae
given in Table 3.

Small Bongo Sampler (10 samples, N = 14,728)

I October 5 October
4,264 742

Morlality: 4,264 - 742 | 4,264 = 83%

Large Bongo Sampler (9 samples, N = 83,808)

I October 3 October
4,541 1,443

Mortality: 4,541 - 1,443/ 4,541 = 68%

Small + Large Bongos (19 Samples, N = 98,536)

1 Oclober 5 October
8.805 2,185

Mortality: 8,805 2,185/ 8,805 = 75%

sac absorption to feeding (Blaxter and Hempel, 1963).
This possibility was also advanced previously by Dra-
gesund and Nakken (1971) to explain the high spring

mortality of larval herring as they increased in size from

10 to 12 mm on the coastal banks of Norway. Thisx was
the maximum length (10.5-11.3 mm) reportedly at-
tained on volk by larvae of this spawning group (Blaxter
and Hempel, 1963). They concluded that 94% ol the
larvae died during this growth period.

Comparision  of the resulls of this study on
Georges Bank wilh the resulls obtained on the coasts of
Norway and the western Cull of Maine supports further
the contention by Saville (1971) that estimates of larval
mortalily in all stages from hatching to metamorphosis
are necessary to lest and adentify the existence of a
crilical stage in larval life, The mortalily estimates for
recently halched larvae are so high that they appear
critical, possibly determining the recruitment of a given
vear-class Lo the adult populations, However, in contrast
to the estimate of high mortality, 75% within 4 days,
obtained during the study on Georges Bank, Graham and
Davis (1971) suggested that in approximately 30 days
only 31 to 50% of the larval population in estuarine
water of the western Gulf of Maine died as they grew
during the winter {rom about 20 to 25 mm in length,
Since some dispersion might also have occurred during
the winter measurements, estimates also

their are
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maximal. A tentalive comparison of annual variations in
winler mortality (instantdneoue rale) to the percentage
ol Z-year-old fish for a given year-class suggested that
years of low mortality were usually related 1o sub-
sequenl greater percenlages of 2-year-olds in the fishery
{Graham, Chenoweth, dnd Daw%, 1972). Thus, some
evidence iy available that suggests the determination of
the strength of a given year-class may occur at a later
period in the larval life of the herring.

Summary

This paper describes the hatching and carly life
history of larval herring spawned on the northeastern
part ol Georges Bank during autumn, 1970, The
operations to obtam these descriplions were part of an
international cooperative survey during which the USSR
vessel Tocated and mapped the distribution of egg heds
and placed a buoy in their vicinity prior to dives by a
Canadian submersible from an American mothership.

Samples of eggs from the beds were obtained with
a dredge and a grab: samples of larvae [rom the water
overlving the beds and the surrounding area were
obtained with small and large Bongo nels attached to the
same towing wire. Vosl tows were during darkness to
permil dives by the submersible during the daylight.

Few egge were dredged from the bhottom: the
largest elump was 13 em? and 5.2 em thick,

The epg heds were located in an arca of complex
temperature and salinity distributions. ‘Temperatures
. - . - u el
immediately over the beds in 48 m varied from 137 to
15° C.

Hatching began just prior to the arrival of the
mothership on  the beds, 26 Seplember, declined
markedly by 2 October, and ceased sometime before 6
October, The decayed condition of the beds and the
decline in the percent cateh of volk sac larvace from 28
September through 2 October confirmed estimates of
hatching dates by USSR zcientists determined from data
collected during their earlier boltom surveys,

In total, 478.396 larvac were caplured at 70
stations. The larvae fell into two size groups, one of
small larvae (4-9 mm) with a mode at 7 mm and the
other of larger larvae (10-22 mm) with a mode at 13
mm. Average catch rates for the two groups were 1,422
and 378 (per 100 m3), respectively. Both size groups
were distribuled wilh their center of abundance within

the vicinity of the egg beds and a dispersion in a souther-
ly direction.

We concluded that the larvae with 4 mode of 7
mm originated from Lhe egg beds, but could not be
certain of the origin of the larger larvas.

Growth of the smaller larvae (<10 mm) indicated
by shifts in their size frequencies was negligible over a
d-day period. Mortality for larvae less than 10 mm in
length was estimated as 75% over the period from 1 te 5
October.
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Sedimentology of Herring Spawning Grounds
on Georges Bank

By Georges Drapeau

1.2

Abstract

Herring spawning on Georges Bank takes place on a gravel botlom in a high cnergy cnvironment. Herring spawn were
observed exclusively on gravel patches devoid of sand at an average depth of 40 metres in an arca where tidal currents reach
an intensity of 1 m/sec and storm wave oscillations on the bottom exceed 70 ¢cm/sec, It is inferred that a gravel substratum

is chosen by the herring to cnsure stability of eggs laid on the
maintaih an adequate level of oxygenation of the egy mass,

Introduction

This paper describes herring spawning grounds on
Georges Bank and the role of sediment texture in
controlling herring spawning. Direct geological observa-
tions of the spawning grounds were made aboard the
submersihle Pisces [ from International Hydrodynamics

bottom and that strong currents prevent siltation and also

Commercial Fisheries was the tender.ship. The spawning
survey on Georges Bank (Fig. 1) in the autumn of 1970
was a joint venture of AtlantNIRO, Kaliningrad,
USS.R., the National Marine Fisheries Service Bio-
logical Laboratory, West Boothbay Harbor, US A the
Fisheries Research Board of Canada, Biclogical Station,
St. Andrews, New Brunswick, and the Atlantic Oceanog-
raphic Laboratory of the Bedford Institute, Dartmouth,

for which Albatross IV from the 1.S. Bureau of Canada.
60°
1
B e
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Fig. 1. Bathymetry of Georges Bank and vicinity and location of the survey area, {(From U.S. Geological Survey,

Miscellaneous [nvestigations Map [-451.)

' Atlantic Geoscience Centre, Bedford Institute, Dartmouth, Nova Scotia, Canada.
2 Pregent address: Université du Quebéce, 300 Ave des Ursulines, Rimouski, Quebée, Canada.
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Spawning Grounds in Other Areas

Different  herring  populations may be char-
acterized by the time and localion of spawning.
Spawning grounds are often first indicated by the
appearance in commercial catches of ripe or newly spent
herring, by herring spawn in stomach contents of other
fish, or by the presence of recently hatched herring
larvae in plankton catehes. Direcl observations of the
spawning heds themselves have seldom been made, and
have usually been coufined to spawning grounds near the
shore. Bolster and Bridger {(1957) took grab samples over
a herring spawning ground in the Sandattie region on the
southern side of tlle Strail of Dover and found that the
egas were attached to flints overlying a gravelly sea floor.
Bottom grab samples and photographic surveys of
Ballantrae Bank in the Firth of Clyde (Parrish et al.,
1939) showed that the extent of the egg patch was
sharply delimited by the nature of the substratum, the
herring spawning preferentially on small cobbles and
pebbles and not on large cobbles, boulders or rocks.
Scuba divers invesligating spawning grounds on Bal-
lantrae Bank (Hemmings, 1965) reported herring spawn
lying in a uniform carpet over gravel ridpes. In the
western North Atlantic, Tibbo et el (1963) observed
spring herring spawns on gravel, boulders, and algae in
Baie des Chaleurs; also YcKenzie (1904) located herring
spawns on a {lat bottom covered with sand and a few
stones, 2 km offshore Black Point on the southwest
coast of Nova Scotia,

Georges Bank Herring

Parrish and Saville (1965) divided Lhe herring
stocks of the Northeast Atlantic into two broad groups,
the oceanie and the shelf herring, for which they provide
the following definitions. The oceanic group spawns
moslly between February and May along the Atlantic
coast of northern Europe, especially the west coast of
Norway, south and west coast of Tceland and west coast
of Scotland. This spawning takes place in temperatures
less than 12°C and mostly between 6° and 8°C. By
contrast, the shelf group spawns mostly belween August
and December, on coastal and offshore banks in the
North Sea and adjacent areas, in temperatures less than
15°C, and mostly between 8° and 12°C. By extension, a
similar division is outhined by Parrish and Saville for the
herring stocks of the Northwest Atlantic. On the western
side of the Atlantic the main concentrations of herring

¢ the summer-autumn spawning herring whose dl\tr‘l-
hutmn extends from the Gulf of Maine to the Scolian
Shell, and to the southern part of the Gulf of St
Lawrence. This includes the herring stocks spawning on
(Georges Bank, which are comparable in many respects
with the Shelf herring of the Northeast Atlantic. Groups
of winter-spring spawners are also lound i the

Northwest Allantic, where the main centres of spawning
are grouped in the northern regions of the Gull of St
Lawrence and off the west and soulh coasts of
Newfoundland. Parrish and Saville (1965) consider it
unlikely that the Northwest Allantic supports a large
population of oceanic winter-spring spawners com-
parable to the Atlanto-Scandian herring in the Northeast
Atlantic, becaunse of adverse environmental conditions
such as sharp temaperature boundaries and ice coverage.
Although not enough data are available to correlate the
different stocks of herring with different types ol
spawning grounds, it scemg that a preference for a
gravelly bottom is common to widely separated stocks
such as, for example, those spawning on Georges Bank
and Ballantrae Bank.

Surficial Geology of Georges Bank

The surficial sediments on Georges Bank  are
directly related to glacial processes in that these
sediments were originally transported either directly by
glaciers, or deposited as glacier outwash (Schlee and
Pratt, 1970). According to these authors, the Pleistocene
conlinental ice front would have progressed southward
beyond the spawning arca under study (Fig. 2). These
sediments of glacial origin were modified when the sea
transgressed from lower to higher levels following the
melting of continental glaciers, For instance, data
compiled by Milliman and Emery (1968) indicate that
sea level was near the present height 35,000 vears ago,
then lowered to a minimum level of 130 m below mean
sea level some 16,000 years ago and since raised to the
present level. The transeression of the sea had a major
impact on the distribution of the glacial sediments, the
patterns of which are outlined in Fig. 2. Four tvpes of
surficial sediments are presently covering Georges Bank
(Schlec and Pratt, 1970). Parts of the area, some 30 km
across, are covered with more than 50% gravt] and are
surrounded by mixtures of sand and gravel. Four-fifths
of the eastern portion of Georges Bank are covered with
sand, most of which ranges in size from 1.0 10 0.25 mm.
Patches of fine sand (0.25 to 0.063 mm) are found in
Lthe centre of the Bank.

Results of Geological Observations

The sediment cover in the spawning area was
observed in delall during the dives aboard Pisces [ and
additional information was provided from an examina-
tion of bottom sediment grab samples. The results are
shown in Fig. 3, which outlines the types of surficial
sediments oceurring in the vicinity of the spawning
grounds, These surficial sediments vary in size from
medium-sized sands to boulders 0.5 m in diameter. A
large portion of the survey area Is covered with
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¥ig. 2. Map showing the texture of unconsolidated sediments covering the eastern
porticn of Georges Bank as well as the assumed extent of Pleistocene glaciation,
(Compiled from Schlee and Pratt, 1970.)
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Fig. 3. Map of the survey area outlining the types of surficial
sediments: (1) observed from Pisces I (submersible
tracks are plotted and numbered 1 te 12) and (2)
obtained by bottom grab sampling. (Modified from

Caddy et al, 1971.)

pebble-sized gravel {2 to 20 mm in diameter) inter-
mingled with lesser quantities of cohblesized gravel (4
to 12 cm in diameter) (Fig. 6). Boulders up 10 0.5 m in
diameter were also seen occasionally from Pisces f. The

gravel is polymictic, fairly well rounded, and in many
respects similar to the glacial drift covering the
mainland. Two assemblages of sand-sized sediments were
encountered in the study area. In places, gravels are
mixed with sand and grade into sediments whose
dominant texture is a coarse sand (0.5 to 2 mm)
containing a fair quantity of granules (2 to 4 mm). Like
the gravel, this sand is iron-stained and resembles Lhe
glacial drift of the mainland. In the areas where sand
ripples and waves have developed (Fig. 4), the sand is
naturally better sorted, medium to coarse in size (0.25
to 1 mm), and more greyish in colour. Photographs
taken during the survey of the spawning grounds (Figs. 4
and 3) indicate that active Lransport of sand is taking
place in that region of Georges Bank. Figure 4 shows a
sand megaripple migrating over a gravelly bottom. The
speed of drift of the submersible during the survey
suggests that bottom currents are of the order of 0.5 to
1 m/sec. Figure 5 shows details of the sedimentary
structures and the local phenomena of currents pro-
gressing in different directions as indicated by the
smaller ripples superimposed across the larger ones, Sand
waves were observed in the survey area particularly
during dives 4, 5, and 7. These sedimentary structures
were apparent on echograms of the ocean floor taken
along dive tracks, such as the one for dive 7 reproduced
in Fig. 8. With regard to the nature of the sediments
covering the sea floor, Caddy et al. (1971) have reviewed
all the data gathered during the survey and demonstraled
that herring lay their eggs preferentially over the arca
covered with gravel.

Dynamics of Sedimentation on Herring
Spawning Grounds

The environment in which herring spawning is
taking place on Georges Bank is one of high energy as
indicated by the sca bottom photographs and the sand
waves recorded by the ships echosounder in the
spawning area. Sand waves are widespread on Georges
Bank as shown in Fig. 7 which shows a compilation of
sand waves based on soundings from the U.S, Coast and
Geodetic Survey (Uchupi, 1968). Jordan (1962) and
Stewart and Jordan (1964) studied these sand waves in
detail. They report that in depths less than 20 m the
sand waves are streamlined in the direction of maximum
currents but, that in deeper water, the crestlines of sand
waves are at 45° to 90° to the direction of maximum
currents. These authors indicate that sand waves on
Georges Bank occur at approximately 700-m intervals
and average 10 m in height. Some large sand ridges were
observed, one being 30 m high. Stewart and Jordan also
report that comparison between surveys made in the
1930%s and 1950°s show a net westward movement of
sand waves on Georges Shoal of the order of 300 m.



DRAPEAU: HERRING SPAWNING GROUNDS ON GEORGES BANK 153

Fig. 4. (Dive 1} Megaripple on which are superimposed 30 cm long current ripples, The
structure of the ripples witnesses strong bottom currents flowing towards the upper left
corner of the photograph. The sand megaripple is transgressing over a gravelly

substratum composed of medium size pebbles (10 mm} and sea urchin tests (40 mm).
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Fig. 5. (Dive 6} Ripples on a sand wave. A pattern of smaller ripples is superimposed on coarser
ones, This indicates that the currents were originally flowing towards the upper lefl
corner of lhe photograph and flowed subsequently towards the upper righl corner. The

hermit crab in the lower centre of the photograph is approximately 6 cm long,
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Fig. 6. (Dive 8) Poorly sorted (5 mm to 15 cm) gravel bottom, The poor sorting as well as the
mixed nature of the pebbles indicates that this material is of glacial origin. It is also
noliceable that the pebbles show different stages of rounding from angular to fairly well

rounded,

137
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BATHYMETRIC CONTCURS IN METRES

20 40 NAUTICAL MILES
), . e e JTh
0 20 40 60 KILOMETRES

Fig. 7. Compilation of sand waves on Georges Bank based on
detailed charting from U.S. Coast and Geodetic Survey,
(From Uchupi, 1968.)

Stewart and Jordan (1964} suggest that sand waves
on (Georges Bank are formed by the superimposed effect
of sea waves and tidal currents. Stride (1963) came to
the same conclusion in his study of the expanses of sand
waves in Lhe English Channel. Stride points out that the
areas investigaled are subjected to strong winds and hicavy
seas which are estimated to produce bottom oscillatory
currents reaching a velocity of 103 cm/sec at a depth of
9} m. A similar approach to the study of sand waves on
Browns Bank, 60 km northeast of Georges Bank, showed
that sand waves in that avea are formed by tidal currents
of the order of 1 m/secc, combined wilh oscillatory
currents in excess of 20 em/sec (Drapeau, 1970). Thus
evidence exists from many areas that the formation of
sand waves on continental shelves is associated with the
combined action of tidal currents and storm waves,

As the spawning grounds surveved on Georges
Bank are closely associated with sand waves, they are
subjected to the same conjugated action of tidal currents
and storm waves which are the predominant sources of
energy in that environment. In the case of Georges Bank,
data of different nalure are available to assess Lhe
intensity of the bottom currents over the spawning
grounds. The tidal currenls on Georges Bank were
surveyed by the U.S. Coast and Geodetic Survey and are
outlined in Fig. 9. These are rotary tidal currents for
which the roses in Fig. 9 represent average vulues. The
intensity of tidal currents varies through the lunar
month and exceeds the average value by as much as 40%

.
20 |

Metres
A1

80 -

4 I 1 [l 1 1 l

0 500

1000 1500 Metras

Fig. 8. Echogram showing the profite of the ocean floor along the submersible track no. 7. The sand waves seen on the echogram average
10 m in height and 135 m in length. They are somewhat smaller than those measured by Jordan ( 1962) [arther west on Georges
Bank.
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BATHYMETRIC CONTOURS IN METRES
0 20 40 60 NAUTICAL MILES
0 20 40 60 8O 100 KILOMETRES
SCALE OF CURRENT VELOCITIES
L0 | 2 3 «nors
-
0 100 200 CM/SEC

Fig. 9. Vector diagrams of tidal currents showing the hourly direction and intensity of tidal currents
on Georges Bank. The velocities indicated by the arrows are averages. The moon at new, full,
or perigee tends to increase the velocities by 15 to 20% above average and by 30 to 40% when
new or full moon concurs with perigee. Quadrature and apogee tend to decrease the velocities
below average by 15 to 20%. (Compiled from U.8. Department of Commerce, 1970, and

Canadian Hydrographic Service Chart no. 8005.)

when perigee concurs with full or new moon. Under
these circumstances the tidal currents reach an intensity
of 1 m/sec in the area of study. Based on the drifting of
Pisces I during the survey of the spawning grounds, there
is no perceptible change with depth in either direction or
intensity of tidal currents. In the area of survey the tidal
currents are essentially symmetrical which implies that
the eventual progression of sediments on the bottom
results from the combined effect of wind-driven
currents and waves enhanced by tidal currents.

No direct measurements of waves are available for
the area of study but data compiled by Hogben and
Lumb (1967) can be used to assess the wave energy in
the area under investigation. These data are generalized
for a wide area (Marsden squares 149, 150, and 151),
but since Georges Bank is far offshore in the open ocean,
these data are good first order approximations. Figure
10 summarizes the data from Hogben and Lumb for the
area including Georges Bank. The shaded portion of the
table shown in Fig. 10 outlines the conditions under
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WAVE PERIOD IN SECONDS

Calm 8-9 10-11 12-13 14-15 16-17 18-19 20-21 21 TOTALS
853 17 9 2 1 1 1 32 17 1920
101 52 28 8 2 2 3 136 2964
223 402 102 40 1, 6592
<233 969 87 6947
195 1387 5061
154 1265 3790
123 974 2581

&6 682 1944
L8 1287
59 1170
15 193
10 186
12 331
5 303
2 130
2 148
7 116

T2
1 51
7 95

kL

2136 10981 10228 6997 3321 1318 439 150 47 46 222 35885

Ocean waves statistics for Marsden Squares 149, 150, and 151 {or waves from all directions and for all
scasons. The shaded area of the table outlines the condilions under which the horizontal orbital velocity
on he bottom due to wave motion is in excess of 20 em/sec, (From Hogben and Lumb, [967),

26
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25

170
60

485
186

520

1265

1387

295
32

3128
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4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
T (sec)

Simplified wave energy spectrum for the data shown in Fig. 10. The horizontal orbital velocity on the

bottom (Um) is recorded on the vertical axis and the wave period (T) on the horizontal axis. The figures

on top of cach column indicate the relative frequency of waves of different periods. The histogram

indicates that the longer period waves release much more energy and that the orbital velocity on
botiom can in certain circumstances reach 80 em/sec.
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which the horizontal component of the orbital velocity
on the botlom at a depth of 50 m is in excess of 20
cm/sec. This indicates the lower threshold at which sand
particles are moved on the bottom due to wave action.
The orbital velocity on the boltom is a function of bolh
wave height and wave length. This is shown in Fig. 10
which also shows that the wave height needed to
produce equivalent horizontal orbital velocities on the
bottom decreases with the wave period. According to
the statistics of Hogben and Lumb (1967) 16% of the
time throughout the year the horizontal orbital velocity
exceeds 20 em/sec on the bottom of Georges Bank. The
range of orbital velocities on the bottom is shown by
means of a histogram (Fig. 11) which outlines the fact
that long-period waves are much more energetic and can
induce yelocities on the bottom exceeding 70 cm/sec,

Conclusions

The present survey confirmed that Georges Bank
herring preferentially spawn on gravelly sea floors, and it
also inferred from the hydrodynamic characteristics of
the surficial sediments that spawning takes place in a
high energy enviconment.

The chojee of gravel for spawning ground on
Georges Bank and other areas, except for the case
reported by McKenzie {(1964), may be explained by the
fact that hatching is more successful if the eggs remain
undisturbed during the period of incubation (Burd and
Wallace, 1971). In a high cnergy cnvironment it would
be difficult for herring eggs, although they are covered
with an adhesive mucus, to adhere to a sandy bottom
because the weight of sand grains adhering to the eggs
would not be sufficient to prevent them from being

carried away by bottom currents. On the other hand,
gravel-size particles are heavy enough to remain in place
and provide a stable surface to which herring eggs can
adhere firmly. The necessity for herring to attach its eggs
securely to the substratum has heen observed by Tibbo,
Scarratt, and McMullon (1963) during Seiba dives in a
subtidal environment. The finding of a gravel substratum
by herring stocks at the time of spawning is not difficult
on the continental shelves of the North Atlantic because
the distribution of herring on both sides of the Atlantic
coincides roughly with areas of the sea floor that were
modified directly or indirectly by the glaciations of the
Pleistocene, Continental glaciers transporte d huge quan-
tities of gravel which were cither left in place when the
glaciers melted or carried farther than the glamera
themselves either by means of glacier outwash or by ice
rafting at sca. For that reason, large expanses of gravel
now cover the continental shelves of the North Atlantic
within the latitudes where herring are found.

Spawning in a high cnergy environment probably
serves a double purpose. Strong currents prevent

siltation of fine particles that could impede the eggs
from adhering to rocky surfaces at the time of spawning
and could also smother the eggs during the period of
incubation (Hildebrand, 1963). Furthermore, active
circulation of sea water over the spawn removes the
metabolites and supplies the oxygen necessary for
suceessful hatching (Hempel, 1971). The sea floor of the
banks and coastal walers, where herring are normally
spawning, is generally swept by tides, longshore currents,
and waves that maintain the circulation of oxygenated
water on Lhe bottom.

On the basis of the information presently avail-
able, the grounds most favorable for herring spawning on
eastern Georges Bank would be included within a 50 X
100 km area between the lat, 41°34'N and 42°08'N, and
the long. 66°30'W and 67°45'W. Obviously, this outline
of potential spawning grounds does not imply that
herring spawn could not be found outside that area;
it means rather, on the basis of the observations made in
this survey, the data available concerning the bathy-
metry, the geology, and the oceanography of the area,
that the region defined above outlines the environment
that seems most suitable for herring spawning on
Georges Bank.
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Notes

Gutted Weight Versus Total Length of Atlantic Salmon
at West Greenland

By A. W. May'"® and W. H. Lear?

Data on the relationship between gutted weight
and total length of Atlantic salmon taken at West
Greenland are provided in response 1o a request from the
Planning Group for the 1972 international tagging
experiment, contained i the report of its meeting of
18-20 January 1972 (ICNAF Research Document No.
32, Serial No. 2785).

Material was collected in 1968 (20-25 September)
from salmon taken by shore nets and delivered to the
fish factory at Godthaab, and in 1969-71 during the
course of drift net fishing by the Canadian research
vessel A. T. Cameron. Dates of collections were in 1969
6 Sept. - 2 Oct., in 1970 3 Sept. - 4 Oct., and in 1971
6-23 Sept. Most of the material is from Lhe northern part
of the West Greenland fishing area.

Weighled average values of gutted weight at each
cm total length were used to fit regressions to each data.
series, as well as to combined material for 1968-71 (Fig.
1). The regression constants are given for each series.
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Fig. 1. Relationship of gutted weight to total length for Atlantic
salmon at West Greenland, 1968-71. Open circles
represent average weights hased on less than five fish.

! Fisheries Research Board of Canada, Biological Station, St. John’s, Newfoundland.
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TABLE 1. West Greenland 1968.71. Gutted weight (kg) versus TABLE 2. Godthaab, 1968. Gutted weight (kg) versus total

total length (em), length (cm).

Total Average Caleulated Total Average Calculated

length gutted weight Range weight length gutted weight Range weight

(em) (kg) N (kg) (kg) (em) (kg) N (ke) {kg)
59 1.557 7 14— 1.8 1.552 59 1.560 5 14 - 1.8 1.574
60 1.630 10 1.5-1.8 1.638 60 1.671 7 15-18 1.661
6l 1.735 20 1.5-20 1.726 61 1.763 16 1.5-20 1,749
62 1.873 15 16 —-21 1.820 62 1.911 9 1.6 -21 1.842
63 1.896 25 16 —2.1 1914 63 1.923 13 1.6 - 2.1 1.937
64 1.976 46 1.7-22 2.015 64 2.005 20 1822 2037
65 2,110 30 1826 2117 65 2.150 26 1.9-25 2,140
66 2,214 50 1.8 26 2,223 06 2,200 22 19 -24 2.246
67 2,298 65 1.9-27 2,334 67 2.324 25 2.0 -2.6 2.337
o8 2474 54 2.1 —-3.1 2,447 08 2,527 26 21-31 2.469
69 2,557 72 2232 2.565 09 2.559 29 22-31 2.586
70 2.696 96 23-35 2.687 70 2.764 25 23-34 2,708
71 2.826 72 23-34 2814 71 2.839 18 25 -34 2.833
72 2974 77 24-36 2.042 72 2.962 13 27-33 2.961
73 3.123 93 2543 3.075 73 3.125 20 27 -37 3.093
74 3.191 65 2438 3.212 74 3.133 12 26 —3.7 3.229
75 3.320 36 2942 3.356 75 3.143 7 29_14 3.372
76 3.530 54 3.0—-14.1 3.500 76 3.409 11 31-36 3.516
77 3.683 29 3.1-42 3.652 77 4.000 4 3.8 -42 3.665
78 3.776 25 3.3 —-4.7 3.806 78 3.550 2 3.5 - 3.6 3.819
79 3.821 14 3.3 44 3.964 79 3.700 1 3.975
80 4.231 13 3.3 -53 4,129 80 4.300 1 4,138
81 4.460 5 35-49 4.297 81 4.700 3 4.6 — 4.9 4.305
82 4.200 3 3.8-49 4.469 82 4,700 1 — 4.475
83 4,600 1 — 4.648 84 3.050 2 4.7 - 54 4832
84 5.125 4 47 -54 4.83] 85 5.800 1 — 5.016
85 5.300 2 48-58 5.017 86 5.200 1 5.200
86 5.200 1 - 5.210 87 5.300 2. 52 -54 5.400
87 4.800 4 3854 3.406 92 6.150 2 5.2-71 6.451
88 5.900 1 — 3.610 93 6.800 1 6.676
89 5.600 2 4.8 - 6.4 5.817 94 7.900 1 6.904.
90 5.730 2 5.2-6.3 6.027
91 5.500 1 — 6.246 326
92 6.150 2 52-71 6.471
93 6.267 3 35-648 6.701 Log-log regression
94, 7.900 1 — 6,933 Slope = 3.1754

Intercept = -5.4263
1,040

1

L.og-log Regression
Slope = 3.2154
Intercept = -5.5034
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TABLE 3. A. T. Cemeron Cruise 164, 1969, Gutted weight (kg) TABLE 4. 4. T. Cameron, Cruise 177, 1970. Gutted weight (kg)

versus total length (em), versus total length (em).

Total Average Calculated Total Average Calculated

length gutted weight Range weight length gutted weight Range weight
{cm) (kg) N (kg) (kg) {(cm) (kg) N (kg) (kg)

60 1.500 1 — 1.664 61 1.700 1 — 1.770
62 1.867 3 1.8-20 1.858 62 1.700 1 ~ 1.856
63 2.100 I - 1.960 63 1.900 2 — 1.942
64 1.967 3 1.9 -2.0 2,067 64 1.900 5 1.7-20 2032
65 2,129 7 1.9 -26 2,178 65 2.100 4 1.9 — 25 2.124
66 2.382 11 21-26 2,293 66 2.267 3 22-23 2,220
67 2371 17 21-27 2413 67 2,288 8 21-25 2.319
68 2.480 7 21-29 2.536 68 2,467 9 2.2 .27 2.419
69 2619 16 23-32 2,663 69 2,529 7 2229 2,523
70 2727 30 24 -35 2.796 70 2.615 13 24-29 2.629
71 2912 17 25-3.2 2.933 71 2,836 11 2334 2740
72 3.165 23 27-36 3.073 72 2.750 14 26 —-29 2.851
73 3.324. 25 29 -43 3.219 73 2978 23 2634 2,967
74 3.416 19 32-37 3.370 74 3.108 13 25-35 3.085
75 3.585 13 32-42 3.527 75 3.222 18 29-348 3.207
76 3.714 21 3.3 -4.1 3.686 76 3.470 10 3.1 -37 3.332
77 3.940 3 36—-42 3.853 77 3.475 8 3.1 - 4.0 3.459
78 4.043 7 38-47 4,024 78 3.763 8 3.3—-44 31.590
70 3.917 6 3.4-44 4.200 79 3.720 5 33—-4.0 3.724
80 4.200 6 33-53 4,382 80 4.100 3 38 -45 3.8602
81 4.700 1 - 4.568 81 3.500 1 - 4,002
84 5.000 1 — 5.164 82 3.800 1 — 4.146
88 5.900 1 — 6.039 85 4.800 1 — 4.590
89 6.400 1 - 0.273 87 4.300 2 3.8 48 4.915
93 6.500 1 — 7.274 89 4,800 1 — 5.248
90 5.200 1 — 5.418
243 9] 5.500 1 - 5,593
93 5.500) 1 — 5.955

Log-log regression
Slope = 3.3656 175
Intercept = .5.7634

Log-log regression
Slope = 2.8764
Intercept = -4.8873
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TABLE 5. A. T. Cameron, Cruise 190, 1971. Gutted weight (kg)
versus total length (cm).

Total Average Caleulated

length gutted weight Range weight

{em) (k) N {ke) (k)
59 1.550 2 1.5- 1.6 1.479
60 1.550 2 1.5-1.6 1.564
61 1.600 3 16 -17 1.652
62 1.800 2 1.7-19 1.745
63 1.833 9 1.6 - 20 1.840
64 1.967 18 1.7-22 1.940
65 2.023 13 1.8-22 2.043
66 2.093 14 1.8-23 2,149
67 2.180 15 1925 2,260
68 2.358 12 22-26 2,374
69 2,515 20 23-28 2,492
70 2639 28 24-30 2.616
71 2758 26 25-3.2 2,744
72 2.933 27 24-34 2.873
73 3.052 25 2530 3.008
74 3.071 21 24 - 38 3.148
75 3.322 18 3.0-38 3.294
70 3.367 12 3.0-38 3.442
i 3.608 12 32-39 3.596
78 3.613 8 313-39 3.733
79 3.850 2 38-39 3.915
80 4.400 3 43456 4.085
82 4.160 1 — 4.435
83 4.600 1 — 4.618
84 5.400 1 - 4.807
9% 6.300 1 - 6.049

206

Log-log regression
Slope = 3.3369
Intercept = -5.7393
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International Commission for the Northwest Atlantic Fisheries

The Commission in Brief

Under the terms of a Convention signed in 1949, the International Commission for the Northwest Atlantic Fisheries (ICNAF) is
responsible for promoting and co-ordinating scientific 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 catch.

The governments sharing these conservation interests are Bulgaria, Canada, Denmark, France, Federal Republic of Germany, Iceland,
Italy. Japan, Norway, Poland, Portugal, Romania, Spain, Union of Soviet Socialist Republies, United Kingdom, and United States of
America.

Research Bulletin of ICNAF

T}lfcl]{]ate;national Commission for the Northwest Atlantic Fisheries invites contributions to its serial publication, “The Research Bulletin
of ICNAF™.

There will be one or more issues each vear depending on the number of papers received and accepted for publication.

Purpose. The main purpose of the Research Bulletin is to publish the results of research carried out in the ICNAF area. It is expected
that most papers published in the Research Bulletin will be selected from papers presented at Annual Meetings of the Commission, but
other papers, either concerning the ICNAF area or outside it, will be accepted if their contents are of importance to the work of the
Commission.

Submission of Manuscripts. Manuscripts for publication should be submitted to the Commission’s Secretariat on or before 1 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 can be issued
before the next Annual Meeting of the Commission,

Editing. The Editor of the Research Bulletin will be the Executive Secretary of the Commission. He will be assisted on matters of
editorial policy by the Chairman of the Commission’s Standing Committee on Research and Statistics and the members of the Steering
and Publications Subcommittee.

Refereeing. 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 that purpose. On the advice of the referee(s), the Editor will request the author to make such
amendments to his manuscript as will help to avoid error or misunderstanding and add strength to his presentation or will reject the
manuscript. Referees will remain anenymous and will treat all manuscripts as confidential.

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

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

Text
a) Manuscript should be type-written, double-spaced, and on one side only of good quality white bond quarto paper,
size 8% X 11 inches {220 X 280 mm).

b) Leave all margins 1 inch (25 mm) to 1% inches (38 mm) for editorial marks and queries.
) Prepare and submit the original and two carbon copies of the text and at least two sets of illustrations.
d) Number all pages of the manuscript consecutively with Arabic numerals in the centre of the top margin space.

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

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

g) Wherever practical the text should be subheaded into Iniroduction, Materials and Methods, Results, and Discussion.
Authors must provide a Summary which lists one by one the principal facts and conclusions of the paper,
Acknowledgements should be placed immediately after the Summary.

h) All measurements, linear, weight, and time, should be given in numerals (not words) in the metric system. The
Celsius scale should be used as a standard. When other units of measure are preferred, authors should include
equivalents in metric units,

iy Footnotes should be avoided as far as possible, but if necessary they must be numbered consecutively in the text
and type under a horizontal line at the foot of the page concerned.

P Only those words to be printed in italics should be underlined.
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Abstract
Each manuscript should have an abstract not to exceed 3% of the length of the text or 200 words whichever is the smaller.
For position of the abstract in the manuscript see (e} above, The abstract should summarize the contents and conclusions
of the paper. point to new information in the paper and indicate the relevance of the work,
Tables
a} Tahles should be carefully constructed so that the data presented may be easily understood.
b) Tables should be set out on separate sheets following the references.
c) Position of the tables in the text should be indicated clearly,
d)  Each table should be provided with a descriptive 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, elc.
Figures
a) All illustrations, whether black-and-white drawings, graphs, photographs, or tone drawings, are to be considered as
figures.

b) Each figure should be mentioned and described in the text,

) A legend should be provided for each figure; the legends should all be typed together on a separate sheet or sheets
attached to the manuscript following the tables.

d) Figures should be numbered consecutively with Arabic numerals, as Fig. 1, 2, 3, etc.

e) Figures’ should be set out on sheets preferably the same size as the text pages and in any case should not require a
printer's reduction to less than one-third. Small figures can be arranged in groups on sheets the same size as the text
pages.

fy For guidance in preparing figures, the size of the printed area of the Research Bulletin page is 21 x 17 em. The
Butletin will have a two-column format, each column & cm wide.

g)  Photographs presented as figures should be high contrast, 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) 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 given as follows:

Osborne and Mendel (1914a); Osborne and Mendel (19148)
or Oxborne and Mendel (1914a and b); (Barnet and Robinson, 1942; King and Pierce 19434, 1954)

Beference to material nol yet submitted for publication should be written into the text eg. “Harvey, in an
unpublished manuseript, .. ." or “Harvey, in a letter,, . .”

by All references cited by the author-name system in the text should be listed alphabetically by the surname of the firsi
author at the end of the paper. Year of publication follows the anthorship. Then give the full title of the paper. This
should be followed by the abbreviated name of the periodical with the volume and pages in Arabic numbers {c.g.
121 120 - 136}, For abhreviations of periodicals follow the “Word List of Scientific Periodicals™. An issue, number
supplement or other part within a volume is shown in parentheses only when paged independenily (e..:
2(4y:1-56: 34 (Suppl.2) :1-26). Anv special Series (Ser 3, 111, ¢r C) precedes the volume number. [n book
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:

Fxecutive Secretary,

International Commission for the Northwest Atlantic Fisheries,
P. (}. Box 638,

Bartmouth, Nova Scotia, B2Y 3Y9,

Canada,
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