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Note on Growth of American Plaice, Hippoglossoides platessoides
(Fabr.),in ICNAF Subarea 5

By F. E. Lux'

Abstract

American plaice from off New England (ICNAF Subarea
5) grow faster than in western north Atlantic waters farther to
the north. Von Bertalanffy growth equations were

lt =450 []7870'27 (- 0‘4])] for males and

lt =675 [l—e_u‘] 5 (tf().lD)] for females.

Introduction

The arctic-boreal H. platessoides oceurs in coastal
waters across the entire north Atlantic (Bigelow and
Schroeder, 1953). In the 1CNAF Convention Area,
where it commonly is called the American plaice, it is
found as far south as Cape Cod and Georges Bank, the
general area considered in this paper. The US fighery for
this species in waters off New England is comparatively
small: fandings in 1960-67 averaged 2,600 metric tons
per vear. About 95% of this catch came from ICNAY
Subarea 5, particularly from the western Georges Bank,
Stellwagen Bank, and Great South Channel areas. Much
of it was incidental to fishing for other species of trawl
fishes.

Age and growth studies have been summarized by
Powles (1965) who studied American plaice in the Gulf
of 5t. Lawrence (ICNAF Division 4T) and by Pitt (1967)
who determined ages of this fish from Newfoundland
Banks, Grand Banks, and the Labrador Shelf (ICNAF
Subareas 2 and 3). These two papers and a further one
by Powles (1966) provided evidence that the number of
hyaline rings on the otoliths corresponded with age in
years.

Methods and Materials

Age and growth information presented here for
fish of age group | and over is based on examination of
otoliths from 825 plaice. Most of the fish were caught
by otter trawl in a monthly sampling program conducted
from March 1958 through January 1959. The trawling
stalion was in 53-110 m  of water just to the north of
the tip of Cape Cod (approximately 42°10'N, 70°04'W).
[n addition, a sample of l-group fish in this area
collected in August 1960 otter traw! sampling was

included to supplement growth information for this
age-group.

Total length in millimeters and sex were recorded
for each fish and otoliths were excised and stored in 50%
glycerin. The otoliths were examined whole under a low
power microscope, and the number of hyaline rings was
counted.

Observations of gonad condition of these fish
indicated that spawning began in late March, peaked in
April, and was completed by late May. This agrees
closely with information from other studies summarized
by Bigelow and Schroeder (1953), and therefore 1 April
was used as the birth date.

Results

No O-group plaice were caught in the trawl
samples, and growth during the first year therefore was
estimated from lengths of pelagic stage fish. Marak and
Colton (1961) found that larvae, of eggs collected on
Georges Bank in March to early May and hatched aboard
ship, were about 5.5 mm long at hatching. Mean lengths
of 84 pelagic plaice caught in late July and of 13 in early
September were 26 and 34 mm, respectively (Fig. 1).?

Lengths al age by sex of age 1 and older fish
(Table 1, Fig. 1) indicate that the males and females
grow at the same rate until age 4. Following age 4 the
females grow faster. This pattern is similar to that shown
by Powles {1963} and Pitt (1967) for plaice from more

northern areas.

Von Bertalanfly growth cquations of the form
=L, [ 1-eKti=t5)]

in which {; is length at age t, L is the theoretical
maximum length, K is the rate of change in length
increment, and t, is the age at which growth theoreti-
cally hegins were fitted, by the method of Ricker
(1958), to the growth data of Table 1 (Fig. 1). The

resulting equations

! Bureau of Commercial Fisheries, Biological Laboratory, Woods Hole, Massachusetts 02543, 1SA.
Q'Unpublished data from collections by G. F. Kelly aboard R/V Albatross I in the Gulf of Maine in 1957,
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provide eslimates ol the growth rales for fish beyond age
2

The valuer of T, given in millimeters, were
estimated from plots of length at age ¢ against length at
age ¢+ 1 (Walford, 1946). However, female plaice as
large as 700t mm were ohserved in landings from Subarea
3. The equations given here therefore may be slightly in
error hecause of the pavcity of large fish in the age
samples. The rather poor fit of the equalion to the
female length at age data for older [ish also is attributed
Lo the small numbers of fish represented in these groups.

A comparison of growth in different ICNAY
Subareas (Fig. 2) indicates that plaice grow faster in
Subarea 5 than in Div. 4T (Powles, 1965) or in Subareas
2and 3 (Pitt, 1967). Pitt {1967) has shown that growth
of plaice in Subareas 2 and 3 appeared to be directly
related Lo the water temperature. In view of the
generally  higher water temperatures in Suharea 5
(Colton, 1968) compared with those in Div. 4T (Lauzier,
1957) and Subareas 2 and 3 (May et al,, 1963), it
appears likely thal temperalure was a factor in more
rapid growth in Subarea 5.

TABLE 1. Number of fish (1) and mean lengths in centtmeters
at each age (em) for American plaice, by calendar
quarter, from trawl catches in 1358-00,

Age- Apr. - June  July - Sepl, Oct, - Dec, Jan. - Mar,
group n tm 1 cm n cm n cm
Males and females
1 41 10,2 1 11.9 B3 14.4
Males
2 20 179 4] 188 36 206 25 220
3 23 219 42 256 35 265 26 282
4 10 294 11 29.5 3 300 2 300
5 1 35.0 1 33.0 1 28.0 1 33.0
i} 1 33.0 — — - - 4 388
Females
2 32 18.1 38 205 45 209 47 22
3 49 24.5 46 260 60 28] 30 284
4 24 308 18 320 22 32.9 15 34.1
5 7 374 5 38.4 4 370 13 398
6 9 40.1 1 35.0 3 36.0 3 43.3
7 2 43.5 — - - - 1 47.2
] | 141.7 - - - - I 46,0
9 1 199 - — 1 49.9

1 — — 1 159 — -
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Fig. 1. Length at age of male and female American plaice irom Subarea 5, based on

mean lengths of Table 1, and the computed Von Bertalanffy growth equations,
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Fig. 2, Comparative growth rates, based on Yon Bertalanffy growth cquations, of
American plaice from four North American locations. (The data for the Gulf
of St. Lawrence are from Powles, 1905; data for SW Grand Bank and the
Labrador Shelf to Bonivista Shelf are from Pitl, 1967},
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Movements of Haddock Tagged off Digby,

Nova Scotia

R. G. HaIIiday1 and F. D. McCracan]

Abstract

Of 981 haddock tagged off Digby, Nova Scotia (4Xr) in
1963 and 19606, 148 were returned by June 1969, Returns
indicated thal much of the stock present in 4Xr in summer
moved offshore in the autumn to Browns Bank (4Xn, p). Some
fish, probably belonging to an inshore stock, remained in 4Xr
throughout the winter. Apparenily there was no substantial
mixing among this inshore stock and those along the southern
coast of Nova Scotia. Some mixing of 4Xr haddock occurred
with those of 4Xs in the summer but very little with those of
Subarea 5.

Introduction

Tagging experiments off the southwest coast of
Nova Scotia (4Xm, o — see Fig. 2) and on the weslern
side of the Bay of Fundy (4Xs) showed thal haddock
stocks there mixed little with the geographically in-
termediate slock on the castern side of the Bay of
Fundy (4Xr) (Needler, 1930; McKenzie, 1940; Me-
Cracken, 1950, 1960). Results from taggings of 1,100
haddock by Needler (1930) in S1. Mary’s Bay, Nova
Scotia, and of 70 by McCracken (1960} off Digby, Nova
Scolia, were inconclusive due to the small number of
returns (12 and 15 respectively). However, these returns
suggested thal eastern Bay of Fundy haddock were most
closely associated with those of Browns Bank, off soulh-
western Nova Scotia (4Xn, p).

addock landings from 4Xr averaged almost 8,000
melric tons round weight over the 5 year period
1964-08, which was 22% of the average total landings
from Division 4X. Therefore, to determine the relation-
ship of this important haddock stock to those in other
areas, 981 haddock were tagged at approximately 44°
45" N, 657 50" W off 1)ighy, Nova Scotia.

Methods

Six hundred and sixty-two haddock were tagged
between 26 and 29 November 1963 and a further 319
on 19 October 1966. All were caught by otter trawl in
depths of 68-9!'m (37-50 fathoms). Bottom tem-
peratures in Lhe area fished during the 1903 tagging
ranged from 6.5° to 8.0°C and surface temperatures
from 6.6° to 7.6°C. No temperalures were recorded in

1966, Yellow Petersen disc-lype tags were attached
through the back by stainless steel wire, and no fish were
tagged which showed signs of injury during capture.
Most haddock tagged in 1963 were 43-60 cm fork
length, those in 1966 mainly 35-30 cm (Fig. 1). All fish
lagged were large enough to be included in commercial

landings in 4Xr (Fig. 1).

For purpose of analysis, winter is defined as the
period from January to March; spring — April to June;
summer — July to September; and autumn — October to
December. 1ICNAF divisions and Canadian groundfish

3

unit arcas are shown in I%g. 2.

Results

Any mortality which occurred due 1o tagging was
not size-selective as all length groups were represented in
returns approximalely in the proportions tagged (Fig. 1)

Ninety-two (14%) of the haddock tagged in
November 1963 and 56 (18%) of those tageed in
October 1966 were returned by June 1969 (Table 1).
Those returns for which the location and time of capture
are known are plotted in Fig. 2.

Three fish were recaptured near the area of tagging
within a month of their release in November 1963, In
the following winter and spring, seven returns were from
near the mouth of the Bay of Fundy but most were
from offshore banks, southwest of Nova Seotia (4Xn, p).
One was taken in 4W, and two in Subarez 5. In the
summer and autuomn of 1964 almost all recaptures were
from the Bay of Fundy, mainly 4Xr, but also in
moderate numbers from 4Xs. In succecding years the
seasonal pattern of returns was similar to that in the first
year.

Four fish from the 1966 tagging were recaptured
near the arca of release within 2 months, In the
following winter and spring there were five returns from
the Bay of Fundy. But, unlike the pattern of returns
from the 1963 tagging, only Lwo fish were returned from
the offshore banks. Subsequently, the patlern of returns
was very similar to that for the 1963 tagging: most re-
turng from 4Xr in the summer and autumn; from the

! Pisheries [escarch Board of Canada, Biological Station, St. Andrews, New Brunswick.
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Fig. 1.

Length frequencies of tagged haddock in relation to length at tagging of recaptured fish (upper panels), and

length composition of commercial landings about at period of tagging (bottom panels),

offshore banks {(#Xn, p) in the winter and spring; and
moderate numbers taken in 4Xs in the summer and
aulumn.

Thus, of returns for which the location of capture
was known, 81% were from off western Nova Scotia (4X
excluding 4Xs); 10% were from 4Xs; 5% from 52; 3%
from 5Y; and 1% from 4W. These resulls agree closely
with those of earlier tagging experiments by Needler
(1930} and McCracken (1960). Grosslein (1962) reports
that unpublished results of United States taggings south
and west of Digby Neck and on Browns Bank also show
75-80% returns from western Nova Scolia.

Discussion

The haddock fishery in 4Xr (inshore) is prosecuted
mainly in late spring and summer, and that in 4Xn, p
(offshore) in the winter and early spring months.
Fluctuations in landings closely reflect fluctuations in
availability (Fig. 3). The reduced availability in 4Xr in
winter is coincident with the period when tags are taken
offshore in greatest numbers. This appears Lo reflect an
offshore  movement, 4Xr haddock joining the pre-

spawning and spawning concentrations on which the
winter and spring offshore fishery is based.

However, tag recapturcs in 4Xr were not propor-
tional to landings there, but were reported relatively
more frequently in autumn and winter when landings
were low (Table 2). Tagging in 4Xr was carried out
during the autumn period of decreasing availability,
presumably after part of the offshore migration had
taken place, and tags were apparently put on many fish
which were to remain inshore during winter, The
disproportionate number of tags recaptured inshore
during the second winter in both experiments also,
suggesls that there is a resident inshore stock. The lack
of movement offshore dees not appear to have been a
result of immaturity. Over 90% of the haddock belong-
ing to the stock which spawns on offshore banks of 4X
are mature al 45 cm and 50% are mature at 40 cm
(unpublished data). Thus, virtualty all haddock tagged in
1963 were large enough to be mature. Also, those
recaptured inshore in winter and spring (16 fish) were
not, on average, significantly different in size at the time

of tagping from those caught offshore in 4Xn, p (22 fish)
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TABLFE 1. Season and location of returns from haddock tagged off Digby, Nova Scotia,

November 1963 tagging

Subarea Area
4Xr 4Xm-n-o-p-q 4Xs 4W 5 urtknown Total
December 1963 3 — - - - 3
Winter — spring 1964 6 17 - 1 2 2 28
Summer — autumn 1964 15 3 6 — - 1 25
Winter — spring 1965-69 3 5 1 3 - 12
Summer — autumn 1965-68 9 3 1 — 1 2 16
Date unknown 4 L 2 - 1 — ]
Total 40 29 9 2 7 5 92
Number tagged = 662; returns = 92 { 14%)
October 1966 lagging

Nov. — Dec. 1966 4 - - — - - 4
Winter — spring 1967 4 2 1 - - - 7
Summer - autumn 1967 14 2 4 — 1 1 22
Winter — spring 1968-69 4 9 2 | 16
Summer — autumn 1968 3 2 — - 1 — 6
Date unknown — 1 - — _ 1
Total 29 16 5 - 4 2 ah

Number tagged =319; returns =56 ( 18%)

TABLE 2. The relationship between tag returns by Canadian vessels and Canadian haddock landings from 4Xr (landings in metric tons
round fresh).

1963 lagging 1966 tagging
Landings Tags Tags/ Landings Tags Tags/
1,000 tons 1,000 tons
Dec, 1863 185 3 L6 Nov. — Dec. 1966 546 4 7
Winter 1964 285 5 18 Winter 1967 214 2 9
Spring — summer 1964 4,463 5 1 Spring — summer 1967 84,325 11 1
Autumn 1964 — winter 1965 867 12 L4 Autumn 1967 — winter 1968 1,783 5 3
Spring — summer 1965 4,300 3 1 Spring — summer 1968 6,316 3 {
Autumn 1965 — winter 1966 1,102 3 3 Autumn 1068 .037 | 2
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in winter and spring (p = 0.03). The similar size and
probably, maturity, of the inshore haddoeck to those
moving offshore support the conclusion that they belong
to a separate inshore stock.,

The conclusion concerning an inshore resident
stock fits resuits of inshore tapging along the southwest
Nova Scotia coast (4Xm, o) off Halifax, Shelburne, Seal
Island (Needler, 1930), Jordan lHarbour (McKenzie,
1944), and Lockeport (McCracken, 1956), which in-
dicated that a proportion of the haddock in these
regions also were year-round inshore residents,

These earlier tagging experiments also showed that
4Xm-0o haddock tended to move eastwards along the
‘coast. Very few moved westwards and only one fish was
taken i 4Xr. The results presented here show that
haddock from the eastern side of the Bay of Fundy do
not exhibit an eastward coastal migration, only one
tagged fish being recovered inshore east of Yarmouth.
Neither were any of the few returns from fish tagged by
Needler (1930) in St. Mary’s Bay or by McCracken
(1960) off Digby recaptured along the south coast of
Nova Scotia. Thus, there appears to be little mixing of
the inshore haddock stock from the eastern side of the
Bay of Fundy with those off the south coast of Nova
Scotia,
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Forecasting Cod Distribution at West Greenland
by Means of Water Temperature

By 1.1, Svetlov’

Abstract

This paper deals with the resulls of investigations into the
usc of waler temperatures to forecast cod distribution off West
Greenland (JCNAF Subarea 1). Otter-trawl catches in each
statistical division or divisions of Subarea ] expressed as a
percentage of the total annual otter-trawl catch in Subarea 1 is
laken as an index of the distribution of cod. Water temperatures
from Fylas Bank in July 1953-66 and from Godthaab Fjord in
1953-61 are taken as an index of environmental conditions, The
equations for five prognostic relationships show correlation
ceefficients varying from 0.68 to -0.96. Tests of the relationships
showed that the method described may be applied to forecasting
cod catches from 2 to 6 months and 12 months.

Introduction

It is known that the distribution of ced in the
Wesl Greenland area depends to a considerable extent on
the seasonal changes in waler temperature. Such a
relationship has also been demonstrated in the Barents
Sea by Konstantinov (1967) who, using the regularities
of the scasonal migrations of the Barents Sea cod, has
developed a method of forecasting cod distribution
according to the temperature factor. In the present
paper this method has been used in an attempt to reveal
saimilar relationships in the waters off West Greenland.,

Materials and Methods

Waler temperatures obtained mainly by Danish
rescarch vessels in July of each year from 1953 to 1966
at two stations on Fyllas Bank (63°44'N, 54°30'W and
63°5:3'N, 53°22'W) and reported by Hermann (1967)
were taken as an index of the environmental conditions.
Data on water temperatures in Godthaab Fjord from
1953 1o 1961 (Hermann, 1953-61) were also used.

The Lrawl catch of cod in the different statistical
divisions (1A, 1B, 1€, 1D, 1E, and LF) of Subarea 1 of
the International Commission for the Northwest Atlan-
lic Fisheries (ICNAF) expressed as a percentage of the
total annual yield of cod in Subarea 1 was taken as an
index of cod distribution. Data on catch statistics were
obtained from Volumes 4 to 10 of the ICNAF Statistical
Bulletins for the years 1954-68.

Results

Twentysix possible relationships between waler
temperature (t) and the cod distribution indices (F) for
the different Divisions were examined. Attempts have
been made to express the general relationship in Lerms of
F =a+ bt. The most striking relationship was found in a
comparison between the water temperatures in the 0- to
200-m layer on the Godthaab station in October and the
cod distribution indices for Div. 1D and 1E combined in
April-June of the following year (Table 1 and Fig. 1}).
The correlation coefficient of this relationship is -0.96.
The regression equation is F=57.3—-16.2t, where F = cod
distribution index in percent for Div. 1D+ 1E and ¢ =
water lemperature in the 0- to 200-m layer in the
Godthaab Fjord. Comparison of the water temperatures
in the 200~ to 300-m layer in the Godthaab Fjord in
October with the cod distribution indices for Div. 1D
and 1E in April-Junc of the following year (Fig. 2) gives
a correlation coefficient of -0.80, and the regression
equation is F=45.6—-10.3¢.

A significant positive correlation was observed
between the average water temperatures in the 300- to
400-m layer in July at the two Fyllas Bank stations and
the cod distribution indices for Div. 1A, 1B, and 1C
combined in the following year (Fig. 3). The correlation
coefficient is (.70 and the regression equation

F=107+6.7:.

Figure 3 shows that, if the temperature increases
on Fyllas Bank in July, then the cod distribution index
for Div. 1A, 1B, and 1C combined will also increase in
the following vear. By contrast, the cod distribution
index for the southern Div. 1D and 1E combined
decreases during that period.

During the cod growing season, there was a
relationship obtained between the water temperature in
the 0- to 200-m layer at Station | on Fyllas Bank in July
and the cod distribution index for Div. 1D and 1C
combined in August-October. (Fig. 4). This relationship
has a correlation coefficient of (.68 and the regression
equation is F = 0.12 + 2.21,

Ohgervations necessary Lo determine the cod
distribution index for the various divisions for the

1polur Research Institute of Marine Fisheries (PIN R0O), 6 Knipovich Street, Murmansk, USSR.
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Fig. 1.  {(A) Cod distrihutign indices (%) for ICNAF 1iv. 1D and IE combined in April-June (1) and water
temperature ( C) in the 0- to 200-m layer in the Godthuab Fjord in October of the previous
year (2).
{B) The relationship between the cod distribution indices for Div. 1D and 1E combined in
April-June and water temperatures in the 0. to 200-m laver in the Godthaab Fjord in October
of the previous year.
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Fig. 2. (A) The cod distribution indices for Div. ID and 1E combined in April-June (1) and
water temperatures in Godthaab Fjord in the 200- to 300-m layer in October of the
previous year (2},
(B)  The relationship between the cod distribution indices for Div, JD and IE combined
in April-June and water temperatures in the 200- to 300-m layer in Godthaab Fjord
in October of the previous year,
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winlering period of cod are incomplete, Water Lemper-
atures in the 0- to 100-m layer on Lille Hellefiske Bank
in September (data from the Soviet rescarch vessels in
1901-67) were compared with the cod distribution index
for Div. 1B in October-December (Fig. 5). Figure 5
shows that, if the water temperature is higher, the cod
distribution index in Div, 1B increases; but if the
temperature is fower, it decreases,

Conclusions
Relationships obtained from an analysis of avail-
able data confirm that, with increasing water tempera-
Lures, cod in West Greenland waters migrate northward
and, with decreasing water temperatures, cod are dis-
tributed far to the south. The same relationship is
probably true also for the Labrador area (Konstantinov,

1968).

The equations obtained provide a means of fore-
casting, from 2 to 6 months and up to | year in advance,
ithe location of the best areas for scouting for cod.

Test of the actual and calculated values of the cod
distribution index for Div. 1A, 1B, and 1C combined
from the equation F = 10L7 + 0.7t showed that,.in 77%
of cases, the error was not grealer than 20% of the

PR I S 1

T | P |
56 58 60
YEAR

62 €4

Fig. 3. (A)

TABLE . Calculation of cod distribution indices for ICNAF
Div, 113 and 1E combined in April-June for 1954-66,

Cod trawl Fishery im-
catches (tons) Annual cod portance of
in Div. 1D + 1K catch (tons) in Div. 1D + 1K
in Aptil-June Subarea 1
Year (A) (B) AX 100%
1954, 57,740 301,873 19.1
1955 29,478 265,318 22,4
1956 84,588 321,245 26.3
1957 51.384 269,035 19.1
1958 22,010 318,821 16.3
1959 24,278 233,542 10.4
1960 20,440 241,346 8.5
1961 17,661 345,391 5.1
1962 12,661 450,658 28
1963 49,517 405,741 12.2
1964 43,993 349,738 12,6
1965 34,237 360,341 4.5
1966 34,220 306,126 9.3

long-term  amplitude of the forecasting index. This
indicates that the method is satisfactory for tentative
fishery forecasting.

Illlli'lI'{I'T1|II'Il$

64

1 I 1 1 11°
66 30 35 40 45 50

The cod distribution indices for Div. 1A, 1B, and 1C combined per year (1), water

temperatures in the 300- to 400-m layer on Fyllas Bank in July of the previous year (2)
and the eod distribution indices for Div. 11 and 1E (3).
(B)  The relationship between the cod distribution indices for Div, 1A, IB, and 1C combined

per vear and waler temperatures in {

he 300- to 400-m layer on Fyllas Bank in July of the
previous year,
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Fig. 1. (A} The cod distribution indices (or Div. 1D and IC combined in August-Getober (1) and
mean lemperature of the (- to 200-m tayer in July on Fyllas Bank (2).

{B) The relationship between the cod distribution indices for Div. 1D and 1C combined in

August-October and waler temperature in the (- to 200-m layer in July on Fyllas Bank.
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¥ig. 5. The relationship between the cod distribution indices for Div, 1B in October-December (1) and
water temnperature in the 0- to 100-m laver on Lille Hellefiske Bank in September (2) (from
data collected by Soviel research vessels).
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Coastal Currents of the Western Gulf of Maine

By Joseph J. Graham'

Abstract

Coastal currents during 1962-65 are described for an area
extending from the headlands to 28 km offshore and from Cape
Ann, Massachuselts (42039’N, 70°35'W), to Machias Bay, Maine
(44040’[\1, ()7020'W). Recoveries of drift bottles confirm the
major features of the surface circulation described previousty by
other authors. Recoveries of sea-bed drilters suggested move-
ments of water shoreward, as well as into bays and estuaries; and
along the coast for varying distances, This study suggests that
upwelling is the most prominent feature of the coastal circula-
tion. Exceptions occurred at times when, (1) surface water
moved inshore along a dynamic gradient within the castern
sector of the coast, (2) winds, dynamic topography at the
surface, and botlom topography directed surface drifl shoreward
wilhin the central and western portions of the coast, and (3)
hottom water moved parallel with the coast.

Introduction

Concentrations of larval herring, Clupen harengus
harengus L, are associated with circulation features
which transport the larvae or favor their survival. The
circulation of the coastal Gulf of Maine was examined to
determine  which of its features mighl concentrale
herring inshore and thus meril special study. This paper
presents @ comprehensive  deseription of the coastal
circulation and integrates new lindings with deseriptions
provided by varlier researchers in the Gulf.

Colton {(1904) summarized 23 publications con-
cerned exclusively with cicculation features of the Gulf.
Among these, the largest contribution to our knowledge
ol coastal waters was made in Bigelow’s (1927) famous
study of the physical oceanography of the Gulf of
Maine. His interpretation of circulation features was
corroborated by studies of plankton drift by Redfield
and Beale (1940) and others. An atlas of drift bottle
recoverics by Bumpus and Lauzier (1965) depicted the
surface cirenlation of the Gulf with greater exactitude
than did previous works; and included the following
seasonal changes: in aulumn, a counterclockwise eddy in
the northeastern part of the Gulf retreats northward to
an area hetween Cape Sable, Nova Scolia, and the coast.
This area has several smaller irregular eddies in winter. A
southerly [low develops along the western side of the
Gulf. The spring discharge from rivers strongly activates
the Gulf eddy and this large cyclonie gyre occupies all of

the Gull during May. Water moves into the gyre from
the Scotian Shelf and then north into the Bay of Fundy
or west to the coasl of Maine. Less saline water from the
Bay of Fundy moves down the eastern side of the bay
and joins the westward moving gyre. Al times water
moves down the western side of the bay through Grand
Manan Channel directly to the coast of Maine. The flow
continues down the coast past Cape Ann and into Cape
Cod Bay (42°00'N, 70°30'W) or eastward and then
north of Georges Bank. The eddy slows down in June
and by autumn the southern side diverts into a drift
across Georges Bank.

Materials and Methods

Coastal currents during 1962-65 are described for
an arca (Fig, 1) extending (rom the headlands to 28 km
offshore and from Cape Ann, Massachusetts (42°39'N,
70°35'W), to Machias Bay, Maine (44040'1\], 67°20'W).
Data on temperature, salinity, and surface and bottom
drifts were collected from 21 stations during the 11
hydrographic cruises of 1962-65 (Table 1). In addition,
the same observations were made at 10 of these stations
during four plankton cruises (one each season} in 1964
and one in"the winter of 1965 (Sherman 1966, 1967).
At each station a bathythermograph was lowered to the
hottom with Nansen hottles spaced along the wire al the
surface, 10, 20, and 30m and at the bottom. Also, five
surface drift bottles and five sea bed drifters were
releazed al each slation. The bottles were similar to
those used by Bumpus and Lauzier (1965). The sea bed
drifters were provided by the Woods Hole Oceano-
graphic [nstitution, Woods Hole, Massachuselis (Bumpus
1965).

Salinity was determined by the Knudsen method
and relative densily (sigma t) was determined from
salinity and temperature measurements to obtain the
anomaly of dynamic heights relative to 30m at each
station during the 11 hydrographic cruises (Lafond
1951, p. 88). This depth is usually below the seasonal
pyenocline. Correction  terms  for salinily and  tem-
peralure were omitled from the caleulations of dynamic
heights, because of the shallow depths involved. Four
assumplions were made in the interpretation of dynamic

' Burean of Commercial Fisheries, Biological Laboratory, West Boothbay Harbor, Maine 04575, USA.
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Fig. 1. Sampling stations and area of investigation.

TABLE 1. Coastal cruises during which data were colleeted on
cutrents in the Gulf of Maine (Graham 1970).

Season and cruise Dates

Autumn
R-1-62 26 Sept. - 14 Oect,, 1962
R-7-63 12.19 Oct., 1963
R-2-62 30 Oct, - 6 Nov,, 1962
R-8-64 3-12 Nov., 1964
Spring
R-3-64 5- 20 May, 1964
R-4-65 21 - 26 May, 1065
R-4-63 25 May - 2 June, 1963
Winter
R-1-63 816 Jan., 1963
R-2-65 24 Feb, - 4 March, 1965
Summer
R-5-63 11-22July, 1963
R-5-64 - 10 Aug., 1904

topographies: (1) the currents were relative to a re-
ference depth thought to have little or no motion: (2)
accelerations were ignored; (3) frictional forces were
neglected; and (4) the collections of temperature and
salinity data were considered synoptic. Data on the
releases and recoveries of drift bottles and sea hed
drilters were processed by the Woods Hole Oceano-
graphie Institution.

Conlours of dynamic heights are relatively inac-
curale for shallow water bul Bigelow (1927) and
Redfield and Beale (1940) calculated dynamic heights
for the entire Gulf of Maine, and Watson (1930)
caleulated them for the northern part of the Gull and
the Bay of Fundy. Bigelow and Watson used the
contours with drift bottle trajectories to describe succes-
sfully featlures of the circulation in the sense that both
of them coineided. A similar approach is used in this

pﬂp(‘.l’.
Surface Drift

During 1963 and 1964, |.38Y drift bottles were
released along the coast. The average rate of residual
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drift, based on the minimal distance belween locations
of release and recovery, was 3.0 km per day. The drift of
some bottles was negligible, whereas others exceeded 10
km per day.

The largest number of releases was in the autumn,
but recoveries were [ew (Table 2). Only a few bottles
stranded inshore after traveling shorl distances and none
made a circuit of the Gulf (Fig. 2). Recoveries from an
carly Jannary cruise (1963) were lowest, becausc an
offshore component in winter drift ol bottles made Lheir
recovery unlikely il they did not strand by early winter
(Bumpus and Lauzier, 1965). Bottles released during a
late January to carly February eruise (1964) apparently
cntered the subsequent spring circulation. This pro-

2}

bability was indicated by the large number of recoveries,
the increase in the numhber of days the bottles were out,
and the circuitous route of two of the bottles. Many
boltles released in the spring circled the Gulf, and
remained in circulation for a long period. Others
stranded inshore, after moving only a short distance.
These two features of drift were also present in the
summer data. After some releases, the bottles drifted
southward past Cape Ann and then inshore; this drift
was most pronounced for bottles released in summer.

These results suggested that the major features of
the coastal circulation were similar to those of previous
years (e.g., Bigelow 1927; Bumpus 1960; Day 1958; and
Fish and Johnson 1937).

TABLE 2. Percentage recovery, time out, and rate of movement of surface drift bottles and sea bed
drifters released during different seasons.

Season Av, rate
and Number Percent Av. time of travel
vear released recovered out (days) {km/day}

Drift bottles
Autumn
1963 220 7 24 3
1964 215 5 9 3
Winter
1963 159 1 12 18
1964 105 i2 68 5
Spring
1463 130 13 109 1
1964 205 7 80 2
Summer
1963 135 6 a1 3
1964 220 11 42 4
Sea bed drifters
Autumn
1962 205 21 288 0.5
1963 222 43 199 0.2
1964 213 17 167 0.1
Winter
1963 115 20 174 0.2
1964 120 i3 167 0.2
Spring
1963 130 23 271 0.2
1964 LO0 22 164 0.2
Summer
1963 130 42 241 1
1964 100 45 178 0.3
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Fig. 2, Localities of release, assumed routes of drift (drawn from the charts of Bumpus and Lauzier, 1965), and localities of
rccovery of surface drifi bottles released during different scasons, 1963-64, Occasionally, more than one bottle
traveled the same route; they are represented by a single track.

Bottom Drift

The releases of sea bed drifters during different
1962-64 ranged from 100 1o 2225 the
pereentage recovered was relatively high from all releases
(Table 2). Grouped by scason of release, tracks were
drawn to indicate the movement of drifiers along paths
that avoided ledges of rock rising from the bottom (L.
3). as sugeested by a detailed topographic chart of the
coast (Uchuppi 1903). The salient movements of the
driflers along the hottom were: (1) shoreward as well as
into bays and estuaries, and (2) along the coast for

SCAR0NE N

varying distances, The movemenl of waler along the
bottom partly resembled that at the surface. Movements

along the coast were usually from east to west, and, in
the west, drifters moved offshore and southward past
Cape Ann. The movement of boltom water onto shore
and into bays and csluaries was in compensation for the
removal of less saline water along the surface,

The movement of three drifters into the Bay of
Fundy from the vicinity of Machias Bay was probably
unusual. Lauzier (1967} found that the average move-
ment of drifters in this area was from the Bay of Fundy
into the Gulf of Maine, and that some drifters turned
towards the coast of Maine. Bottom water usually
moved into the Bay of Fundy.:)n the Scolian side of the
deep trough penetrating the Bay from the Gull.
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SEA BED DRIFTERS
o RELEASE
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Fig. 3. Localities of release {open circles), assumed routes of drift, and localities of recovery (solid circles) of sea bed
drifters released during different scasons, £962-65. A dotted line indicates movement of one drifter; a solid line,
more than one.
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Fig. 4. Frequencies of the prevailing directions of winds and the straight line drift of bottles released
from the Portland Lightship. A doubledine arrow indicates the largest percentage for each
rosette of frequencies,

The residual drift averaged 0.09 to 0.54 km per
day. This rate of drift was slighily less than that
obtained on the continental shelf of the Canadian
Atlantic coast (0.4-1.3) by Lauzier (1967) and on the
continental shelf of the American Middle Atlantic Bight
(0.20.9) by Bumpus (1965). The average ralio of
bottom drift Lo surface drift (0.03-0.19) was less than,
but overlapped, the ratio (0.10-0.33) obtained by
Lauzier (1967) for the Canadian coast.

Factors Affecting Non-Tidal Drift

The major {orces causing non-tidal drift of the
coastal waler are winds and dynamic pressure gradients

influenced by varialions in temperature and river dis-
charge. The direction of water movement is affected by
Coriolis force and contours of the bottom and shore,

Winds

To determine the relation of wind and currents
near shore, the seasonal releases and recoveries of drift
bottles from the Portland Lightship (43°32'N, 70°06'W)
south of Casco Bay were compared wilth prevailing
winds. Frequencies of wind directions were obtained
from the 1].5. Weather Bureau at the Portland airport,
approximately 25 km from the lghtship. The average
prevailing winds at the airport were westerly, varving
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from north lo south, during the present study. Seasonal
prevailing winds were also tabulated [or coastal weather
stations at Porlsmouth, New Hampshire, and Brunswick,
Maine, which are west and easl, respectively, of the
Portland airport. The average prevailing winds differed
little among the stalions and from those usually en-
countered offshore (U.S. Navy, 1955). Secasonal fre-
quencics for the direction of prevailing winds al the
Portland airport and for drift bottles released from the
lightship were determined for 45° intervals of the
compass. The value determined within each interval was
then plotted al a distance from the point of release
relative Lo its frequency of occurrence (Fig. 4). The few
bottles that were assumed to have traveled a circuitous
route around the Gull — cight in the spring and three in
summer — were omitted from the plot.

The seasonal directions of prevailing winds and
straight-line drifts of the bottles were correlated when
the expected dellection of drift to the right of the
prevailing winds by Coriolis foree was considered. In
autumn, winds were mostly from north to west, and
recoveries were to the sonthwest and along the coast. In
winter, easterly winds were less and southwest winds
were slightly greater than in the autumn, presumably
leading to a greater loss of bottles to offshore waters
than in other seasons. Although recoveries were few,
they increased in the southeast direction, then offshore.
In spring, winds were more variable and so were the
directions of recovery., Northern and western wind
components still drove some bottles southwest, but a
relative increase in sontherly and easterly winds in-
creased recoveries to the northeast. In summer, com-
paralively grealer frequency of winds from the south-
west to southeast increased the recoveries to the
northeast. Bigelow (1927
ment ol botUes shoreward in the summer, from a
southerly line of stations passing through the present
location of the lightship to 27 km offshore. Beyond this
distance his botiles usnally entered the offshore cireula-
tion of the Gulf - possibly the Gulf of Maine eddy.

also found a similar move-

Day (1958) demonstrated the cffect ol Coriolis
foree in deflecting the direction of the net drift of
surface waler to the right of wind direction in Lhe
offshore Gull of Maine, and Bigelow (1927) showed this
effect for antumn and summer currents al the Portland
Lightship. When winds blew toward the southern half of
the compass at the lightship, the monthly resultant
surface drift was usually direcled shightly to the right of
the wind. Winds blowing against the presumably south-
een drift sometimes reversed the resultant surface drift
either to the right or stightly to the left of the wind,
depending on the interaction of wind direction and
strength, original direction of the eurrent, and configura-
tion of the coast. This complex interaction is also
suggested by the variability of wind and current direc-
tions in spring, when it is accentuated by increased river
discharge.

Dynamic pressure gradients

Anomalies of dynamic height and streamlines for
the coastal cruises suggest the direction, variability, and
complexity of surface currents (Fig. 3). The northward
retreat of the counterclockwise eddy, located in the
northeastern part of the Gulf, was evident in the
autumnal plotz of dynamic contours. During  the
September-October  cruise, streamlines followed  the
coastline from east to west to Penobscol Bay, where
they curved offshore. In subsequent cruises, the stream-
lines curved offshore farther to the cast and in October
1963 the periphery of the retreating counterclockwise
eddy was apparent. In early autumn, the strong gradient
within a body of lower salinity west of Penobscot Bay,
implies a current paralleling the coast to Cape Ann
where the streamlines curved offshore. Subsequent
cruises showed a strong gradient south of Penobscot Bay
and weaker gradients to the west. A small clockwise
eddy was also present south of Casco Bay in October
1963. In winter, shoreward convergence was indicated in
the eastern sector of the coast thal was not evident
during olher seasons. Winter winds generally drive the
surface water westward and offshore. When these winds
are quiescent, presumably, the orientation of the dynam-
ic gradient would suggest a movement of surface waler
inshore at a low velocity. Estuarine discharge strongly
activates the large Gulf of Maine eddy during the spring,
but the spacing of the rivers along the western seetor of
the coast complicates the circulation near shore. In May
1964, the streamlines followed the coast closely from
casl 10 wesl with a single interruption, in Ipswich Bay.
In May 19605, streamlines were directed offshore just
west of Penobscot Bay. A number of eddies were
depicted from Casco Bay Lo Cape Ann. The arrangement
of dynamic contours also suggested eddies during July
19063 in the western sector of the coast. During August
1964 cddies were lacking, and the streamlines were
dirccted obliquely offshore over a large sector of the
coast — producing conditions similar to those observed
in the September to October cruise of 1962,

The major surface currents depicted by the stream-
lines agreed with the general circulation known for the
Gult of Maine. Certain irregularitivs in the streamlines
are also indicated by the drift bottle atlas of Bumpus
and Lauzier (1963): the winter convergenee shoreward,
the summer clockwise eddy east of Casco Bay, and Lhe
clockwise or anticlockwise eddy south of Casco Bay. It
is assumed that the shoreward recovery of drift bottles’
in these arcas is indicative of the eddies, which would
retain the boltles vear the coast and {urther their
shoreward recovery.

The spring eddy and the summer shoreward
movement indicated by the streamlines in the vicinity of
Ipswich Bay had no counterparl i the atlas. Bigelow
(1927) did report, however, an indraft of olfshore water
in the vicinity of the Isles of Shoals in lpswich Bay
during May; perhaps an indication of the development of
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Fig. 5. Dynamic topography at the surface relative to 30m.

an eddy. The irregular appearance of the streamlines
pointing shoreward off Ipswich Bay can be altributed to
the bottom topography of this area. The coastal circula-
tion is apparently more complex than the single clock-
wise eddy located by Bigelow (1927) south of Casco Bay

in the sumimner.

Topography
Bottom
Variations in topography and configuration of the
shoreline affected the coastal circulation. For example,
the irregular appearance of streamlines off Ipswich Bay
in August (Fig. 5) can be explained by the effect of

shoaling on currents (Sverdrup, Johnson, and Fleming
1942, p. 466). This effect was possible in lpswich Bay
because other factors were apparently inactive; wind
velocities were low and estuarine discharge was reduced
by drought. Water flowed through Jefferys Basin and
ascended from 146m to 54m as it passed over a
submarine ridge, Old Scantum and New Scantum (Fig.
6). The velocity of flow increased wilh this reduction in
volume and Coriolis force deflected the current to the
right of the direction of flow. Once vver the ridge, water
descended into Scantum Basin (120m deep), and the
flow reversed to the left (upper arrow in Fig. 0). As
waler ascended from Scantum Basin to the shelf, the
streamlines followed the contours of the shelf.
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Fig. 6. Detail of figure 5 (August 1964), the effect of bottom irregularities on the
dynamic topography.

Shoreline Configuration

Cuorrents in the coastal embaymenis are com-
phcated by the irregulaar shape of the shorcline, by
islands and ledges, and by estuaries within or adjacent Lo
the embaymeats. The less saline water as it left
Penobscot Bay was deflected westerly by Coriolis force
through a complex of channels, ridges, and islands as
surface salinily increased seaward from 28.5 oo 1o
312 7oo (Fig. 7). More saline water occurred at the
opening to the castern side of the bay 1o compensate for
the mixing of salt water with river discharge and its loss
from the bay. The Kennehbec and Sheepscot Rivers
discharged estuarine water from long narrow drowned
river valleys onto a shelf that was less complex and
rough than that off the Penobscot. Thus, the surface
salinity was nearly constant from the mouth of the

estuary 1o the vicinity of the 90-m isobath, although the
flow was also deflected westerly.

Movement of Coastal Water

The immediate sources of water for the coastal
shelf (30-100m depth) are estuarine discharge, the
western basin of the Gulf of Maine, and the Bay of
Fundy. After a sojourn over the coastal shelf, water
moves offshore, gencrally in the vicinities of Penobscot
Bay and Cape Ann. The sources, movement, and
destinations of coastal water are summarized in Table 3
and the imferred routes of travel of a particle of water
are shown in Fig. 8. They suggest that surface water
generally moves along the coast and bottom water moves
shoreward.
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Fig. 7. Effects of estuarine discharge from the Penobscot, Kennebec and Sheepscot Rivers during May 1965, Stipled areas
have salinities less than 30 %o

Thus, upwelling was the most prominent feature
of the circulation along the coast of the Gulf of Maine.
As deseribed by Lauzier (1967) for the Canadian
Atlantic shelf, water was carried parallel Lo or offshore
from the coast at the surface with a compensatory
movement inshore along the botlom. Exceptions to
upwelling occurred when, (1) surface water moved
inshore along a dynamic gradient within “the eastern
sector of the coast; (2) winds, dynamic topography at
the surface, and bollom topography directed surface
drift shoreward within the central and western portions
of the coast; and (3) bottom water at times moved
parallel with the coast.

Shoreward movements of water are important to
the transport and accumulation of small herring inshore
and to the accumulation and retention of forage
(plankion) that partly determines their survival. Indrafts

of offshore water associated with estuarine discharge in
the central and western sectors of the coast, with
bottom topography in the vicinity of Ipswich Bay and
with dynamic gradients in the easlern sector meril
further investigation,

Summary

Drift bottles, sea bed drifters, and dynamic topo-
graphy (surface) were nsed to deseribe the cireulation of
the weslern coast of the Gull of Maine during 1962-65.

Recoveries of drilt bottles released in aulunn and
winter were fewer in number and were made afler fewer
days al sea than those released in spring and summer.
Botties moved in a circuitous route around the Gull in
the spring and summer, and many drifled southward
past Cape Ann. The average residual drift for all bottles
was 3 km per day. The results suggested that the major
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TABLE 3. Movements of coastal water, Figures cited are from this paper.

Initial location

Area

Depth

Movemenl

Destination

Area Depth

. Bay of Fundy

Surface

West of Grand Manan
Island to Maine coast, or to
east side of the !sland and
then west to the coast of
Maine. Primarily in spring,
autumn, and winter
(Chevier and Trites 1960)

Eastern
sector

Surface

of coast

. Western  BRasin off

the eastern sector of
the coast

Surface

Inshore during winter (Fig.

)

Inshore Surface

. Eastern seclor of

the coast

Surface

Westward along the coast,
then offshore near Penob-
scot Bay, and parallel to
the western sector of the
coast, finally inshore as a
compensatory current or a
current diverted by bottom
topography. During au-
tumn, spring, and saummer
(Figs. 0, 8, and 9; also
Bigelow 1927)

Inshore Surface

. Western Basin  of{

eastern and central
coastal sectors

LO0Om and deeper,
hottom

Inshore along the bottom.
All seasons (Fig. 4 also
Lauzier 1967)

Shore Surface

o

. Jefferys and Scan-

tum Basins

100m and decper,
bottom

Inshore along the bottom.
All seasons (Fig. 4)

Shore Surface

0.

Coastal

30-100m, bottom

From east to west along
the bottom and then in-
shore, All seasons. Occa-
sionally eastward into the
Bay of Fundy {Fig. 4)

Shore Surface

. Penobseot Bay

Surface

Sinking during winter in a
southerly direction to 150
m  and deeper (Bigelow
1927).  Possible refurn
along the bottom (Fig. 4)

Offshore . 100m

Shore Surface

features of the circulation of the Gulf of Maine were
similar to lhose of previous years.

Recoveries of sea bed drifters released during each
of the four seasons were relatively high. Drifters moved
shoreward into bays and estuaries and along the coast
{or varying distances. The residual drift averaged 0.09 to
0.54 km per day, or slightly less than that found by
other workers on the Canadian Atlantic coast and the
American Middle Atlantic Bight. The ratio of botlom
drift to surface drift averaged 0.03-0.19, also shightly less
than that on the Canadian Atlantic coast.

Although the net drift was usually from east Lo
west along the coast, winds and dynamic pressure
gradients were influenced by Coriolis foree and botlom
topography 1o propel water shoreward. Water moved
inshore during winter within the eastern sector of the
coast and inshore in the central and western sectors of
the coast during the spring, summer, and autumn.

Information from this study and that of previous
studies was combined Lo summarize the sources, move-
ment and destinations of coastal water.
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Fig. 8. Inferred routes of travel of a particle of water from immediate sources of water to the coastal
sheif (30 to 100m depth). Numbers 1-7 refer to Table 3. Shaded depths exceed 100m.

The most prominent feature of the circulation
along the coast was upwelling; water was carried parallel
to or offshore from the coast at the surface with a
compensatory movement inshore along the hottom.
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Assessments of the Effects of Increases in the Mesh Sizes
of Trawls on the Cod Fisheries in the Southern Grand
Bank Area (ICNAF Divisions 3N and 30)

1

By A. T. Pinhorn

Abstract

Tolal cod landings were lower in the 1956-64 period than
in 1954-55 bul then increased steadily to 1906, with a greater
than two-fold increase in 1967 attributed to an intengive fishery
on the 1964 year-class. Otter trawl and pair trawl were the mosi
prominent gears and Spain, Portugal, and USSR the most
prominent countries. Landings per hour fished were ai a high
level in 1954-57 but decreased about 50% in 1958-62 followed
by an increase to the former level in 1963-67. These changes
were attributed to a lack of recruitment of successive vear-classes
lo the fishery in 1958-62. Total effort was slightly lower in
1956-58 than in 1954-35 bul returned to the former level in
1959-61. It then decreased 100% in 1962-61 but increased
steadily to a high level in 1967, Estimates of toial effort based
on country were lower than those based on tonnage class,

The grealest long-term  gain for olter trawlers was
predicted at 5Y2-inch mesh for the lowest value of E and al
6-inch mesh for the other values of E in the 1959-62 period, and
for all values of E in the 1963-66 period. The greatest gain to the
offshore line landings and total landings was predicted at 6-inch
mesh for all values of E in both periods. [mmediate losses would
have been 10% or less in 1959-62 and 13% or less in 1963-60 for
increases from 4- to ®einch mesh. The predicted immediate
losses were grealer at the larger mesh sizes during 1963-66 than
1939-62 due 1o the larger numbers of smaller fish caught and
landed in 1963-66. The same was true in comparing 1959-62
with 1933.38, the grealer immediale losses being predicted in
1959-62. The predicted long-term gaing at the two higher values
of B were greater in 1959-62 than in 1955-58 and in 1963-60
than in 1959-62 because of an increase from 1955-38 to 1963-66
in the proportion of small fish that would have been released by
a larger mesh.

The necessity of more adequate sampling of cod catches in
SNO is emphasized.

Introduction

Previous assessments on 3N cod were reported
by Beverton and Hodder (1962) {or the 193558 period.
In view of more recent data on mortality and growth of
INO cod, it was suggested at the 19068 ICNAEF Annual
Meeting that “the Research and Statistics Committee
should be asked to provide new assessments as soon as
practicable™ for (his area. New assessmenls have been

made for 3NO cod based on 1959-62 and 1963-66

combined data and the results are presented in this
paper.

Trends in Landings, Effort and Landings per
Effort During 1954-67

Total landings2

Total eod landings from 3NO deereased from
about 120,000 metric tons in 1954-35 to an average
level of 60.000 tons in 1956-641. Landings then increased
to 106000 tons in 1966, followed by a greater than
two-fold increase in 1967 to 220,000 tons (Table 1 and

Fig. | A).

Otter trawl and pair trawl accounted for most of
the landings with offshore line contributing very little,
especially i recent years. Otler trawler landings were
high in the early 1950 but decreased Lo about the level
of pair trawler landings until 1964, They then increased
steadily in the 19635-67 period, with a two and one-half
fold increase in 1967 over 1900, Pair trawler landings
remained reasonably stable at about 20,000 30,000
tons during 1954-62, after which they increased to
about 60,000 tons in 1965-67. Offshore line landings
have decreased since 1939 to a very low level in 1967

{(Table 1 and Fig. TA),

Portugal and Spain were the largest contributors to
the total landings until 19060, when USSR entered the
fishery. Portuguese landings declined during the entire
period  while Spanish Tandings increased after 1902,
USSR landings increased after 1964 with a three-fold
mnerease i 1967, Thus, the imerease in total tandings
after 1902 was due Lo inereased landings by Spain and
USSR, and the sudden increase in 1967 was mainly due
to increased landings by USSR (Table 1 and Vig. T3},

Total effort and landings per effort

Several methods have been used by various authors
to estimate total effort and landings per unit of effort
for particular species or  combinations of  species
(IHodder. 1965 Wiles, [967: May, 1968). Since no
comparisons  of these different methods have heen
reported, il was decided to estimate total effort and

Fisheries Research Board of Canada, Biological Station, St. fohn’s, Newfoundland.

zLandin}zﬁ as used in this paper refer to the live equivalent weight of the landings, vow commonly called nominal carch.
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Spanish pair trawler hours for each month were
then adjusted by a factor of 1.2 and added to
Spanish otter trawler hours for the corresponding
month. The resulting figures were divided into the
combined landings of Spanish otter trawlers and
pair trawlers for main species cod to produce
landings per standard Spanish otler trawler hour {or
each month.

These values were then plotted against landings per
hour for {a) USSR otter trawlers, tonnage classes
151-1800, (b) USSR otter trawlers, tonnage class
>1800, (¢) Canada (Nfid.) otter trawlers, (d)
Portugal dory vessels, producing conversion factors
of 0.3, 1.4, 0.6 and 0.033, respectively (Fig. 2,
B-D).

The effort for these countries (hours fished) tor
each year was then adjuslted by the appropriate
factor to standard Spanish otter trawler hours and
added to the standard Spanish otler trawler hours
derived in (3) above.

The total landing of these countries when cod was
main species was then divided by the total hours in
standard Spanish otler trawler units for each year to
produce landings per standard Spanish olter Lrawler
hour. These values were then divided into the Lotal
cod landings of all countries and gears regardless of
main species to obtain lotal effort figures for all
countries and gears combined in slandard Spanish
olter trawler umits,

This method provides estimates of the total effort

expended for cod if all countries landing cod had been
fishing primarily for cod. A similar method was used by
Hodder (1965) for Subarea 2 and 3K-3L cod, by Wiles
{1967) for 4R and 48 cod and by Pinhorn (1969} for
3Pn cod.

Method 2 (Effort adjusted by tonnage class)

Tonnage classes referred to are as follows:

Tonnage Class 1 - 0-50
. “ 2 - 51-150

e 3 —  151-500

. ‘ 4 — 501900
¢ i 5 -~ 8901-1800

¥ w 6 — >1800

Entries for cod landings and hours fished where cod
was Lhe main species {using the 50% criterion) were
selected and tabulaled by gear, tonnage class, and
month for each year. Landings per hour fished were
then calculated for each month.

Plots of landings per hour fished for otter trawlers
yielded no clear relationships between different
lonnage classes and thus no conversion factors.
Consequently, landings and hours for total
groundfish were selected and tabulated by gear,

tonnage class and month for each year, and landings
per hour fished for each month calculated.

3. Total groundfish landings per hour fished for otter

L/HR. [TONS)—TONNAGE CLASS 6 —OT

L/HR. {TONS)-TONNAGE CLASS5—0T

L/HR. {TONS}—~SPAIN—~PT

Fig. 3.

'S

ot

~N

trawlers, tonnage class 3, were plotted against oller
trawlers, tonnage classes 5 and 6, for each month in
which each fished at least 100 hr. Straight lines
drawn by eye to these points yielded conversion
factors of 2.4 for tonnage class 6 and 1.2 for
tonnage class 5 (Fig. 3).

L Circled points nol used B

Ry all UNITED KINGDOM cod.

1 | | L 1 | l ] Il 1

1 1 1 I 1 L L | 1 1 |

0 I 2 3

L/STD TONNAGE CLASS 3 OT HR. {TONS)

Plois of total groundfish landings per hour fished for

the major otter trawler tonnage classes and for pair

trawlers fishing in 3NO, 1959-66, with corresponding

straight lines fitted by eye, Circled points were not
used in drawing straight lines.
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4. Hours fished in each month when cod was the main
species caught for tonnage classes 5 and 6 werce then
adjusted to standard tonnage class 3 hours by the
appropriate conversion factors and the resulling
figures added to unadjusted hours for tonnage class
3. These were then divided into the total landings
by trawlers i the three tonnage classes when cod
was Lhe main species to provide landings per
slandard tonnage class 3 hour.

[y ]

These values were then plotled by year against
Spanish  pair trawler landings per hour, since
monthly plots yiclded no clear relationships. The
slope of the line by eye through the origin (1.9) was
then used to adjust the hours fished in cach year by
Spanish pair trawlers to standard tonnage class 3
trawler hours (Fig. 3).

6. These adjusted Spanish pair trawler hours were then
added to the standard tonnage class 3 trawler hours
for each year and the resull divided into the Lotal
landings by otter trawlers, tonnage classes 3,5, and
6, and pair trawlers, when cod was main species,
This produced landings per standard tonnage class 3
trawler hour for each year. Dividing these values
into ‘e tolal fandings by all tonnage classes of otter
trawters and all gears resubted in estimates of total
effort for the entire fleet in standard tonnage class 3
Lrawler hours.

This method provides estimates of the total effort
expended for cod in terms-of tonnage class 3 hours il all
tonnage classes of otter trawlers and all gears landing cod
had been fishing primarily for cod.

Method 3 (Effort expressed in terms of one tonnage
class)

I. Cod landings and hours for otter trawlers and pair
trawlers where cod was the main species were
tabulated by tonnage.class {or each vear, after pair
trawler hours had been adjusted by 1.9 to tonnage
class 3 otler rawler hours. Landings per hour were
then caleulated for each tonnage class.

2. Landings per hour for Lonnage class 3 were divided
into the total landings of cod by all tonnage classes
of otter trawlers and all gears for cach year,
resulting in estimates of tolal effort in standard
otler trawler tonnage class 3 hours.

This method provides estimates of total effort
expended for cod if all tonnage classes of olter trawlers
and all gears landing cod bad been fishing primarily for
cod with the same elficiency as tonnage class 3 otter
trawlers. Thus, the ef{ort measure derived iz in the same
terms as that derived by Methed 2, though the
extimating procedures are different. A procedure similar
to Method 3 was used by May (1968) for total

groundfish in Subareas 2 and 3, except thal he used days
fished rather than hours fished.

Method 4 (Efforl cxpressed in lerms of one country)

1. Landings per standard Spanish olter trawler hour
derived from adjusting Spanish pair trawler hours to
Spanish otter trawler hours in Method | were
divided into the total cod landings by all countries
and gears to obdain estimates of Lotal efforl in
standard Spanish trawler units.

This method provides estimates of total elfort
expended for cod if all countries and gears landing cod
had been fishing primarily for cod with the same
efficiency as Spanish otter trawlers. A similar method
was used by Hodder (1964). Again, this gives effort
meagures in Lhe same terms as by Method |, but by
different means.

It is evident from Fig. 4 that all four methods
produced similar trends in total effort and landing per
elfort, but the actual values were different between
Methods 1 and 4 and Methods 2 and 3. Methods | and 4
produced almost identical results and  this s not
surprising since, as can be seen from Fig. |, Spain
accounted for most of the landings up to 1966, Methods
2 and 3 also produced almost identical results in terms
of absotute fishing effort and landings per effort. Again,
this is to be cxpected since both are based on tonnage
class 3 olter trawlers (including pair teawlers), which
accounted for most of the landings, at least up to 1966
(Fig. 5).

Landings per hour fished were al a high level in
1954-57 but decreased aboul 509 in 1958 and remained
at this lower level during 1958-02. Landings per hour
again increased o the 195457 level in 1063 and
fluctuated about this higher level during the remainder
of the period. Total effort was slightly lower in 1950-38
than in 1954-55 but returned to the former level again in
1959-61. It then decreased 100% (o a lower level in
1962-64 butl increased steadily to a high level in 1967,
The effort in 907 was 2-3 times greater than the effort
in 1966,

Tonnage class 3 otter trawlers were nsed in Iig. 4
to estimate total cifort by Method 4, since thix elass
contributed most heavily to the total cod landings over
the period. However, the trends in lundings per hour
were somewhal different for the three major tonnage
classes and different concluzions regarding trends in
effort would be reached by using tonnage classes 5 and 6
mstead of 3 (Fig. 3). On the other hand, calculations
based on these larger tonnage classes might be of little
meaning because of their relatively small contribution to
the landings prior to 1966,
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Assessments of the Effects of Increases in
Mesh Sizes of Otter Trawls

From 1959 to 1962, with the exception of USSR
length measuremenls totalling about 30,000, there were
only 1,100 length measurements of catches before
discards from the commercial cod fishery by all other
countries fishing in 3NO. In addition, Canada (Nfld.)
obtained about 25,000 length measurements of cod
caught on research vessel cruises. Consequently, it was
decided to combine USSR commercial length frequen-
cies and Canada (Nfld.) research vessel length frequen-
cies in these assessments to obtain representative lenglh

frequencies of the commercial catches before discards in

the 1959-62 period.

Similarly, since there were only 3,200 and 3,700
length measurements of catches before discards in 1963
and 1964, respectively, and no measurements in 1965
and 1966, it was decided to use Canada (Nfld.) rescarch
vessel length frequencies totalling 32,000 to derive
representative length frequencies of the commercial
catches before discards in the 1963-66 period.

Since the Canada (Nfld)) length frequencies were
of fish caught with a 41-5 otter traw! with the codend
lined with a 1}-inch nylon liner, a d-inch selection curve
was applied to the length frequencies for each year to
artive at a frequency represenlative of a 4-inch mesh
catch, the minimum regulation mesh size in force during
both periods. Canada (Nfld.} and USSR frequencies were
combined for cach year during 1959-62 and the resulting
frequeney considered to be representative of the
commercial cateh before discards in 3NO for cach year.
From 1963 to 1966, the Canada (Nfld.) research
frequencies alone, adjusted to 4-inch mesh for each year,
were considered to be representative of the commercial
cod catch before discarding for that year.

Since there were only 5,000 length measurements
of landings after discards in 1959-62 and less than 9,000
in 1963-66 and since Lhe numbers of fish measured
varied from none in 1960 to 4,000 in 1965, it was
decided o use a landing frequency derived from the
catch  frequency used above. Assuming  knife-edge
discarding between 39-41 ¢m and 42-44 cm (Beverton
and Hodder, 1962) and by applying a weight-length key
to the catch frequency above the discard length, the
average weight of fish landed in each year was
caleulated. I'rom a knowledge of the weight landed by
all countries and the average weight of fish landed, the
total number landed in each year was calculated. Using
the percentage discarded from the calch frequency, the
number caught in each year could then be estimated.
The catch [requency for each year was then adjusted to
the number caught in that year and by combining years,
the average catch and landing frequencies for 1959-62
and 1963-66 were derived.

The method used in the assessments for predicling
immediate losses and long-term changes was identical to
that outlined by Gulland (1961) and as applied by
Beverton and Hodder, eds. (1962). Total mortality
estimate (Z) and growth parameters (L,,k,t,) used for
the 1959-62 assessments were from Williamson (1963).
Growth parameters used for the 1963-66 assessments
were from Wells (1969}, while Z was determined from
Polish age frequencies for 1965 (1CNAF Sampling
Yearbook, Vol. 10). Since il was impossible to separate
Z into its natural and fishing components, the same
range of values of M was used as in Beverton and

Hodder, eds. (1962).
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TABLE 2.  Summary of assessments for 3NO cod, 195962 (offshore line unadjusted}.
Percentage change in 1959-62 landings
Mesh size Long-term change for
change Ie to 0.44 0.63 0.81 E
(inches) {em) (y7) Gear Immediate 0.24 0.34 0.44 F
From 4 to 35.16 3.22 group loss 0.30 0.20 0.10 M
4} 39.16 3.58 Trawl - 1.73 +3.45 +5.82 +8.15
Line 0 +5.27 +7.68 +10.05
Total — 142 +3.78 +6.15 +8.49
5 43.19 3.95 Trawl — 4.55 +6.17 +11.37 +16.69
Line 0 +11.23 +16.68 +22.25
Total — 3.72 +7.09 +12.34 +17.70
3% 49.10 4.48 Trawl — 10,43 +8.52 +18.75 +29.77
Line 0 +21.63 +33.10 +45.45
Total — 8,54 +10.89 +21.35 +32.61
6 32.81 4.91 Trawl —16.20 +8.23 +21.91 +37.19
Line 0 +29.24 +45.58 +63.83
Total —13.31 +12.04 +26.20 +42.02
TABLE 3. Summary of assessments for 3NO cod, 1963-66 (offshore line unadjusted).
Percentage change in 1963-66 landings
Mesh size Long-term change for
change le te 0.33 0.56 0.78 E
(inches) (em) (¥yr) Gear immediate 0.15 0.25 0.35 F
From 4 to 33.21 3.08 group loss 0.30 0.20 0.10 M
4% 38.01 3.54 Trawl — 235 +3.35 +7.40 +11.60
Line 0 +5.84 +9.98 +14.29
Total — 220 +3.52 +7.56 +11.78
5 42,60 3.99 Trawl — 6.06 +5.92 +14.87 +24.58
Line 0 +12.75 +22.28 +32.62
Tatal — 5.67 +6.36 +15.35 +25.10
5% 48.44 4.60 Trawl —13.26 +7.63 +24.36 +43.54
Line 0 +24.08 +43.37 +63.48
Total — 1242 +8.67 +25.56 +44.93
6 52.73 5.07 Trawl -- 19.90 +7.81 +31.22 +59.09
Line 0 +34.59 +63.82 +98.62
Total — 18.62 +9.53 +33.32 +61.64

Tables 2 and 3 summarize the assessments for 3N(
cod during 1959-62 and 1963-66 respectively. Table 4
presents the previous assessments for 1953-38, for which
the mesh size in use by commercial trawlers was
considered to be 3-inch,

From 1959 to 1962 the greatest long-term gain for
otter trawl was predicted at 5%i-inch mesh for the lowest
value of E and at 6-inch mesh for the other values of E.
The greatest gain Lo the offshore line landings and total
landings was predicted at © inch for all values of E.

Immediate losses were 10% or less for increases from 4
to 5% inches.

From 1963 o 1966 greatest predicted long-term
gains were at 0-inch mesh for otter trawl, offshore line
and total landings for all values of E. Immediate losses
were | 3% or less for increases from 4 to 5% inches.

Except for the initial increase to 4%-inch mesh,
where the immediale losses were approximately the
same in the three periods, the losses would have been
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TABLE 4.

Summary of asscssmenis for 3NO cod, 1955-58 (offshore line unadjusted).

Percentluge change in 1955-58 landings

Mesh size

Long-term change for

change I, te 0.57 0.71 0.87 E
(inches) {em) (yr Gear Immediate 0.40 0.50 .60 F
From3 to 39.2 3.2 group loss 0.30 0.20 0.10 M
4 41.3 3.4 Trawl 1.3 +2.7 r3.7 +4.8
Line 0 +4.0 3.0 +6.1
Total 1.0 +3.0 +4.0 5.1
4% 13.1 3.6 Trawl 3.2 +4.3 +6.3 +8.5
Line 0 +7.0 +9.5 +11.8
Total 25 +5.0 +7.0 +9.2
3 15.5 39 Trawl 6.6 +5.6 9.1 +13.1
Line 0 +12.2 +H5.7 +19.7
Total 5.2 17.0 +10.5 +14.5
Sl 49.6 4.3 Trawl 14.3 +6.2 H12.7 +20.2
Line 0 +20.5 +26.9 +34.4
Total -11.3 +9.2 +15.7 +23.3
6 53.3 1.8 Trawl — 225 +4.7 +14.2 +25.7
Line 0 27,2 +36.7 +48.1
) Total -178 +9.4 +18.9 +30.4

less in 1959-62 than in either ].955-58 or 1963-06. The
losses in facl would have been very similar in the

1955-58 and 1963-60 periods,

Al the lowest value of E the long-Llerm changes are
very similar for lhe three pertods, although there is a
slight difference at mesh sizes 5% and 6 inch, the
1959-62 and 1963-66 values being slightly higher than
the 1955-58 values.

At the two higher values of E the predicled
long-term changes (gains) were greatest in 1963-66 and
least in the 1955-58 period. This was more pronounced
at the larger mesh sizes: in facl the differences were
small at A¥2-inch mesh.

Discussion

Analysis of landing and effort figures indicaled a
lower landing per unit of effort in 1958-62 than in the
[955-37 or the [963-67 periods. Age and length
distributions of research vessel survey crulses in 3N(Q)
presented by May (1965) indicated thal in 1955-57 a
succession of year-classes of at least moderate strength
entered the ({isherv. However, in 1958-62 only two
significant  year-classes, 1953 and 1958, entered the
fishery, With mortalities of the order of those
determined for the 3NO fishery (Fig. 8), a scries of fairly
strong year-classes iz necessary to sustain landing per
efforl at a continuing high level and the decrease in
1058-62 was probably cauwsed by a lack of these
year-classes, Also, although a deerease in efforl may be
caused by a decreage in landing per effort and thus a

decrease in produclivity of a [izhery, it is also possible
thal a decrease in effort can itself cause some decrease in
landing per cffort related to Lhe lesser efficiency of a
smaller fleet in locating concentrations of {ish. The
increase. in landing per cffort in 1963 was probably
caused by the entrance into the fishery of two good
vear-classes, 1958 and 1959, Since the ages have nol
been determined for the survey cruises during the
remainder of the period, it is not known whether a
succession of strong year-classes oceurred here or not,

Total landings in 1967 increased over (wo-lold
compared to 1966 and most of this increase was
accounted for by USSR otter trawlers. However, the
landing per hour in weight did not change significantly
from 1966 and thus the estimates of total cffort
increased in  proportion Lo the Jandings. Length
frequencies of rescarch vessel survev cruises 1o 3NO)
indicated a strong 1964 vear-class first captured as
Zyear-olds in 1966, In 1967 this year-class produced a
peak in the research length frequencies at 3041 em (Fig.
6). Also, preliminary analyses of catch per unil of effort
data for these survey cruises indicated a significant
increase in the numbers caught per hour over 1966,
confirming the strength of this year-class. Length
frequencies of USSR catches before discards with 4- to
4%2-inch meshes indicated a peak at 39-41 cm (Fig. 6).
obviously the 1964 year-class. Thus, the increase in
landings was accounted for by the greater abundance of
the 1964 year-class together with the increase in effort,
The fact that the landing per hour in weight did nol
change is probably explained by the low average weight
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frequencies, 3NO, 1959-67. The 1967 commercial landing frequency is shown for comparison.

of these 3-year-old fish, Also, if these fish were being
sought for by the commercial fleet, smaller numbers of
larger fish would probably be caught than in 1966,

The validity of the resuits obtained from any mesh
assessmenl depends on the availabilily of reliable catch
and landing frequencies representative of the commercial
fleet, and of reliable growth parameters and mortality
estimates. In the present study commercial catch
frequencies were eslimated from research vessel survey
data adjusted to a 4-inch mesh. The question therefore
arises as to whether the frequencies so derived are
representative of the catch by the commercial fleet. The
comparisons ol research and commercial cateh
frequencies in Fig. 6 indicate that although there is a

tendency for the research frequencies to underestimate
the proportion of larger fish and overcstimate the
smaller fish, the agreement is close enough to allow their
use in mesh assessments. These differences are probably
caused in part by the commercial fleet tending Lo
concenlrate their efforts in depths which larger cod aré
known to inhabit especially at spawning lime, whereas
rescarch vessel cruises will fish more randomly.

Due to the paucity of length frequencies of
landings after discards or discard curves, a knife-edge
discard length was chosen, below which it was assumed
that all {ish caught were discarded. This, of course, is
never the case, discarding taking place over a range of
sizes.
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The point chosen was between 3941 cm and
42-44 em. The vertical lines in Fig. 7 are drawn at the
points below which, if all fish caught were discarded, Lhe
number would be approximately equal to the number
discarded estimated from comparing the catch and
landing  curves. Although the landing curves are

sometimes based on small numbers of measurements, it
does indicate that the discard lengths chosen are in line
with the existing data. In fact, it was found that by using
discard lengths above or below the length group chosen,
the immediate losses and long-term changes were
affected very little.
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Length frequencies of cod catehes before discards and cod landings after discards, 3NO, 1955-58,
1959-62, and 1963-66. Catch frequencies: 19

55-58 — determined from commercial measurements;

1959.62 — determined by combining Canada (Nfld.} research measurements adjusted to 4-inch mesh
and USSR measurements; 1963-66 — determined from Canada (Nfld.) research measurements adjusted
to 4-inch mesh only. Landing frequencies: determined from commercial measurements in each vear.
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Maortality estimates for 1955-58 and 1903-66 were
obtained from commercial age distributions whereas that
used in 1959-62 was from research age distributions,
there being no commercial ages available during this
petiod (Fig. 8). Since research age distributions represent
the entire population while commercial ages represent
only that sector of the population captured by the
commercial gears, the two sets of mortality estimates
need not be comparable and it 1s desirable to have
mortalities based on commercial data. Mortality rates
derived Irom length {requencies, although only approxi-
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Fig. 8. A. Plols of natural logarithms of the age composition
data used in estimating total mortality coefficients. B.

Growth curves used to estimate growth paramelers.

mate, did indicate a higher level of mortality in 195558
than the two later periods.

Avcerage sizes at each age were very similar in the
1959-62 and 1965 periods, while in 1955-58 they were
grealer up to age 5 and less above age 5 (Fig. 8). This
explains the small changes in #, in relation Lo l¢ in Tables
2-4.

The predicted immediate losses were greater at the
larger mesh sizes during 1963-66 than the 1959-62
period. This was due to the larger numbers of smaller
fish caught and landed in 1963-66. Thus an increase in
mesh size would release more smaller fish in relation Lo
the tolal cateh than in 1959-62 (Fig. 9). The predicted
immediate losses in 1955-58 were as high as in the
1963-66 period at comparable mesh sizes but this was
mainly because the former assessment was based on
3-inch mesh. If comparable increases are compared (e.g.
3 inch to 4 inch compared with 4 inch to 5 inch), the
losses are less in 1955-58 than in the other two periods.

Except 2t the initial increase to 4Yz-inch mesh,
where very little difference was found, the predicted
long-term gains at the two higher values of £ were
greater in 1959-62 than in 1955-38 and in 1963-66 than
in 1959-62. At the lowest value of E there was very little
difference in the long-term gains in the three periods.
This was because, although the value of E and
consequently the proportion of released fish thal would
have been caplured by the larger mesh decreased from
1935-538 to 1963-60 due to a decrease in Lotal mortalily,
the proportion of small fish that would have been
released by a targer mesh increased considerably during
the same mterval (Fig. 9).

Adequacy of Catch Sampling

The assessments were hampered by lack of
adequate length measurement data, both of catches
before discarding and of landings after discarding. Table
5 illustrates this point. Measurements ranged from 20 to
1,800 per one million fish landed. The intenzity of
sampling was aboul the same in §Y55-58 and 1959-62
but only one-third as great in 1963-66.

In addition to the paucilty of measurements,
sampling was not adequately spread over the fishing
season and in some vears all measurements were in the
same quarter.

Commercial age distributions were tolally lacking
in 1959-62 and only available for 1965 (1,200 ages) in
the 1963-66 period,

If meaningful assessments for 3NO cod are to be
carried out in future, more adequale length and age
sampling of the commercial catch must be instituted.
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TABLE 5. Length measurements of catches and landings of 3NQ cod, 1955-66,

Estimated
number Number measured
Before After landed per 1 million
Year discard discard Total (’000) fish landed
1955 8.076 1,522 9,598 44,582 215
1956 3,499 1.000 4,499 18,666 LY
1957 8,027 3,825 11,852 11,811 1,003
1958 1.320 1,656 2,976 15,722 189
1955-58 20,922 8,003 28,925 90,781 319
1959 6,351 083 7,034 22447 313
1960 9839 — 9.839 28,217 349
1961 194 1,434 1,628 20,962 78
1962 14.249 3.043 17,292 9,513 1,818
195962 30,633 5,160 35,793 81,139 441
1963 3,196 2,820 6,010 20,958 287
1964 3,744 666 4,410 23177 190
1965 — 4,040 4,040 37,720 107
1966 - 1,145 1,145 58,457 20
1963-66 6,940 8,071 15,611 140,312 111
1967 9 327 1,618 10,945 —
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A Device for Automatically Recording Fishing Effort
Aboard Otter Trawlers

By James M. Crossen

Abhstract

The TFishnet Bathykymograph (FBK) was developed to
measure fishing effort aboard commercial trawlers for the
Bureau of Commercial Fisheries, The svstem employs a shock
isolated, 14-day time-depth recorder, and Dockside-Support
Equipment (DSE) for instrument calibration and retrieval of
data. Efiort data are recorded on magnetic lape which, with
additional processing, is computer compatible, The FBK at-
tached to an otter-trawl headrope records the number of tows
and the duration and depth of each during a fishing trip.

Introduction

Fishing effort information at New England ports
presently is collected by interviewing vessel captains
when catches are unloaded. This method does not
provide completely accurate data since reports on
number of tows, tow duration, and depth depend to a
farge extent on the memory of the captains. In order to
fill this gap, the Bureau of Commercial Fisheries has
developed an instrumented headrope float which, at-
tached to a commercial trawl (Knake, L958), will record
the number of Lows made during a fishing trip and the
duration and depth of each. This device, shown in Fig. 1,
has been named the Fishnet Bathykymograph (FBK)
(Hester, 1963).

The function of the FBK as a part of the data
collection syslem was the primary consideration in
defining requirements. First, it must accurately produce
the desired data, ie., the length of time and depth at
which the net has been used; second, it must withstand
the nse conditions to which it is exposed; and third, the
data formal must be computer compatible and easily
converted to an analog record by a Dockside-Support
Equipment (DSE) (lig. 1).

The use conditions of the FBK on a commercial
lrawler are extremely severe. The instrument is exposed
to temperatures ranging {rom —25° to +60°C: it is
intermittently slammed against the side of the trawler,
and dropped on the deck. In winter il ts covered with
ice, and in summer exposed to direct sunlight while the
net is on deck between tows and en route to and from
the fishing grounds. It is also swhjected 1o ocean
pressure, sall water, and salt atmosphere. Inspection,
calibration, and servicing is only possible between trips.

1

Accuracy requirements for depth were £3 m over
the range from 5 to 30 m, and an overall accuracy of *
10% of the actual depth over the range {rom 30 to
400m. The total time error in final [ormat was not to
cxceed + 3 hr over a 14 day operating period ( 1%4).

In order 1o give a reliable measure of the effort of
the New England fishing fleel, a sizeable fraction of the
vessels will have to be equipped with FBKs. The present
estimate 1s for about 100 instruments al sea al any one
time, 100 ready to be sent out, and about 50 in the
depot for maintenance and calibration.

Prototype Experiments

Initially, a standard spherical headrope float was
chosen as an instrument housing. The commercially
produced floats are ideally suited as under-water hous-
ings for instruments such as pressure recorders, tem-
perature recorders, ete, They withstand pressures to 100
kgs/ sq em (over 1,000m). The aluminum alloy machines
easily, and is resistant to corrosion. The spherical float
was splil at ils equator, and flanges welded to each
hemisphere. One of the flanges was machined to accept
an Oring for waler-tight integrity.

Extensive scarching and testing was perlormed on
pressure  sensors, recording methods, and time drive
mechanisms. Since cost was a prime consideration, il was
decided {0 use a pressure sensitive strip chart in the
recorder. The recorder was driven by battery powered
solenoid wound clocks and direct current motors. The
pressure sensors used were Bourdon (ubes and piston-
spring devices, Several protolypes were designed, then
fubricated and tested aboard the vesearch vessel, Alba-
tross 1V. Some success resulted from these early sea
tesls; however, the severe shock experienced during
trawling operations resulted in excessive failures. At this
point, we prepared a reliability engineering specification;
and requested bids for the design, development, and
fabrication of the FBK from oceanographic instrumenta-
tion firms.

FBK Shock Tests

One of the performance requirements was that the
FBK survive a 5 ft (L.5m) drop to a steel deck. A

! Bureau of Commercial Fisheries, Biological Laboratory, Woods Hole, Massachusetts 02543, UUSA.
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Fig. 1. The FBK and Dockside-Support Equipment. The FBK is connected to the time and pressure calibrator (left). The analog
playback system is shown on the right, {(Photo courtesy of Geodyne Division, EG&G International)

suitably instrumented 20em (8 inch) headrope float was
drop tested: and showed a peak shoek of 1,200-1,500 g’s
at the hard-mounted instrument platform.

Other drop tests on the components of the
instrument showed thal the instrument package would
not sarvive shocks over about 300 g% Therefore, it was
necessary lo isolate the instrument platform from the
pressure case. We tested a resilient foam filling the void
spaces, and a rubber ring supporting the instrument
package before settling on the rubber ring.

System Design of FBK
Housing

The standard 20 cm (8 inch) aluminum headrope
float could not contain the instrumentation and still
meel Lhe floatalion requirements. Therefore, two hemi-
spheres (Fig. 2) 24.4 ¢m (9.625 inches) in diam and 7.9
mm wall thickness were cast (Table 1) of aluminum, and

covered with a layer of poly vinyl chloride plastic, The
hounsing with enclosed recorder weighs 7.6 kg (16.6 1b.)
in air, and is buoyant 0.628 kg (1.4 1b.) in fresh waler,
The depth capability is 600m, The two hemisphercs are
held together with six recessed screws compressing an
O-ring seal.

Aluminum was selected for its resislance to salt
water, shock, pressure, and weather. Other housing
materials were considered early in the program. This
study was pursued wilh the basic trade offs belween
four candidate materials as listed in Table 2. The shock
index factor represents a calculated stiffness charac-
teristic for each material assuming a consislent geo-
metry. Materials investigated were aluminum (356-T6),
stainless steel (316), titanium, and a poly carbonate resin
(Lexan)? . The Lexan, while ideal from the standpoint of
weight, stress, and shock resislance, required an injection
molding technique which was too costly ($10,000 for
tooling).

2 Mention of commercial products does not imply endorsement by the Bureau of Commercial Fisheries.
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Fig. 2. View of instrument platform mounting plate group with top hemisphere removed. Battery package is visible with rubber
“bumpers™ at each corner. Tape cartridge partially visible upper left. Shock isolator assembly and housing O-ring can be
seen in place. (Photo courtesy of Geodyne Division, EG&G International)

TABLE 1. A comparison of fabrication techniques for aluminum

spheres,

Fabrication Sphered Additional
technigque Tooling  unit price  fabrication Machining
Spinning $ 550,00 $32.00 Yes Yes
Forging 3500.00 34.60 No Yes
Casting 200.00 12.25 No Yes

420 em 0.D.

b500 units.

Pressure Sensor

The pressure sensor is a bonded semiconductor
strain guage. A Bourdon tube was tested, but it failed to
meet the specifications for accuracy between 0- and

30-m depth.

TABLE 2. Material comparison.

Thickness  Weight Relative Shock

Materiald (em) (kg) cost index
Aluminum
356-T6 0.794 3.7 1.0 1.8
Stainless
Steel 310 0477 6.97 2.5 1.1
Titanium 0.634 4.86 6.1 R
Lexan 1.427 2.93 2.8 1.0

aSpheres are 20 em O.D.

The strain guage was tested al stalic pressure,
pressure versus temperature and pressure versus shock.
At static pressure, the error of the strain gauge was half
that of the specifications. One of the units tested
survived 150 drop tests.
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Automatic switch

A piston-actuated microswitch closes when the
instrument is at a depth of about 5m starling the
recording. The switch remains closed for the duration of
the mission of up to 14 days. With the housing open, the
switch can be opened and closed manually to check the
operation of the recorder.

Electronics

The solid state electronics module (Fig. 3) is
packaged to combine minimum volume with maximum
shock resistance. Two printed circuit boards are assem.-
bled in a can, and encapsulated in a semi-rigid silicone
potting compound (Dow Corning Sylgard 182).

Fig. 3.  The disassembled FBK. The micromotor and drive assembly is at upper center, The electronics module is in the center, The

magnetic tape cartridge is at botlom, {Photo courtesy of Geodyne Division, EG&G International)

The electronic circnits include a timer, control
counter, motor conlrol, bridge encoder, signal gate and
conditioner, and tape recorder amplifier.

The timer 15 a l-min multivibrator which provides
the basic time interval reference. Frequency stability of
the timer over the l4-day period iz required to stay
within * 3 hr. The motor control turns the tape recorder
on for a 4-sec period every minute. During this period,
three pulses are recorded. The position of the second
pulse in relation to the first and the third is a function of
depth (Fig. 1),

Tape recorder and cartridge

The tape recorder (Fig. 3) consists of a recording
head, tape guides, contactor (grounding swilch), Lape
cartridge housing, pressure roller and assembly, and tape
drive assembly.

The basic data are recorded on a 400 ft endless
reel of 6.3mm (0.25 inch) magnelic tape (3M type 153).
The cartridge assembly (Fidelipak) was chosen as the
most durabie design and for its ease of handling.

The contactor provides a short circuit lo ground
when actuated by a metallic splice on the magnetic tape,
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causing the recorder to shut off when a complete reel
has been recorded. This would occur if the instrument
was operated heyond its 14-day limit.

The tape drive assembly consists of a direct
current micromotor, a gear box, and capstan. The
micromotor (Portescap, model SR) is extremely shock
resistant. It withstood shocks of 700 g% at a time
duration of 1.5 milliseconds. The micromotor is en-
capsulated in semi-rigid silicone potting compound (Dow
Corning Sylgard 182) within a metal housing.

Power pack

The batleries are required to provide 6 VDC at an
average of Sma for 336 hr (1.7 amp-hr) with a safety
factor of about two. They must be able to do this at
ambicnt temperatures of from —25° to +60°C. They had
to fit in a space about 115 X 115 X 40mm (4.5 X 4.5 X

1.5 inches).

Carbon-zine, mercury, alkaline-manganesezine, and
nickel-cadmium cells were Lested, Only nickel-cadmium
and alkahne cells met the requirements, therefore, eight
alkaline *C” cells (Eveready EY3) mounted in stainless
steel holders were used.

Dockside-Support Equipment

The DSE is made up of the playback system which
provides an analog record of the FBK tape cartridge data
and the calibration system for time and pressure.

Analog Playback System
The Analog Playback System (APS) (Fig. 1)

converts the pulse interval code signals to an analog
reading. The tape cartridge is inserted in the APS and a
strip chart recorder (Technirite) prints out the recent
history of the FBK. It takes 3 min to print out a 14-day
record. A meter provides for direct observation of the
data.

Time and pressure calibrator

The calibration system (TPC) (Fig. 1} consists of a
hydraulic hand pump, a vernier pressure control, a
pressure test gauge, and an clectric-timing clock. Calibra-
tion pressure points are established by a rough setting
with the hand pump and a fine setting with the pressure
control. The Bourdon pressure gauge is accurate 1o

0.25%.

Transducer |-— a Analog to Magnetic
Pulse Code Tape
Converter (% —  — — — — —-—m Recorder
. :
D.C.
| Motor

Control Electronics

Battery

Magnetic Tape Code Pattern

|
e p——

- =~ =~ Mechanical Linkage

— Electrical Connection

Positive Pulse

Negative Pulse X = K(depth)

Fig. 4. Block Diagram of the Pulse Code Magnetic Tape Recording FBK.
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Fig. 5. Record of fishing trawls of Liberty Belle.

Operation in the Field

When a vessel carrying an FBK returns from a
fishing trip, 2 Bureau of Commercial Fisheries porl agent
removes and replaces the tape cartridge and battery
pack. Tapes are examined with dockside playback; and if
the FBK has recorded properly, it is ready for another
trip.

Field test

Tests were conducted on board the fishing trawler
Liberty Belle oul of Provincetown, Massachuselts
during December 1968. The FBK was given a pre-
liminary check by running overnight. Pressure calibra-
tion levels of 200- and 400-m deplh were applied using
the time-pressure calibrator. The unil was attached to
the headrope adjacent to the porl door of the #36 trawl.
Five tows were made in water depths of 45-34m off
Cape Cod, Massachusetts.

A copy of the playback tape, as recorded on the
APS, iz shown in Fig. 5.

Electronic Data Processing (EDP)

A tabulated printout of the FBK data, such as is
shown in Table 3, may be obtained with additional
equipment. This will require tape-to-tape code conver-
sion, serial data to computer compatible conversion, and
a compuler program.

Tape-to-tape code conversion

This module will be required to receive dala from
the FBK tape cartridge in pulse interval coded form, and
convert the data to a serial binary coded decimal form.

Serial daia to computer compatible tape converter

This module will be required to accept the serial
digital data, and convert to multi-channel computer
compatible magnetic tape formats. This includes
provision for manual insertion (addressing of BCD
heading information and manual control of recorder) as
may be required.

TABLE 3. Sample output data sheet format.

aPort 4Port

departed dDate returned 4ate aVesgel name AAgent

Boston 9/8/69 Boston 9/10/69 Albatrass [V JCE

Time
Mean  between  Elapsed
Tow Duration  depth tows time
No. (hr) {m) (hr) (k)
1 1.2 70 — 1.2
2 1.1 o1 2.4 4.7
3 1.3 82 4.5 10.5.
4 1.2 78 0.8 12.5
3 1.5 80 0.5 14.5
Total 3 6.3 374 8.2 14.5
Averages 1.26 74.8 1.64
aFBK 4Record terminated
Serial No. Date Time
101 9/10/69 0900

Calibration data:

Sample rate {seconds} Reference pressure readings {meters)

Start of trip End of trip  al 30 at 100 at 200 at 300 at 400

60.2 00.8 30.1 105 201 308 410

AData entered by BCF agent on tape cartridge.
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Some Remarks on the Behaviour of Growth and Mortality

Estimates Based on Age-Length Keys

By William Knight'

“The purpose of computing is insight, not numbers.” Richard Hamming, Numerical Methods for Scientists and Engineers.

Abstract

In studying the properties of growth rate and mortality
estimates, as opposed to actually calculating their numerical
values, it is more important that the mathematics be simple than
that it be accurate., Approximations are suggested for use with
age-length keys with crudely linear growth curves, and these
approximations applied to a few common questions concerning
age-length keys.

1. Introduction

The first statistical problem with agedength data is
how to cstimate mortality, growth, year-class sirength,
cte, This paper is nol concerned with that question.
Once such estimales are found, “second order” gues-
tions come up: What are the properties of these
estimates, and how can the data be collected to improve
Lhese propertics

We need a different kind of answer to Lhese
“secord order” questions. The answer to an estimation
problem is a number, the estimate, but in the seeond
case, “Lhe purpose . .. is insight, not numbers”, Whercas
an estimale must be accurate and may be complicated,
the description of its properties may be rough but must
be simple if it is to be generally useful. ‘

A few examples of such “sccond order” questions:

i) What lengths of fish should be selected for
ageing by otolith or scale?Should length groups be
sampled proportionately, by equal sample sizes from
each length group, or some other allocation?

ity How large is the statistical sampling ervor?
How large sample sizes are needed? What sort of
significance tests should be used?
iy Sampling programs would be less expensive if
age-length keys could be pooled. When can this be done?
To what extent?” Whal is the penalty ol pooling when
you shouldn’t?

iv) What happens il the age-length key and the
length distribution come from different populations?
{This question was suggested by W. £, Ricker.)

Any study of questions like these is immediately
entangled in the basic paradox of agelength keys
Although it is the age distribution (especially mortality)
and the conditional distributions of length at fixed ages
(especially the growlh rate) which are wanted, it is the
complements of these which are actually collected, the
length distribution and the conditional distributions of
age at fixed lengths. 1n such a pass, any sirnple formulae
relating the directly measured quantities Lo those in-
directly measured hul more meaningful would be a
boon, even were these formulae but crude approxi-
mations, useless to lhe person actually performing
calculations to estimate growth, mortality, etc.

Thus we arrive at the main purpose of this paper:
To devise formulae connecting the quantities measured
to the guantities actually wanted, and explore these in
Lerms of the questions (i) to (iv).

2. Basic Approximations

It is assumed that the growth curve is lincar.
Although for most data it can be verified that this is not
the case, there are two justifications of such a simplifica-
tion. First, lincarity is often, perhaps even usually,
correct as a first order description. Second is the
remarkable success of erude linear approximations in
varied applications,

For any given age-length distribution, the relation
hetween the growth rate, G, the slope of the least
squares line ol length on age, and the slope of the least
squares line of age on length which is denoted B, is

G=rp"! 2.
where r is the correlation coefficient. The contributions
of the age-length key and the length distribution to r can

be separated,

r?=B2 /(B F) {(2.2)
F :St.lz /st

!Fisheries Research Board of Canada, Biological Station, St. Andrews, New Brunswick, and University of New Brunswick, Fredericlon,

New Brunswick.,
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where sp is the standard deviation of the length distribu-
tion and s;)% is the mean square deviation of age from
the least square line ol age on length. Thus the
age-length key enters the linear growth rate through B
and sz and the length distribution through ;. This
would be a complete solution were it not that B is quile
independent of the length distribution only if the
regression of age on length is linear. (The lactor s ; also
depends on the length distribution but as its influence is
rather small, this is not likely Lo be important.) As it is,
{2.1y is approximate, the degree of approximation
depending on the linearity of the regression,

A relation between instantaneous mortality, 7,

and growth rate, G, is
Z=G7 (2.3)

where 7' is something primarily determined by the
length distribution. Ricker (]908) in Chapter 2, Section
G, investigates (2.3) taking Z' as the decay rate of the
right limb of the length d]slnbutmn as Z is the decay
rate of the right limb of the age distribution. His
conclusion that the approximation is poor need not
deter us altogether as our demands are less stringent than
his.

There is also a choice of 7' which makes (2.3)
exact under the assumptions ol a linear regression of
length on time, and that all recruitment takes place at
age to. The second assumplion is no real restriction as it
can be achicved by truncating the data after collection.
The first assumption again enters only through the
demand that the least squares line of lenglh on age be
mdert ndeni of the length distribution, This definition

of 77 s

Z' = 1/( - 1) (2.4)

where I iz the mean length and I, is the recruitment
length in the sense that it corresponds to f, on the least
squares line. The derivalion requires integration and is
set out in Chapter 6. A related result is in Watson and

Leadbetter (1964).

3. Sampling Error of the Primary Quantities

Formulae (4.1) and (4.2) give rough estimates of
the error of the secondary quantities on the basis of
estimates ol the emor of the primary quantlies. There
remains the need of estimating the errors of the primary
quanlities, a considerable problem and one outside the
scope of this paper. To illustrate some of the considera-
tions involved, | remark on an attempt which failed, an
endeavour to assign error bounds to the growth rate and
mortality rate derived from a routine age- length key for
cod, commercially caught by otter trawl in ICNAF

Division 4T in 1966, extracted from the files of the St.
Andrews Biological Station of the Fisheries Research
Board of Canada. The reader can skip the rest of this
section with no loss of continuity.

The values of G and F are readily calculated while
running textbook linear regressions of lenglh on age and

age on length,

The estimation of the coefficient of vanation of B
cannot be done with the distribution in its final form for
presentation; the numbers do not represent real fish, but
claborate weighted combinations, 1 first considered the
possibility of wusing Lhe unweighted age-length key
which, though not made up, is readily calculated from
worksheets available, The regression of age on length
could be run on the unweighted key yielding a regression
equation of no inlerest whatever, and an error estimate
of the slope of regression whose calculation is the
purpose of the exercise. Unfortunately, the texthook
error lerm assumes thal the 28 samples whose combina-
tion make up the unweighted age-length key are homo-
geneous, an assumption hardly tenable after the report
of Dickie and Paloheimo (1965), and a similar study by
the author (unpublished).

The situation for length distributions is much
worse than for the agelength keys. Dickie and Palohei-
me in the study noted above found far greater hetero-
geneily among lenglh distributions than conditioal age-
at-length distributions (as measured by the likelihood
ratio statistic for conlingency tables). Moreover, while
melhods for estimating the error of a regression are
commonly found in textbooks regardless of their ap-
plicability to Lhe present situation, eslimates of the error
of the estimated standard deviation of the badly skewed
distribution, such as the typical length distribution, and
estimates of the error of Lthe decay rate of the right limb
of the length distribution are not easily found in
textbooks or anywhere elsc,

4, Discussion

Although the manner of distribution of informa-
tion between the age-fength key and the length distribu-
tion is casily worked out, and some aspects at least,
published before (Gulland, 1956, p. 24), an explicit
statement should be made. Most of the information
about growth is found in the age-length key. Equation
(2.3) tells us thal the length distribution informs us
primarily about the ratio of mortality to growth. The
comparison of strengths of adjacent year-classes can be
made on the basis of the agelength key alone; for
separated  vear-classes, some kind of correction for
mortalily is needed.

If a von Bertalanfly curve is {itted, the distribution
of information is rather interesting. In what should be
{Knight, 1968) the usual situation, the asymplote, L, i
determined by the size of the largest fish; this must
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come {rom the length distribution. On the other hand,
the lincar properties of the curve come irom the
age-length key. A line is determined by ils intercept and
slope; with the von Bertalanffy curve the intercept is
given by t,. and the slope is approximately Kl., (The
stope al 1, is K., by a simple differentiation.) Thus t,,
and the produet, KL, are determined primarily by the
age-length key, and L, by the length distribution!

We now return to the questions raised in the
Introduction:

i) In sampling otoliths or scales for age reading,
should each length class be sampled proportionately,
sampled equally, or some other allocation? As far as
mortality and growth, bul not ycar-class strength, are
concerned, the imporlant thing is the aceuracy with
which the regression of age on length is measured, this
being the dominanl term in (2.1) and thenee by
implication the important part of the age-length key
appearing in (2.3). (Z' is a properly of the length
distribution only.) A regression line is best estimated by
coneentrating efforl near the ends of the line, Indeed, in
principle, the only reason for taking any points near the
middle is to check the adequacy of the linearity
agsumplion. On the other hand, for estimating relative
year-class strength, aboul equal attention to all ages, and
thence by the approximate linearity of the growth curve,
o all lengths, is called {or, These considerations prelty
clearly point to a practice already in wse: Take a
complete sample of the largest length classes and the
smallest; then take equal numbers from the rest.

ii) What about confidence intervals and tests of
significance for growth and mortality? For practical
purposcs it suffices to get an approximation to the
variance, or what is as good, the coefficient of variation.
Denoting by o(*) the coefficient of variation of ¥ the
usual linearization technique plus some crude approxi-
mation yields

v(G) £y v (B)? + (GFu (F))? (3.1

The derivation is relegated to a later section. For the
coefficient of variation of Z the usual approximation is

v () =vv (£ + u (G)? (1.2}

i} When can age-length keys be pooled, and what
is the penalty of pooling without justification? Since the
age-length key’s information is mostly about year-class
strength and growth rate; it suffices that these be the
same. Put more generally, hence vaguely, the agelength
key describes some of the biological propertics of the
stock al some lime, whereas such man-created things as
gear selection and fishing intensily show up in the length
distribution, thus, as far as growth and mortality
estimates are concerned, it should be safe to mix
age-length keys for Lhe same stock over such a time
interval as it remains stable,

The penaltics for pooling unlike keys are these:
First, the year-class strenglhs will be mixed. Second, any
difference in the length distributions will he interpreted
primarily as a difference in mortalilies, even if really a
difference between growlh rates, for most of the
information which could distinguish between different
growth rates has been lost in the pooling,

iv) What if the age-length key and the length
distribuiion actually come from different populations?
Upon considering Section 3, we find that some informa-
lion can be salvaged lor the population {rom which the
age-length key was drawn, but little from the other. The
growth rate, and the relalive strengths of nearby
year-classes, are relatively insensilive to the length
distribution, Except in unusual cases, no information
about mortality is available.

APPENDIX 1

5. Derivation of Equation (2.2)

Equation (2.2) is a descriptive identity and holds
whether or not growth is linear although it will not be
relevant for extreme nondinearity. It is derived from the
following well known formulac:

GB =2 1)
B = mean of products about mean = Gs;* (5.2)

2= st st (5.3)

where sy is the age standard deviation; (5.1) and (5.3)
can be found in Steel and Torrie (1900, p, 188); (5.2) is
immediate from the definitions of B and G. Solving (5.2)
forg,?,

st = Bs2/G (5.4)

and substituting (5.1} and {5.4) inlo (5.3) 1o eliminate r
and s, respectively,

BG=1-Gsp.2 / Bs?

which is solved for G yielding (2.1).
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APPENDIX II

6. Derivation of (2.4)

Equation (2.4) rests on the fact that the reciprocal
of average age is an estimate of mortality. That this is
true for the case of constant mortality is a simple
exercise with the exponential distribution, For any
distribution the following holds:

Let Z(t) be the mortality at time ¢, that is

(df (1) / dey [ £ (1) (6.1)

where f(t) denotes the age distribution density function.
It is usually the mortality for large ¢ in which we are
interested; we express this by taking as our overall figure
for mortalily the weighled average, where the weight is
age over the recruitment age, thus

/f (-t} Z ()1 (@) dt /f () f @ (62)
lo to

The numerator is

f (t-t)f (@ dt
to

i

/f (tyde =1 (6.3)
to

by integration by parts, We then have weighted average

1 G
Z t) = = 6."1')
=7 t, i1, ¢

where t and ! are respectively the average age and length
of fish of age ¢, or more. The right equality is merely a
restatement of the equation for the least squares line, we
have {2.4). Note however that G here is the slope of the
line fitted to lish of age f, or more, not the entire
population, hence the necessity of the assumption that
G is stable.

APPENDIX IH

7. Derivation of (4.1)

Equation (4.1) follows from the usual approxima-
tion with partial derivatives, plus a crude approximation,
The partial of G with respeet to B:

aGi[B ]
aB OBLB*+TF

s 2B
B B*+F

(1 - 2GB)

:5(1 - %) (7.1)

In an approximate formula, subtractions can be down-
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Spawning Dates of Georges Bank Haddock

By Robert R. I\.flrarak1

Abstract

Fish egg production curves are presented. When compared
R R . o o,
with previous data it was found that 2 1.5 to 2.0 C temperature
change can alter spawning times by a month,

Introduction

Data which can be used to fix the time of
spawning of haddock, Melonogrammus eeglefinus, on
Georges Bank has previously been collected by: Walford
(1930} in 1931; Clarke, Pierce, and Bumpus (1943) in
1940 and 1941: Marak, Colton, Foster, and Miller
(1961, 1962) in 1953, 1955, and 1956. Colton (1968)
has demonstrated a relationship between spawning times
ol haddock and bottom temperatures in the Georges
Bank area during the 1950,

During 1968 we endeavored to find out what
effect cold spring temperatures might have had on
haddock spawning time. The gonads of 5,000 haddock
brought in by the fishing fleet were examined, and
planklon samples were collected on cruises of the R/V
Albatross IV.

Gonads were obtained from haddock collected by
the commercial [leet from Georges Bank belween
January and July (53 samples of about 100 fish).
Developmental stages were determined by visual means
hased on criteria set forth in the FAOQ handbook
(Kesteven, 1960). The eight stages used progress from
resting or immature Lo spenl, Because of the difficulty
ol accurately slaging male gonads, only ovaries (2,500)
were used in the analysis. Although only the actively
spawning fish were used in the final analysis, plots of the
ripening and spent lish validated the use of just these
stages for showing egg production. The results of this
part of the study ﬁhow that very little spawning activity
occurred during ebruary and carly March and was
followed by a sharp increase peaking about the third
week in April (Fig. 1). Spawning activity fell off
gradually to less than 5% in the middle of June.

Plankton Samples

Seven biwcekly plankton cruises of the R/V
Albatross {V were made between March and June in a

and Rohert Livingstone Jr.1

2,500 sq mile arca on the northeastern part of Georges
Bank. Previous data has consistently shown this area 1o
be a major haddock spawning ground (Colton and
Teraple, 1961). Each cruise consisted of 50 stations
located in a stratified random sampling design (Posgay
and Marak, M3, 1970). Step oblique tows from 50 m to
the Hl]l‘fd( were made with BCE Bongo nets having
0.03 m® mouth area and 0.505 mm mvsh (Hlurmdn
and Honey, 1968). Since the haddock spawning seazon
overlaps that of the cod, and cod and haddock eggs are
not separable in early stages, it was necessary to hatch a
portion of the cggs tolle(ud The ratio established was
used to delermine the numbers of haddock cggs. The
stage of development (time of spawning) of the haddock
eges was determined by microscopic examination (Table
1). The number of eggs per m> of water filtered and the
actual spawning limes of the eggs were caleulated in
order to ascertain when the peak of spawning had
occurred, Balhythermograph casts were made at each
station. The egg production curves constructed from
these dala show thal maximum spawning oceurred in the

third week of April (Fig. I).

Previous Data

Lgg abundance data collected on Georges Bank in
six different years are presented in Fig. 2. The values for
different years are not L()mpd[’dhlf since  different
colleclors were used and the coverage differed, Values
for 1940 and 1941 are hased on samples collected in the
upper 22 m of the water column (Colton, 1965, Table 2)
and those for 1953, 1955, and 1956 on samplu it the
upper 10 m of the water column (Marak et «l., 1961,
1962). The area coverage in 1940 and 1941 was more
extensive than in other years including western Georges
Bank and the South Channel arcas.

The data are useful, however, in indicating the
variation in spawning time. The peak of spawning in
1940 appearcd to be in late April o early May while in
1941 and 1953 the data suggests mid-March or earlier, In
1955 and 1956 spawning was apparently high in
February and March. [n 1968 the peak was de fmlh ly in
April.

! Bureau of Commercial Fisheries, Biological Laboratory, Woods Hole, Massachusetis 02543, USA.
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Effect of Temperature

The sharp rizge in spawning aclivity in late March
1968 was accompanied by a sharp rise in bottom
temperatures  {(Fig. 1), Maximum spawning occurred
between 3.37 and 5.6°C. A comparison of temperatures
during spawning lime from earlier surveys reveals simi-
larities between 1940, 1941, and 1968, and 1931 and
1953, 1955, 1956 (Table 2). It was Tortuitous thal the

four surveys had been carried out in years which Taylor,
Graham and Bigelow (1957) and Welch (1967) show to
melude both “cold” and “warm™ years, It is interesting
to note that during the “warm” years (1931, 1950°%)
optimum spawning appeared to be prolonged whereas in
“cold” years (1940, 1941, 1968) it was of shorter
duration. It is also apparent that a 1.5° to 2.0°C
temperature change can mean the difference of a month
in spawning time.

TABLE 1. Distinguishing features of embryonic development in the six stages and the age in hours and days for eggs developing at 3.3°C
(Marak and Colton, 1961)

Stage Deseription and lime of embryonic development
1 From fertilizalion to the formation of the early blastodermal cap = 0-72 hr.
11 From the completed blastodermal cap to the development of the segmentation cavity = 4-7 days.
111 From the appearance of the early embryonic axis to the approach of the germinal ring to ab equatorial position = 7-9 days,
1y From the equatorial position of the germinal ring to just before blastopore closure = 10-13 days.
A From blastopore closure (half eirele) to almost full cirele (scattered pigmentation) = 14-17 days.
Vi From the formation of the characteristic pigment pattern to hatching = 18-21 days.
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TABLE 2. Mean bottom temperatures ("Cyon Georges Bank for
March and April 1931, 1940, 1941, 1953, 1955,

1956, and 1968.

Year March April

1931 4.1 3.3 Walford
1940 25 3.7 Clarke, ef al.
194] 2.7 3.9 ” "
1953 5.1 6.5 Marak, ef al.
1955 4.5 3. ” ”
1956 3.5 4.3 ” "
1968 29 4.0 - ”
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Immature Herring Populations in the

Bay of Fundy

By Shoukry N. Messieh

Abstract

Monthly length-frequency distributions of I-group herring
in the Bay of Fundy were analysed by the probability paper
method and three size-groups showed prominently. These groups
indicate that herring stocks in this area probably arose from the
progeny of spring-, summer-, and autumn-gpawning populations.
Fhuctuations in mean lengths, and their overlapping within and
between districts, indicate considerable movement of the dif-
ferent size-groups of herring and their free mixing within these
districts.

Introduction

Identification of fish populatiens is important in
forecasting fisheries and in formulating management
policies. Hence it is necessary to know whether Atlantic
herring of age-group I in the Passamaquoddy area of the
Bay of Fundy are composed of one or more unit stocks.

Although some young herring (O-group fish) are
recruited to the fishery at the end of their first year, it is
mainly I-group fish which are exploited in the “sardine”
fishery supporting a major industry in the Bay of Fundy.

Huntsman (1919) suggested that herring in the
area were spawned in spring and autumn, and later
(1934) considered that, besides those spawned in the
spring, fish were spawned from early summer to late
autumn. Tibbo et al. (1958), on the basis of captures of
recently hatched larvae, considered that the fish were
spawned in spring and in late summer-autumn, those
spawned in the latter scason being the major contribu-
tors Lo the fishery.

In this study, length-frequency distributions of
I-group {ish for each month of the year were analysed by
the probability paper method, and modal lengths were
examined for possible size-groups. Length data were also
separated by fishery districts to examine mixing of
size-groups, if any, between districts,

Materials and Methods

This study is based on analysis and examination of
8,020 pairs of herring otoliths collected from com-
mercial catches (Table 1). The fish ranged in length from
75-220 mm, and in age from U-2 years.

Lengths were measured from the tip of the lower
jaw to the longer lobe of the caudal fin extended straight
back. They were recorded to the nearest millimetre, and
grouped in 0.5-cm intervals.

Ages were estimated from otoliths on the basis of
the number of winter zones. Since the majorily of fish
were hatched in late summer or autumn, a fish was
considered age-group O until the end of the calendar
year after the one in which it was hatched. For
comparison, scales from some (156) fish were measured
and used for back-calculating 1, s (fish length at the end
of their first year’s growth) according to Lee’s (1920)
method.

As length-frequency distributions of l-group fish
appeared to be polymodal, they were analysed by
plotting the cumulative frequencies on probability paper
and fitting the probable normal curves (Harding, 1949;
Cassie, 1950). An example is shown in Fig. 1. By this
method, it is aimed to minimize subjective separations of
the polymodal distribution. The assumption is that
components of the distribution mixture are normal
distributions. Lengthfrequency distribution of in-
dividual samples and /,’s distribution support this
assumplion.

As indices of growth, relative increments (C) and
instantaneous (geometric) growth rates (K) were cale-
ulated (Briuzgin, 1963; Brody, 1945) as follows:

Ez - ll
l

(=

log, I, -log, I,
t, — £

where 1| and I, are fish lengths at the beginning (¢,) and
the end (1) of the year,

To test the reliability of age samples as repre-
sentative of the catch, lengih-frequency distribution of
age samples were compared with those of the catch
samples. The latter included 11,727 fish which were

! Ficheries Research Board of Canada, Biological Station, St. Andrews, New Brunswick.
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TABLE 1. Summary of herring samples showing numbers of fish by districts and ages.

No. of fish by districts

Age distribution

sampling No. of No. of Passama- Fast West Grand
year samples fish quoddy Charlotte Iles Manan 0 | 2
1905 30 1388 339 384 333 332 85 1343
1 066 39 1193 332 823 185 153 140 588 705
1967 52 2481 1093 901 198 239 703 1736 12
1968 a8 2639 771 1055 104 630 480 2053 26
Total 179 8021 2335 3163 910 1413 1408 3780 833
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Fig. 2. Length-frequency distribution of age samples (l-group
herring) and total samples in the first quarters of 1965
through 1968, (Data for lotal samples in 1905 through

1967 are extracted from Messich et at. 1908).

sampled in the fiest quarters of 1965 through 1968 ([ig.
Resulis
The mean lengths for monthly samples of the
three age-groups (Fig. 3) showed similar trends in annuat
growth for lgroup fish during the sampling years and
that growth was negligible during winter.
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1968

mean length (mm); 8.D. = standard deviation;

number of fish; X
1967

increment per month {mm)

i

1966

1965

TABLE 2. Monthly mean lengths, inerements, and growth rates of I-group herring in 1965-68 sampling years. N
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The mean lengths of Lgroup fish for the various
months (Fig. 4) chowed that growth was exponential in
all years.

The leasl-squares {it of the mean lengths for the
various months gave regression coefficients of 037,
067, .047, and 044 for 1965 through 1908, respec-

tively.

Instanlaneous growth rates were similar to relative
growth (Table 2); each had the same fluctuations as the
other, However, the former indicated lower values, as
would be expected during the first year of life (Briuzgin,

1963).

Size-groups

Analysis of cumulative length frequencies on
probabilily paper indicated that three sige-groups were
represented in some samples, as in 1968 (Fig. 5).
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Fig. 5. Monthly length-frequency distributions of [-group

herring in 1968 showing the probable normal curves,
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Plotting mean lengths of normal curves for various
months and joining the points visually (Fig. 6) showed
three size-groups and, of these, two size-groups were well
represented in all sampling years.

To test the significance of differences between
these size-groups, data from 1968 samples (Table 3)
were subjected to Z-test for comparing mean lengths, In
all cases, the differences between mean lengths of
size-groups within months were highly significant (P <
.001).

180
160~
140~

120+

Back-calculated {,’s from scales (Fig. 7) showed
bimodal frequency distributions similar to observed
lengths, -and fell in similar length ranges, indicating
agreement between calculated and observed length
estimates hased on scales and otoliths, respectively.

Monthly length increments of I-group fish (Table
2) showed wide fluctuations, and their values in some
months were negative. These fluctuations reflect the
heterogeneity of the fishery.
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lLength, mm
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Fig. 6. Hypothetical growth curves of different size-groups within I-group hefring,
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FABLE 3. Mean tengths (imm) of probable normal curves of monthly length-frequency distributions for 1068 sampling year. Numbers of
fish (N) and standard deviations (S.D.) of samples are included.

Month N I 5.D. N L S.D. N L 0.
Jan. 133 1413 9.57 135 129.1 7.30 - -
Feb. LIS 113.3 7.92 73 127.3 5.95 -
Mar. 32 111.1 3.53 90 126.7 0.70 -
Apr. 139 108.5 .27 144 130.2 8.31 - -
May 45 96.4 5.60 70 1165 5.54 12 1337 6.25
June 36 115.0 3.86 197 135.0 8.11 - - -
July 09 1191 8.70 22 136.8 201 - -
Aug. 9 a3 3.54 87 111.8 1110 - — -
Sep. 146 152.2 8.57 40 180.9 6.78 [+ 196.1 2
Oct. 85 151.3 6,08 121 177, 9.53 S 2.2 5.97
Nov, 34 159.6 6.44 39 177.7 6.87 43 1977 .54
Dec. 22 177.9 6.11 24 192.5 6.08 — -
1259 1958 Bistribution of size-groups by districts
30 N=46 !'A\ N=20 Quarterly mean lengths ol I-group [lish in four
YA fishery districts (Fig. 8) showed thal the length incre-
20| j / \ ," \\ / ments within a district did not follow a particular order,
1 l’ v \:" 2 and in some cases overlapped. This can be seen in the
s / \ valueg [or the third and fourth quarters of 1965 in West
, \\ Isles, and in the first and second quarters of 1908 in Kast
’ . Charlotte. Overlapping of quarterly mean lengths be-
= 0= 3 tween districts and, in many cases, for all sampling years
330t was obvious (Fig. 8).
L
teof Discussion
£ The polymodal nature of length-frequency  dis-
L lor tributions of l-group herring reflects the diversity of
e population elements exploited by the fishery. The fact
S ol that the samples were taken mainly from weirs excludes
% the possibility of extringie laclors resulting from selee-
w 30 tivity of the gear. Hence the segregation of size-groups is
1966 3 e | - el
N= 43 ai';tr‘lbutf'd to inirinsic ia(_:torlh, probably ht:f_lawuural
20 differences. Graham (1936} found that herring were
generally segregated into schools of similar lengths
0 wilhin an age-group.
The consistency of the dilferent size-groups of
herring in all sampling years coincides with the spawning
L B s S A e S B B seasons deseribed for herring in the arca, ie. spring and
80 120 160 200

Back Calculated Length, mm

Fig. 7. Frequency distributions of back-calculated ;s and I,’s
for five year-classes of herring.

autumn spawners (Huntsman, 1934 Tibbo et al., 1958).

The origin of spring-spawned herring, whether
ftom local stocks or immigrants, is still questionable
(Huntsman, 1934; Das, 1968). However, they were
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considered to be minor contributors to the herring in water temperature and overwinter as larvac. Based o
stocks in the Bay of Fundy. This group of fish was the existing knowledge of the absence of any winter-
probably represented by the minor size-group which spawning lherring in this area, the finding of herring
appeared in the spring, c.g. in May 1968 (Fig. 5). larvae in the Bay of Fundy during winter (Tibbo et al.,
The summer-aulumn spawnings likely lead to two 1958) supports the above hypothesis.
ather size-groups resulling from early and fate hatchings. Fluctuation in mean lengths, and their overlapping
Only the early spawned part of the hatched larvae could within and between districts (Fig. 8), indicate consider-
metamorphose  belore  the  winter; the remainder, able movement of the different size-groups of herring

spawned late, may fail to metamorphose due Lo the drop and their free mixing among these districts.
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Huntsman (1952) suggested that herring are car-
ricd from the Gulf of Maine to the Bay of Fundy and
then concentrated in Passamaquoddy Bay by the slow
circulation of water due to Coriolis force. On such an
assumption, the size-groups reported in the present
study probably arose from different herring stocks
transported partly from the Gulf of Maine,

A similar sitwation was described for North Sea
herring (e.g. Cushing, 1962). Young herring derived from
the different spawning grounds form a common pool of
prerecruits, with a shared nursery ground on the Danish
coast. With increasing age and growth they move of[ into
deeper water unlil they join the adult population.

It is also worthy to note that Anthony and Boyar
(1968) found that the herring population in the Gulf of
Maine is composed of two groups: coastal Maine-Nova
Scotia complex, and Georges Bank Cape Cod complex.
They indicated that within a complex there is probably
more than one berring stock.
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