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Drift-net Fishing For Herring 1950 to 1952
by
8. N. Tibbo and E. G. Sollows

I. Introduction

The herring fishery on the east coast of Canada is
based almost entirely on spawning groups which are found close
inshore for periods of from four to six weeks during the year.
There are two principal spawning seasons, In the Gulf of St.
Lawrence spawning occurs chiefly during the month of May, vhere-
as on the Atlantic coast of Nova Scotia herring spawn in the
late summer and early autum.

There are two serious disadvantages to the herring
fishery as it is being prosecuted at present. One is the
shortness of the season during which herring are avauahle and
the other is that herring are in their poorest condition
spawning times. These poor quality herring are suitable only
for bait, for reduction to oil and meal and for low grades of
pickled or otherwise preserved food products.

ne Atlantic Horring Investigation Comnittee vas
formed in 19‘#‘9 under join’ een
eTITaiat R enPoea I s as eveo; Hova Sootia; Hev Brisguios
and Prince Edward Island, to investigate the herring stocks of
the Canadian Atlantic area and to determine whether greater use
could be made of these stocks by extending the catching of herring
to other areas and longer seasons. However, in spite of per-
sistent searching for several seasons with sonic sounders and
with otter trawls, Dutch herring trawls, floating trawls and
purse-seines no worthvhile catches of herring were made in off-
shore areas. Apparently the various types of gear which were
used can be effective only if there are relatively large and
concentrated schools of herring present and this condition was
found only in inshore areas prior to spawning. For example,
the Committee demonstrated the effectiveness of purse-seining
in Bay of Islands on the west coast of Newfoundland during
Fovember and December. The Atlsntlc Herring Investigation Com-
nittee was dissolved on March 31, 1950, and the explorations
for herring were continued by the Atiantic Biological Station.

During the summer of 1950 the efficacy of drift-nets
for the capture of commercial quantities of large fat herring
in offshore areas was clearly demonstrated for the southwestern
portion of the Gulf of St. Lawrence, However, explorations
with this gear along the west coast of Newfowndland and along
the Atlantic coast of Nova Scotia failed to reveal any sub-
stantial quantities of these fish, These experiments were con-
tinued during the 1951 and 1952 seasons with particular attention
belng given fo the comercial possibilities of this method of
ishing.

This report covers the three seasons' operations with
detailed descriptions of the boats and gear used; the quantities
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of fish caught and the localities where the fishing was done.
The relationship between the catches of herring and the abundance
of planktonic animals upon which they feed is described as well
as the variations in the catches under different light and tem-
perature conditions. Data showing the condition (fatness) of
herring during the summer months are included and also the le'ngth
composition of samples of the catches. Finally, some conside:
tlon is given to the economic aspects of dru't-net fishing toget‘her
ons for the of fishermen who may adopt
this method of fish: The report deals chiefly with the results
from the Gulf of St. awrence although some data from other areas
are included.

II. Acknowledgments

he authors wish to place on record their Appx‘eciation
of the mterest and _co-operation of the crews of the vessels
"Harengus" and "J. J. Cawie" in carrying out this exploucory
fishing program. Captain H. F. Strum and Captain H. H. Butler
‘both contributed nmch to the success of the operations by their
helpful suggestions in rigging and handling the gear and by their
efforts in the work which was always arduous and often entailed
long hours of constant attention.

III. Methods
A. Boats and gear used in 1950.

In 1950 a program of exploratory drift-net fishing for
herring was initiated and was designed chiefly as a survey of the
Gulf of St. Lawrence and Nova Scotia coast areas in order to
determine the relative distribution and abundmce of herring in
offshore areas during the summer months. Two boats were used for
these explorations - the M/V "Harengu:", an Bh-fcot dragger and
the M/V "Eastern Explorer", a 73-foot purse-seiner.

"Eastern Explorer" was nuigned to this work by the Nevrfcundland
branch of the Department of Fisheries.

The details of the program were as follows: A netvork
of 22 stations was established within the area and the
gus” occupied 16 of these on three cruises from June 1 to Octohor 2,
A fourth cruise was sttempted but only one station was occupied
and as weather conditions grew worse the work was concluded for
the season on October 12, The M/V "Eastern Explorer” occupied
four of the remining six stations in Snptem‘ber and repeated four
of ations in 'he approximate locations
of the stations which were occupied d\u'ing the three seasons are
shown in Figure 1, Table 9 in the appendix gives the latitude
and longitude of the statioms.

our sizes of gill-nets, viz, 13", 24", 2" and 3"
stretched mesh (inside knots) were used from the "Harengus".
Twelve nets were included in the string. They were assembled
in the above order and in the following proportions 1:2:2:1,
The whole fleet vas approximstely 450 yards long and 8 yards
deep. Three sizes of gill-nets, 2", and 3" stretched mesh
were used from the "Eastern Explorsr" and there were four nets
of each mesh size in the string. All of the nets used were made
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of 14/6 twine and were 150 meshes deep. Corks and leads kept
the nets vertical in the water and they were attached to the
vessels by a rope 23" in circumference and from 50 to 100
fathoms in length.

The nets were set before sunset and hauled back imme-
diately after daybreak. Only one night was spent at each station
during each cruise. The top of the nets was at the surface and
no provision was made for varying the depth at which the nets
could be set,

Catches were kept separate according to mesh size and
were recorded according to species and quantity or number in
each net, Samples of herring for fat determinations and popula-
tion studies were taken from each catch.

urface temperatures and bathythermograph cbservations
were tlken immediately before or during the setting of the nets
and again immediately before or during the hauling back of the
nets. Horizontal plankton hauls were made at each station and

plankton obtained were preserved for identification in the
1.bor.tory. A record of atmospheric conditions including direc-
tion and force of winds, the state of the sea and the light
conditions was kept for every hour while the nets were in the
water.

B. Boats and gear used in 1951.

Exploratory drlft-net fishing was continued in 1951
and the program was confined, for the most part, to the south-
vestern Gulf of St. Lawrence vhere large quantifies of herring
and mackerel had been taken in 1950, However, one crulse was
made along the outer coast of Nova Scotia and one in Fortune Bay
on the south coast of Newfouwndland.

The program for 1951 was as follows: A fleet of gill-
nets, approximately 375 yards long and 8 yards deep was fished
at 20 stations, of which 13 were in the VAT of St. Lawrence and

the remainder on the Atlantic coast of Nova Scotia and on the
south_coast of Newfoundland. Five sizes of nets were used, viz,
2%, 23", 24", 24" and 3" stretched mesh (inside knots), Two nets
of 'each mesh’size, or a total of ten mits, made up the fleet.
The fishing was done chiefly from the M/V "J. J. Cowie" and 34
sets were made from this boat during the season. The M/V THaren-
gus", vhich vas made avallable by the Department of Fisheries
Sccupied two stations in the Gaspé area during the latter par
of August using 10 nets, all of which were of 2" mesh, Fishing
wvas done at night as in 1950 with the hets being st before sun-
set and hauled back immediately after daybreak. Plankton hauls,
surface temperature, bathythermograph observations, records of
light and weather conditions and samples of herring for fat
determinations and population studies were taken as they were
in

Attempts were made throughout the season to improve
cAtches by making changes in the gear., These included changes
in attachment of the nets to the boat, weighting alternate nets,
doubling the depths of the mets, etc. Only the latter change
increased the catches by anyappreciable amount,




Figure 2,

M/V "Harengus" used for drift-net

fishing experiments in 1950 and 1951.
Length overall 84,5 feet; Bean 19,9
feet; Gross tonnege 107,51; twin 135
h.p. Diesel engines.

Figure 3,

WAV U3, J. Cowle" used for drift-ne
fishing experiments in 1951 and 1952.
Length overall 65 reety Bean 15.3
feet; Cr 48,763 100 h.p.
Diesel cnpine.
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s
C, Boats and gear used in 1952,

o 952 the gear which was used for drift-net fishing
was {urchased from a supply house in Scotland and consisted of
drift-nets, canvas floats, ropes and fittings of a type regularly
used in western European areas. The main difference bot\um this
gear and that which had been used in 1950 and 1951 was that the
ﬁotlh\lge 360 malhes deep instead of 150 meshes, which is a standard
Canada.

o flest of nets used varied in length from 375 to 780

yards and vu approximately 16 yards deep. ing was dane in
the vicin: ty of Magdalen Iulmds from May 20 to June 16 u
nets of stretched mesh (from knot centres) and in tha vicinity

of Gaspé from July 31 to Septamber 15 using nets of 2" stretched
mesh, The other details of the program were the same as for the
two previous seasons except that samples for fat determinations
nm: gopulaticm studies were taken each week instead of from each
catech,

Figures 2 and 3 are photogrnphic reproductions of the
two vessels "Harengus" and "J, " from which most of the
drift-net fishing was done and Pigure ‘k shovs some details of
the variations in the gear that was used throughout the experiments,

IV. Distribution of herring as shown by drift-net catches.
A, Location and quantities of herring caught in 1950,

During the 1950 season the program for drift-net
f1shing vas entirely exploratory in nature with the boats being
directed to occupy as nmy stations as possible regardless of
the quantities of f!sh taken. The purpose of the investigation
was to determine the distribution of herring and to ﬂlscwel‘ thl!
most effective mesh size for drift-nets in order that dur:
following season or seasons a study of the commercial possibilitin
of this method of fishing could be made. Drift-net fishing
been carried on successfully for many years in the northeastem
Atlantic and North Sea areas and we wished to evaluate
potentialities on the east coast of Canada.

The first cruise of the "Harengus" was made during

tha eriod June 1 to July 10 under ideal weather conditions

of the 16 station: were occupied. The total catch at
7 southwestern Gulf stations amounted to 17,381 pounds of herring
and 3,630 po\mds of mackerel, The largest cutches were made on
Orphan Bank (HDN-7), onth of Bind Rocks (HDN-3) and on LeFond
George (HDN-2). At six Nova Scotia coast stations the total catch
l:m‘mi:.d to 1,050 pounds of mackerel and from 15 to 20 pounds of
err:

The second cruise (July 17 to August 16) was carried
out under very adverse weather conditions and much difficulty
was experienced in handling the nets in rough seas. The total
catch at seven Gulf stations amounted to 7,710 pounds of herring
and 1, pounds of mackerel., The largest catches were made on
American Bank (HDN-8) and LeFond George (HDN-2), At five Nova
Scotla coast stations only 35 pounds of mackerel and less than
5 pounds of herring were taken.




Table 1. Summary of drift-net catches of herring and mackerel 1950.

Yo. Total catch Average catch
Station of (pounds) per set (pounds)
nunbers Locality Dates sets kerel Herring Mackerel

HDN-1 Prince Eavara Island Jme 1) July 17

(east ug. 21, oct. 13. " 36 250 9 62

HDN-2, 3 Magdalen Islands June 5, 6, July 18

’ el ! 15,715 3,680 3,143 736
N, 6 Pringe Bvard Island Jme 13, 17, July 27,
(west) 28, Sept. § 15, Oct

30, Nov. 11 7,530 875 91 109

HDN-5, 7, American, Orphan and June 19 July 21
8 ' '’ Bradelle'Banks 24, 26 ’s,é 6,8,

13) Nov. 7, 8. 10 w245 1,125 1,425 0 113

HDN-9, 17 Cabot Strait Aug. 31, Sept. 5, 11. 3 8 370 3 13

HDI-10,  Nova Scotia coast  June 26, 29, July 31
11,22 (east) e 3072 Repe 8 20, 7 10 245 1 35

-13, 14, Nova Scotia coast Jnly Sy 7, 8, 10, Aug.
1877 (west) 15 151 sépt! 29)
Oct. 110 840 13 105

HDN-18, West coast of Nfld, June 7, Sept. 20, 28, L 100 [ 25 ]
19, 20 Tooet. 1.

Totals k9 37,7%% 7,385 771 161

-g-
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The third cruise (August 31 to October 2) was also
carried out under generally poor weather conditions. However,
three out of the seven stations in the Gulf of St. Lawrence
were occupied in good weather and theu accounted for the greater
part of the total catch of 12,430 pounds of herring and 480 pounds
of mackerel that were taken. The three mnst productive stations
were American Bank (HDN-8), east of Albex-ton, P.E,I. (HDN-4) and
the entrance to Miramichi Bay (HDN-6), The catches at the Nova
Scotia coast stations were again small totalling only 100 pounds
of herring and 50 pounds of mackerel for 4 sets.

The M/V "Eastern Explorer" occupied stations HDN-3, 9,
19 and 20 in September and October and stations HDN-l, 6, 7
«l luring the early part of November. No appreciable quantity
of any !pacies of fish was taken.

Table 2 gives a summary of the stations fished and the
quantities of fish captured and "Table 10 in the appendix gives
the details of dates, stations, mumber and mesh size of the nets
usedhn well as the quantities of herring and mackerel which were
caught,

B, Location and quantities of herring caught in 1951,

The catches durmg the 1951 season were generally poor.
The total amount of mackerel (8,590 pounds) was slightly higher
than in 1950 (7,385 pounds), The total catch of herring, hwever,
was only about one-tenth of the 1950 catch, At the Gulf of St.
Lawrence stations in 1950 37,521 pounds of herring vere taken in
21 sets using 12 nets for each set, whereas in 1951, only \» 005
pounds of herring were taken in 28 sets using 10 nets for
set, On five different occasions in 1950 more herring ere.
caught in a single night's fishing than were caught altogether
in 1951, The accompanying table Trable 2) gives a swmacy of
the season's operations and table 11 in the Appendix gives the
details of the fishing program together with the results of each

The factors responsible for the failure to capture
herring in quantity during 1951 are not known., The overall
distribution of herring and their reactions to various environ-
mental conditions are still only vaguely understood and predic-
tion of distribution and abundance is impossible., In addition
to this, the suitability of the gear which we have been using
hl: not been well established even though good catches were made

in 1950, Some changes were made in the gear and the methods of
handling in 1951 and it was expected that catches would be im=-
proved because of this but it may well have had an opposite
effect. Attempts wera made to 1mprove catches throughout the
season by making still more changes in the gear but these were
unsuccessful lmtil late in September when it was found that by
doubling the depth of the nets good catches could again be made.
By this time, however, the season was too far advanced to give
thaue double~depth nsts a Jnomugh trial and further experiments
had to be deferred until 1 52 few examples will serve to
illustrate the difference .ln he catches by using nets of
different depth., At station HDN-31 on September 3 two deep nets
of 2;" _mesh caught 375 pounds of herring and mackerel



Table 2.

Station
pumbers

HDN-23,
12, 25

HDN-33
34,735,
37

HDN-1, 28,

26
HDN-2, 3,
27

HDN-6, 30,
%

HDN-31
HDN-5, 7
D=5 7

Summary of drift-net catches of herring and mackerel 1951.

Fo. Total catch
of (pounds’
Locality Dates sets Herring Mackere:
Nova Scotia coast May 10, 17, 18. 3 200 o
Fortune Bay, Nfld,  May 28, 29, 31
! Jme 5. 0 7 L 550 15
Prince Edvard Island June 12, 13, 18, July
(east) s 9y Mg 3,8 13,723, 9 1,500 2,550
Magdalen Islands June 19, 20, 25, Aug.
6 5 300 950
Prince Edward Island July 10, 13, Aug. 6
(west) 27, 28,'29." ’ 3 us0 2,050
Chaleur Bay July 16, Sept. 3, 13. 3 5 1,80

American, Orphan July 185 Aug, 28, 29,

and Bradelle Banks  Sept. 10, 11 5 1,75 1,225

Totals 35 4,755 8,5%

Average catch

per set (pounds)

67

138

167
60

75
2

350
136

cke:

4

283

342
245

245
245

-0t~



Table 3.
Station
npumbers

HDN-1, 26

HDN-2, 28

EDN-31
HDN-8

Summary of drift-net catches of herring and mackerel 1952,

Locality
Prince Edward Island
(east)

Magdalen Islands

Chaleur Bay
American Bank

ates
Ju'na 9 13 19
2 2 J\'xly 4

May 19 29,
June 10, 2 ) oty
7, Sept. 2

Aug. 7, Sept. 15.
July 31, Aug. u, 6,

a "1, 19,
Sept. 2,

Totals

Wo.

of
sets

10

13
32

Total catch

(pounds
Herring Mackerel
10,762 4,240
12,457 835

%25 15
e85 137
98,129 5,227

Lverage catch
per set (pomds)

1,076 Yo4

1,779 19

212 8

5,730 un
3,067 163 &
v
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Figure 5.

Ch&x‘t showing areas (cx‘oss-hstt:hed) where

ood catches of herrin,
made in 1950 and 1952.

g and mackerel were
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while four shallow mets of the same mesh size took 250 pounds
an average of only one-third as much., On September 10 one

z%- Qoep met took 305 pownds of herring while two shallow nets
the sams mesh slse took no fich. On September 11 ot sistimm

shallow nets caught only 3 fish while one 23"

es nst Ocadght 310 pounds of mackerel. It has been conciuded

that the chief cause of the fallure to capture herring and mackerel

in quantity in 1951 was the wnsuitability of the gear and that this

was in turn due to some difference in the depth distribution of the

herring. In both 1950 and 1951 the nets were fished at the surface
only. No provision was made for increasing the depth at which

they were sot. Except for the few trials of double-depth nets to

vhich reference has already been made fish could be caught only

if they were within twenty-four feet of the surface. Throughout

the season surface temperatures at the fishing stations were

s1ightly higher in 1951 than they were during the previous year

and this may have had the effect of keeping the fish  derper ix

the water where they could not be reached by the net

C. Location and quantities of herring caught in 1952.

e program for 1952 was designed chlefly to test the
comarcigl possibllities of drift-net fishing of St,
Lawrence and because of this very little exploratcry work was
done. When an area was found in which fish were plentiful the
boats continued to fish there to determine how many herr].ng could
be caught and during what part of the season. The M/V ™
Cowie" was the un1y boat used for the 1952 program in the Gulf of
8t. Lawrence, A s 'y of the results of the experiments is
f!ven in Table 3 8nd the detailed catches in Table 12 in the
ippendix.

The catches throughout the 1952 season were generally
good. .A total of 33 sets were made and from 21 of these more
than 50 pounds of herring and mackerel per net (37% ysrds lung)
were boa ed. On one occasion the nets were lost in
storm and no measure of the catch was possible and on muther
occasion,uben the nets sank with the welght of fish, only a
minimum estimate could be made. The total cateh t‘cr the season
wvas 98,129 pounds of herr d 8,227 pounds of mackerel, Fishing
was carried out in the vicl_nity of Hagdalsn Islands from
July 16 and in the vicinity of Gasp€ from July 31 to Septamb!r 1
The accompanying chart (Figure 5) shows the areas (cross-hatched’
vh;r§9§god catches of herring and mackerel were made in both 1950
an .

V. Relationship between abundance of plankton and herring catches.

Plankton sanples were taken at all fishing stations
immediately before or after the setting of the nets, In all cases
10-minute horizontal tows were made at sppraximatsly 3 petres
below the surface with a net having an opening 30 inches in
diameter and made of a cloth having from 12 to 15 ocion to the
centimetre, The plankton samples were preserved in 5 to
fornalin and vere sxamined in the laborsvery st & laser daen.
Vertical hauls from 75 metres were attempted during the 1952
season but the quantifies of plankton were too small for com-
parison in the field and the method was abandoned early in the
season. A plankton sampler of a type frequently used by commereial
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fishermen in the North Sea was used throughout the 1951 season
but only very small quantities of plankton were taken and this
method was also abandoned.

The quantities of plankton taken in the 10-minute

horlzl.‘/ntal tows over the three seasons varied from amounts too

mall to measure to 760 c.c. and consisted chiefly of Copepods
(Calanus) , Ctenophores (Pleurobrachia and Berde) Chaetognnth:
(Sagitta) Decapod larvac (Cancer), fish oggs and fish larvae,
Quantities and descriptions of each plankton tow for the three
seasons are given in Tables 13, 1% and 15 faiing .lppondlx,, Yo
comparison between the relative amounts of plankton for the
three seasons can be made because of the differances in the
dates and areas where the fishing was carried on. However, it
appears that larger quantities of plankton were present in
most of the Gulf areas in 1952 than there were in either of
the two preceding years. At least, the fishing in 1952 was
carried on in areas where plankton were more abundant and the
larger overall catches in 1952 may have been the result of this.

There appasrs to be a definite relationship between
the abundance of d the distribution of herring in
the Gulf of St. Lavrence azen.  For exazple; during  the
second cruise of the M/V "Harengus" in 1950 which was carried
out during the period July 17 to August 16 when Calanus were
very abundant and were the principal constituent of the plank-
ton hauls the following relationships between catches of
herring and mackerel and quantities of plankton were noted:
at station HDN-8 there were 310 c.c, of plankton and 5,260
pounds of fish; at station HDN-2, 220 c.c. of plankton and
2,420 pounds of fish; at station m- 130 c.co of plankton
and 805 pounds of fish and at station ﬁm-1, 35 ¢c.c. of plank-
ton and 180 pounds of fish.

No relationships between plankton abundance and drift-
net catches in 1951 were apparent. Catches were generally poor
regardless of the amounts of food present in the water. The
failure to capture large quantities of herring in 1951 has been
discussed elsewhere and it is believed that because of gear
failur: the catches did not reflect the quantities of fish
present,

For the 1952 season there was slmilur evidence of a
relationship between drift-net catches d plankton abundance
had been observed in 1950, With one excepeian all of the
large catches (200 pounds per net or more) were made in areas
having a better than average abundance of plankton.

The overall results indicate that the abundance
plankton can be used as a guide to thu setting of drift. nets to
capture herring and mackerel, In more than 50 per cent of r,hs
cases large catches were made in ol ey el e in p
ton whereas poor catches \”’ e zlmost invariably assoclated vlth
small quantities of plankt.

VI, Variations in availability of herring under different
1light conditions,

A detailed record of atmospheric conditions was kept
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for every hour while nets were in the water throughout the three
Seasons during which the drift-net experiments were carried out.
These data included the direction and force of wind, the state

of the sea, the proportion of sky covered with clouds, the pre-
cipitation, if any, and the light conditions. The study was made
to determine whether or not there was any relationship between
the amount of herring taken and the atmospheric conditions under
which the fishing was done.

During the 1950 and 1951 seasons when the investigation
was almost entirely exploratory in character and the boats occupied
aifferent stations each night regardless of the amount of herring
caught, it was impossible to determine the effect of changing con-
G5t5one on ihe_caiches aithough a1l of the large catches (1,000
pounds or more) were made on dark nights when there was no moon or
when the moon was either partially or totally obscured by heavy
clouds, In 1952 the program was designed chiefly to test the
commercial possibilities of drift-net fishing and when an area was
found where fish were plentiful the boat continued to operate
there to determine how many herring could be caught and g
what part of the season, Because of this the data on atmospheric
conditions can be related to the catches and the effect of varia-
tions in these conditions on the amount of herring captured can
be evaluated.

It is apparent that the mechanical difficulties involved
in handling drift-nets in more than a moderate breeze and sea are
such that it is impossible to make worthwhile catches when the
wind is fresh or strong and the sea rough. The boat drifts £oo
fast and the nets tend to roll around the headrope. Apart from
this the most important factor was the amount of light and for
the 1952 season fishing nights were classified into three groups,
viz, moonlight, clear starlight and dark overcast nights, depending
on the condition prevailing for more than 50 per cent of the period.
The results show that the largest catches were made on clear star-
1light nights and the smallest ones on bright moonlight nights.

The average catch per net per night was 82,9 pounds on moonlight
nights, 236.7 pounds on dark overcast nights and 540.9 pounds on
clear starlight nights. Most of the fishing was done in selected
areas under all three light conditions and it is, therefore
quite apparent that 1ight is an extremely important factor in
the success or failure of this method of fishing.

It was also recorded that the herring were well distri-
buted from top to bottom in the nets on dark overcast and clear
starlight nizhts but on moonlight nights the fish were chiefly
in the lower half of the nets, This indicates that a certain
amount of flexibility is desirable in the depth at which the nets
can be set and that on moonlight nights the nets should be set at
greater depths than they are on dark nights.

Further support is given to the importance of light in
drift-net fishing for herring by a comparison between daylight
and night fishing. For example, a day set on American Bank in
The Gulf of St. Lawrence on September 11, 1950, took only 11
herring, whereas on September 13, 1950, in a night set at the same
station more than 5,000 pounds of herring were taken with the same

gear,
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VIL. Surface temperatures and depths of the varm surface layer
relation to drift-net fishin

Associated with the exploratory drift-net fishing a
series of vater temperature observations was made in order to
determine whether any relationship existed between temperature

conditions and the distribution of herring. The program
varied considerably over the three seasons. In 1950 when the
bosts cruised over large aress surface temperatures and bathy-

themogrnph observations were taken every hour he hour while
4 0150 ot the Fienine stations beth vhen sem.ng the
Pets and hauling then back. In'131 the Tiehing progran va
gontinedy for the most part, to the southwesters porcion of the
ulf of 8t. Lewrence and far less cruising was done. Gecasonal
gL in rivveys vere made but Soet sttntion wes fives o
eternining condilions at the flsning stations. In 195 all of
the observations were taken during actual fishing operations,

It should be pointed out that the temperatures recorded

here do not necessarily reflect general temperature conditions
in the Gulf of St. La\rrence during the three seasons since
observations were not made in the same localities at the same

This is particularly true for the 1952 season when the
observations were made only during fishing operations. Obviously
it would be invalid to compare, for example, July temperatures
in the Magdalen Islands area in one season with July temperatures
in the Gasp€ area in another. What the records do show is the
temperature conditions under which fishing was done regardless of
time or place.

Tables 16, 17 and 18 in the Appendix give the surface
temperatures and depths of the warm surface layer at the fishing
stations in the Gulf of St. Lawrence throughout the three seasons
1950, 1951 and 1952, These data are summarized in Table
4dditional data recorded in 1950 and 1951 will be reported else-

Table %, Mean surface temperatures and depths of the varm
surface layer in the Gulf of St. Lawrence.

__JSSQ_JF__IEZ_
Surface urface Surface

Month layer layer laver
Ma 43,39F 22 ft,
Jue 148 ,8°F 26 £, By 56 reo
July 9L b ft,  62,0°F T

84.,6F 7 ft.  61.6°F 84
Saptgnber 59.5°F 63 ft. 60.MF 50 ft,
Seasonal *  5i.B°F 3% rt.  57.9F 39 ft.

* Includes June, July and August only. Most of the fishing was
done during these months.

Table 4 shows that temperature conditions were gemerally lower in
1950 and 1952 than they were in 1951. It has already been shown
that the catches of herring in 1951 were generally poor. Since
the drift-nets which were used differed in some respects in
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each of the three seasons it is impossible to draw any definite
conclusions as to the relationship between vater temperatures
and the distribution of herring. It is possible, however, that
there is o relationship between the two with high surface tem-
peratures having the effect of keeping herring deeper in the
vater where they carnot be reached by the drift-nets which we
were using, This difficulty could be overcome by setting the
nets in the intermediate water layer rather than at the surface.

The bathythermograph observations show that there is
a well-defined warm surface layer of water over most of the
southwestern portion of the Gulf of St. Lawrence during the
summer months, This surface layer varies in depth from 10 to
95 feet. Mot of the £ishing vas done within the surface layer
and the evidence supplied by the catches, by sonic sound
Tecordings and by fishing ugder various 1ight conditions leads
to the conclusion that herring move freely in and out of the
varn surface layer, This is probably true as long as the teme
perature of the surface layer is not too high or vhat may be
more significant, that the difference in temperature betwee:
e DIRERUsuSERde 1ayer and the colfer Antermediste layer is mot
too great.

VIII. The use of sonic sounders as a guide to the setting of
drift-nets.

The value of echo~sounders in locating herring for

commercial capture has been clearly demonstrated in recent
years and these instruments are now widely used both as an aid
to navigation and for determining the distribution and abundance
of pelagic fishes. The use of echo-sounders as fish finders is,
however, restricted chiefly to inshore areas where there are

own concentrations of herring or where herring fisheries have
been carried on for long periods of time. There has been little
effort put forward by the industry to locate herring in offshore
areas or during the off season.

hroughout the period of sxploratory amd experimental
arift-net nsm.ng from 1950 to 1952 constant use was made of echo-
somders to detesmine their effisiency in losating widely scattered
schools of herring during the summer months.,

¥/V "Harengus" which vas used for this work in 1950
wvas equipped “vith both & Bendix DRL nodel and a Husun MS21B model
echosomder.. The WAV 77, J Gowle" used in 1951 and 1952 was
equipped with a Husun MS2IB sounder in 1951 and a Bendix
sounder in 1952, For the three seasons the machines were operated
continually while the vessels were cruising and searching for
herring and at intervals while the boats were drifting with nets
in the water.

Figure 6 1s a reproduction of four echo-sounder recordings
made during arift-net Pishing operations in the Gulf of St. Lawremce.
DR iothats Heotaiintiors those concantrstias of henmg were
located and the catch per not is shown on the records together with
the dates and fishing stations. It may be seen that in three out
of four cases good catches of herring were made where the echo-
sounder indicated the presence of large quantities of fish. J
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The overall results for the three seasons show that
an echo-sounder is an excellent but not infallible guide for
actual fishing operations. Most of the good catches were
associated with good recordings but some good catches were
made without any indication of fish on the sownder and con-
versely, very poor catches were made in some areas where the
sounder indicated that large schools of pelagic fish were
present.,

IX., The condition (fatness) of herring in the Gulf of St.
wrence during the summer months.

In association with the exploratory drift-net fishing
a study was made of the fat contents of herring and the varia-
tions in fat content throughout the summer months. Most of the
samples for this study were obtained from the Gulf of St. Law-
rence with the remainder being obtained from the Atlantic coast
of Nova Scotia and the south coast of Newfoundland. data
for areas other than the Gulf of St. Lawrence are too few for
any conclusions to be drawn and, hence, they are merely listed
in Tables 19, 20 and 21 in the prendix. These tables include
the results of all the fat determinations made during the three
Phases,

The sampling procedure for the study of condition was
to take from two to six herring from each 10 cm, size group and
to grind the fish in a food chopper. After mixing thoroughly
small samples (approximately 5 gm,) were taken and put in a
bottle with a quantity of anhydrous Sodium sulphate, During
the 1950 season the samples of ground fish were weighed before
being put in the bottles. However, considerable difficulty was
experienced in weighing the samples accurately on shipboard
except under ideal wéather conditions or when the vessel was
tied to a dock and this method was abandoned in 1951 in favour
of a method whereby a measured volume of fish was placed in the
sample bottle with a previously weighed amount of WazSOy. The
weight of fish was determined later in the laboratory. The same
method was used for the samples taken during the 1952 sesson.
In all cases fat determinations were made in the laboratory by
an ether extraction method and the values are given as a per-
centage of the wet weights of the whole fish,

Sunmaries of the results of the studies for each of
the three years are given in Tables 5, 6 and 7 and an overall
summary for the three-year period in Table 8.

Table 5. Percentage fat content of herring in Gulf of St.
avrence from June 1 to September 15, 1950.

No, of Fat content
8ize (em.) Rate A;
20-25 Jme  1-15 b 7.8-
June 15-30 2 11.9-12.0
July 15-31 8 7.1-15.3




(Cont'd.)
No. of Fat content
Size (em.) Date samples
25-30 June 1-15 13 8,2~ 8,8 845
Jue  15-30 2 10,8-11.0 1.9
July 15-31 8 12,1-18,1 5
Sept. 1-15 i 15.5-20.9 82
30-%0 Jupe  1-15 6 9.5-12.8 10,
July 15-31 12 15.9-26.8 19.
Sept. 1-15 8 12,7-18.% 16.3

Table 6. Percentage fat content of herring in Qulf of St,
Lavrence from May 1 to September 15, 1951,

- No, of Fat content
Size (om,) Date

23-33 Ma; 1-15 L 8,
533 Y Akl 8 lo.g
25-39 June 1-15 6 12.2
25:33 June 16-30 2 16,
IZ July ~-15 13 12.5
SR i

o Ave, 1631 10 83-21:3 i
27-38 Sept. "1-15 6 8.8-11.7 0.3

Table 7. Poreentnge fat content of herring in Gulf of St.
Lawrence from May 16 to September 30, 1952.

No. of Fat content
8ize (oma) Date samples
2934 May  16-30 s 3.5
23 Tme 1739 y 1103
27-3 June 16-30 8 16
%6-39 July 1-15 6 164
8-32 hug, 1-15 I3 1&.5
29-32 Aug. 16-31 4 162
27-37 Sept., 1-15 b 3.2-134 13.6
30-35 Sept, 16-30 2 0,3-11,7 1i.0
Table 8. Percentage fat content of herring in Gulf of St
wrence 1950 to 1952,
No, of Fat content
Period samples R

Ma; 16=31 4 365
Jume 1415 22 11,0
June 16-30 16 1&.7
July 1 12 15,5
July 16-31 32 15.9
Aug, 1-15 13.6
Aug, 16-31 m 13
Sept, 1-15 20 1.7
Sept, 16-30 2 11.0
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It is evident that herring recover rapidly from the
effects of spawning and low water temperatures. Fat contents
increased from 3.5 per cent during the latter half of May to
11,0 per cent during the first two weeks of June. The best
condition was reached early in July and was reascnably well
maintained until the end of September when there was a decrease
which is believed to be associated with the development of the
gonads.

During the 1950 season when several mesh sizes were
used in the string of drift-nets a wide size range of herring
was captured and it was possible to show both a seasonal and
a size variation in condition. During 1951 and 1952 very few
of the smaller sizes of herring were captured and it was im-
possible to check these results, However, the 1950 results
showed that the large herring (30-40 em,) were of the b
quality reaching a maximum fat content of nearly 20 per cent by
the end of July but not maintaining this condition beyond the
early part of September when the gonads begin to develop in
preparation for spawning the following May. Immature herring

5’30 cm.) were of excellent quality by mid-July (15 to 18
psr cent) and were equally fat until the middle of September
when the sampling was concluded. Small herring (20 to 25 ecm.)
had the lowest fat content (8 to 12 per cent).

The results over the three-year period show that both
immature and adult herring of excellent quality and suitable
for high grade food products can be taken in the Gulf of St
Lawrence throughout the period June to September.

X. The length composition of offshore herring populations.

Samples of herring from drift-net catches were taken
regularly for population studies. These consisted chiefly of
length measurements although some attention was given to age
composition, vertebral counts, rates of growth and sex and
maturity studies. For reasons given below this discussion will
be ctinﬂnad almost entirely to the length composition of the
samples.,

Since the investigation was designed primarily to test
the effectiveness of drift-nets as a method of catching herring
1t was essential that consideration be given to the size of
herring in the various areas in order that the mesh size which
would catch the greueest volume or welght of herr].ng gould be
used. During the 1950 season gill-nets of 13", d 3
strefched mesh ware used and the largest cntches were mnda from
the 23" nets in the vicinity of Magdalen Islands and from the 2"
nets in the Gaspé area, In 1951 the 13" mesh size was omitted
and 23" and mesh sizes were included in the string. Although
the c:!t\chu 19! 1 were generally poor it was still apparent

that and meshes were most effective in the Gaspé and
Hugdllan aress respactively. On the basis of the 1950 and 1951
results y 2" and 24" nets were used in 1952 since the com-

morclul posslbilities 0! drift-net fishing was the chief purpose
of the work.
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Tables 22, 23 and 24 in the Appendix give the size
ranges and mean lengths of the samples of herring taken during
the three seasons 1950, 1951 and 1952. It may be seen that
mean lengths vary from 40,71 to 75.95 3 em. Also for any
particular mesh size there is b variation, e.g. mean
lengths from 2" nets vary from 50.82 to 65. 1gn}
within the same season in one fishing area using only one mesh
size mean lengths are shown to vary by more than 11 % cm. Be-
cause of these variations a comparison between any two areas is
of doubtful value on the basis of length composition alone and
insufficient data on ages, rates of growth and vertebral counts
were collected to demonstrate positively a segregation of popula-
tions in offshore areas. The majority of the fish taken in the
Magdalens area were larger than those taken in the Gaspé area
and in this respect are similar to ths spring spawning groups in
the same areas. It is believed that affshote m.lgration is, in
general, limited to the feeding grounds which are adjacent to
the spawning grounds and that the various groups of herring in
the Gulf of St. Lawrence are essentially discrete and mtermi.ngle
to a limited extent, if at all.

x and maturity scudias :hovad that most of the herring
caught were adult fish which in Ma d June were recovering from
spawning and throughout the summer hnd gonads in various stages
of development in preparation for spawning the following spring.
In the Gaspé area there was some evidence of immature fish
joining the adult groups. There was evidence of a fall (Septem-
ber) spawning population in both the Gaspé and Magdalen areas
and a summer (July) spawning group on the east side of Prince
Edward Island.

XI. Some observations on the abundance of mackerel in the Gulf
of St. Lawrence.

During the exploratory drift-net fishing for herring
over the perlod 1950 to 1952 some interesting observations were

in the 0\111' ol‘ St. Lawrence, Since drift-net fishing for mackerel
might well be combined with fishing for herring and contribute
considerably to the success of the operation some of these observa-
tions are recorded here.

It shonld be pointed out that at no time were there any

’l)mol.l efforts made to catch mackerel and hence the catches were
almost certainly far smaller than could have been made with suitable
gear. Even the largest nets which were used (3" stretched mesh)
were too small to hold mackerel securely and large numbers were
mvsrllbly lost vhile the nets were being hauled. Tables 10, 11

d 12 in the Appendix show the quantities of mackerel Uhich were
lct\uuy boarded during the three seasons,

For 1950 and 1951 vhen some 23" and 3" mesh nets vere
used more than 25 per cent of the total catches consist of
mackerel, This is quite significant in view of the fact that the
landed value of mackerel is nearly four times that of herring.
The value of the mackerel caught was, therefore, somewhat greater
that the value of the herring.



is also significant that some mackerel were present

a high proportion (85 ) of the catches in the Gulf of St
Lnrrencs which fact indicates a very wide dlstrihutlon of mnckerel
in that area during the summer months.

In addition to the landed catches schools of mackerel
vere frequently seen at the surface when the boats were cruising.
On July 9, 1952, for example, on a cruise from Sea Wolf Island to
Souris mackerel schools were observed continuously over a three-
hour period. No attempt was made to estimate the actual number
but frequently 10 or 12 schools could be seen at the same time,

many other occasions mackerel schools were observed over an
area which extended from 8 to 10 miles,

There is a commercial fishery for mackerel in the Gulf
of St. Lawrence carried on chiefly in the spring and fall in
inshore areas. It is believed that the total landings could be
greatly increased by fishing offshore throughout the summer
months. Drift-nets would almost certainly provide worthwhile
catches but from the observed schooling habits of these fish
purse-seining might be a more effective method of capture.

XII, Some economic aspects of drift-net fishing.

It has been shown that commercial quantities of high
quality herring can be taken in most of the southwestern Gulf
of St. Lawrence areas throughout the period May to September,
The success of the operation would, of course, depend on the
value of the catches and it is apparent that éhis would have to
be three cents per pound or more, An average of three fishing
days per week can be expected and this could almost certainly
be increased to four by fishing over the weekend, Catches !ho\llﬂ
average from 6,000 to 10,000 pomds ror a crew of four using a
minimum of 750 yards of net, The amount of gear that can
handled would depend to a large axtsnt on the total quantity of
fish caught, since the removal of fish from nets is very time-
consumlng For exu le, on June 11, 1952, it took four men 12
hours to remove % pounds of herring from 10 nets, while on
August 19 the nme men removed 4,875 pounds of herring from 21
nets in a little less than six hom-s Without doubt, the
efficiency with which fish could be removed from nets would in-
crease with experience but it would still be a serious limiting
factor.

It 1s believed that the efficiency of handling gear and
catches could be greatly increased, perhaps even doubled, by
using a boat vhich could be more easily manoeuvred than the
"Harengus" or "J, J, Cowie" and which had less freeboard and more
deck room, A Cape Island or similar type of boat 45 to 55 feet
long should be satisfactory for this method of fishing both
from the point of view of seaworthiness and for convenience in
setting and hauling nets

European nets are from two to three times as efficient
as Canadian nets, chiefly because of their greater depth, In
addition, Canadian nets are usuilly made of 14/6 twine which is

believed to be larger than necessary and perhaps not as suitable
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for drift-net fishing., However, it has the advantage of
being more than twice as strong as the 36/9 twine from which
the European nets were made. Some compromise between the
two seems to be desirable.

Single net units cost between $50 and $60. A com{.leta
set of gear as recommended above would cost in the vicinity of
$1,500 and with proper care should last for, at least, three
seasons.

Under present conditions it would appear that the
best returns from a drift-net fishery could be had by marketing
the catches as high-grade food products., It is very doubtful
whether a meal and oil industry could be operated successfully
if dependent wholly or for the most part on drift-net catches,
The cost of raw material would be too high in spite of the very
high fat content of herring which can be caught during the
summer months.

gure 7 shows four photographic illustrations of the
qunntities of herring which were taken on various occasions with
drift-nets,

XIII. Summary and conclusions.

1, Explorations for herring in offshore areas which had been
I:l!'rl!d on by the Atlantic Herring Investigation Committee from
ézlo-h 1945 vere continued in 1950 by the Atlantic Biological

ation.

A progran of exploratory and experimental drift-net
i;;hing was initiated in 1950 and continued through 1951 and

3. The programs in 1950 and 1951 were exploratory in
nature and had two main purposes. First, to determine the
offshore distribution of herring and Aecond, to determine the
most effective mesh size of gill-nets. The program in 1952
was designed to test the commercial possibilities of drift-net
fishing in the Gulf of St. Lawrence.

%, Herring were found to be abundant in most of the south-
western portion of the Gulf of St. Lawrence throughout the period
May to September. No worthwhile catches were made anywhere else.

5. In 1950 catches per night per net (373 yards long and
150 meshes deeﬁ) averaged 136 pounds as compuad with 50 to 100
pounds in the North Sea with nets more than twice as deep.
1951 catches were poor until late in the season when deeper nets
were used and good catches were again made, In 1952 using North
Sea nets 360 meches deep, catches averaged over 300 pounds per
net-night and over 400 pounds in some areas.

6. The abundance of planktom, particularly the copepod
Calanus, can be used as a guide for setting drift-nets to capture
hnri.ng. In more than 50 per cent of the cases large catches were

in areas which were rich in plmktm whereas poor catches
(-xcapt in 1951) were almost invar: sociated with small
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quantities of plankton,

7. Light conditions are shown to be important in drift-
net fishing operations. A day set on September 11, 1950 took |
only 11 herring whereas on September 13 in a night set at the same
station more than 5,000 pounds of herring were taken with the same
Eel « Throughout 1952 the average catch per net per night was

pounds on moonlight nights; 236.7 pounds on dark overcast
nlghts and 5%0.9 pounds on cleur starlight nsghts.

8, Surface temperatures at fishing stations were higher
in 1951 than they were in 1950 and 1952, Drift-net catches
were generally poor in 1951. A relationship between these two
observations is suggested.

9. Bathythiornogragh observa*ims showed the development o
a warm surface layer during the summer months. Most of the nshmg
Was done within this layer: hish Teriadiin depth from 10 to 95
feet during the period May to September,

10, Sonic sounders were used throughout the invastigstioﬂ
and proved to be an excellent but not infallible guide f
fishing operations. Most of the good catches of herring and
mackerel were associated with good recordings but some good
catches were made without any indication of fish on the sounder.

11, A study of variations in fat content of offshore herring
populations showed that herring recover rlpidly from the effects
of spawning and low water Fat
from 3.5 per cent during the latter half of May to 1l. 0 per cent
during the first two weeks of June. The best condition was
reAc.hed early in July and was reasonably well maintained until
the end of September. The largest fish were of the best quality.

Samples of herring examined for lengths, ages, sex and
mtnrity indicated that the offshore summer feeding populations
were similar to the inshore spring spawning populations in the
same areas.

3. There are both spring and fall spawning groups in the
Hagd.llen Islands and Gaspé area and a small summer spavning group
on the east coast of Prince Edward Island,

14, Some ions are on the
mackerel in the Gulf of St. Lawrence, In spite of the unsuitabuity
of the gear used quantities of mackerel were taken regularly an
contributed 25 per cent of the total catches in 1950 and 1951, It
15 belleved that the present landings of mackerel Gould be greatly
increased by fishing in offshore areas during the summer months
and using either drift-nets or purse-seines.

15. Commercial quantities of high quality herring suitable
for high grade food products can be taken throughout the summer
months in the ulf of St. Lavrence if the landed value is thres
cents per pound or more, A Cape Island or similar type of boat
45 to 55 feet long is recommended, With a crew of four using a
minimum of 750 yards of net, catches should average between 6,000

Sebr S L |
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and 10,000 pounds and an average of from three to four fishing
days per week can be expected.

16, European nets are from two to three times as effective
as Canadian nets, chiefly because of their greater depth, A
stretched mesh size of 2" is recommended for the Gaspé area and
24" for the Magdalen Islands area. If only ome set of gear can
be purchased mesh would be the best compromise.

17. Single net units cost from $50.00 to $60,00 depending
on the mesh and twine sizes. A complete set of gear would cost
approxinately $1,500,00 and with proper care should last for,
at least, three seasons,
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Table 9. Location of Herring Drift-net Stations 1950,
1951 and 1952.

B
BEELREFURES

Location

East by South of Bast Pt., P.E.I.
Le Fond George

South of Bird Rocks, Magdalen Is.
East of Alberton, P.E.I.
Bradelle B

Entrance Miramichi Bay, N.B.
Orphan

American B

Entrance’ Clbot Strait West

Canso Bank

Middle Grownd

South ot Beaver Harbour, N.S.
Sambro B:

Le Have Bank

Roseway Bank

Entrance St. Margaret's Bay, N.S.
Entrance Cabot Strait East

ay St. George, Nfld.

ay of Islands, Nfld.

Northwest of Bonne Bay Nfld.
outh of uverpou,

Southwest msquodobon, N.8.
Southeast o!‘ Liscomb

Bons ot S 1oton. Terand, Hub.
North of Cape St. Lawrence, N.S.
Northeast of Shipwreck Pt., P.E.I.
Northumberland Strait

'ortune Bay, !fld.

ortune Bay, Nfld

Entrance Conn!igrc Bay, Nfld.
Saint Pierre
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Table 10, Drift-net Catches of Herring and Mackerel 1950,

Total of Mesh sizes ¥  Total catch (pounds)
nets used 14" 2 24" 3" Herring Mackerel

20 2 BN 11 0
20 2 8 /L8 2 6,000 3,000
12 2. 8 TS ES 7,600 [
9 2 E a 1 30 0
12 2 hughine 120 2553
12 2 900
12 2 Wi -2 550 15
12 2/ Ne FEG P 2,200 150
12 2. hlaktie s 0
12 2 % Sl 5 210
12 2 ol W [ 5
12 2 W ikESD G 5
12 2.4 Mgr i 12 &
12 25K AR S 0
12 2 W WIS 30 150
12 2 % 4l iags 2,100 »
12 R T 180 25
12 25 W N 100
12 S T 5,200 60
12 2 [y R e 75
12 2 "W TFRLS 25 125
12 2 % CAREVE 0 15
12 2 b ho 2 0 10
12 2. b inEEs 0 10
12 2 & 2 o 0
12 2 W W 2 0 0
12 2505 ke 2 <5 50
12 2, N ol 15 350
12 RN EE S 10 50
12 Rrilo. oD I3
12 T T, TR 6,000 2]
12 TRk AL AR 1,400
12 Bt N2 5,000
12 2 i 2 <5
12 e [
12 2 1o AN <5 <
12 : 4 4 4 2 100
12 R R e S 50
M/V “Bastern Explorer”
13 L [} 20
12 E L. 8 350
12 b b b S 10
12 4 L 0
12 At iy 0
12 e »
9
12 IV 1
12 L 44 <5
12 4 oL <5
B L 0 20
* Stiggched}llggsael.'ron l.nside imots, All nets 373 yards long and




age
Table 11, Drift-net Catches of Herfing and Mackerel 1951,
wy_ g "
Total of Mesh sizes * Total catch (pounds)
Date  Station 2 gi' 23n 2gn 3
~23 15 3 3 aresiy 75 o
17 EDN-12 10 2.2 B 20 15 0
18 EDN-25 10 2 pragdins e 110 0
28 EDN-35 10 2 2 32U 288 150 0
29 HDN-3 10 2 - 2higEreTang 3 [
31 EDN-3 10 2 " 2 BRI 60 0
HDN-37 10 2 2 cagles 2 ¢ 15
12 HDN-26 10 2 27 akEn 9 0 7
:Jl.g EDN~- 10 2 2 “FNtorgy 25 2
EDN-28 2 2 B2 110 1,000
19 HDN-: 10 2% 2 oMeels g 75
20 EDN-27 10 R I T I & 50
22 HDN-3 10 2 ve 223 225 i5
HDN-1 TN T 10 110
9 HDN-28 10 B 30T, UPIHS i 5 255
10 -6 10 £ 2 T 2 10 100
Jig HDN-30 10 R 2", “2vaal 2 5 e
EDN-31 10 2252088000 § 100
18 HDN- 10 T Y ] 900 155
25 EDN-M 2 2 ~ig S oy 0 0
HDN-Y4 10 TR T 225 200
EDN-28 10 Pe, 2%, j 2yl 2 15 175
-1 10 2 20020 5 0
13 HDN-26 10 BFeigeiip L 9" 2 & 50
16 HDN-2 10 2 222 9 <5 60
EDN-27 10 obuigia oy 2" 2 0 50
23 HDN-26 Pt 2. 2 175 60
27 HDN-30 10 TR R 300
28 HEDN-& 10 e L) 125 250
29 HDN-6 10 2 B8 75 1450
HDN-31 12 2993 2.7 3.+ 2 & 700
10 HDN- 12 L e T T ] 835 250
1 HDN-8 12 T L e 0 150
13 EDN-31 12 PR SR TR (R 0 1,000
M/ _"Harengus”
Aug. 28 HEDN-7 10 10 - = = = 5 150
Aug. 29 HDN-5 L g 9 = & = = 10 220
* Stretched mesh from inside knots. All nets 374 yards long md
meshes deep except after September 2 when one d on
" net 300 meshes deep was included in the string.
*¥¥ets completely rolled around headrope during storm., Not
included in averages.
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Table 12, Drift-net Catehes of Herring and Mackerel 1952,

Total of Total catch (pounds)
Mesh sizes *  _Herring Mackerel

10 300 -
10 1,575 2
10 2,250 -
10 110 5
10 675 k%0
10 8,250 10
10. W3 ko
10 2,000 30
10 1,725 3%
10 75 225
10 150 1,500
10 7 1,000
10 1,500 600
2 5 450
1 225 675
1 -

8 7

1 340

1 75

1 2,100

1 2,500

1 30

21 1,875

21 25,830

10 12,300

10 1,3

1 23" (1) 12,375

1 " (1) 1125

11 (1) 104665

10 3%

10 20

10 2

* Stretched mesh from knot centres, Number: p is
indicate number of nets of each mesh ;ue. All nets 37%
yards long and 360 meshes deep.

** Nets lost during storm. Not included in averages.
*¥% Minimum estimate only - nets sank with wei ht of herring.

Galeulated from catch boarded on kugust 28 (1,230 lbs.
per net) when nets did not sink from weight of




Table 13.

June
June

July
s
July
July

July
July
July
July
July

15

19

29

o

Station Quantity

HDN-1

HDN-2
HDN-3

HDN-18

HDN -l

HDN~6

HDN-8

HDR-7

HDN-10
HDN-12
HDN-13
HDN-1%
HDN-15

HDN-16

L

50
50

500

320

180
[
[
10

100

CoCo

CoCo

CoCo

CoCo

CoCo

CoCo

€aCo

o
o

CoCe

coc

CoCo

CoCo

CoCo

coCo

CaCo

5w

Plankton Collections 19500

Description

Copepods Chnetognaths (354) , fish
eges (137), Decapod larvae (5),
rpl;cel of(mgm &

15} eggs 3 Chaeco naths
(215) herzlng 1arvae (85

Fish eggs (1 202) 7 Chaetognnths (33),
fish larvae small quantity of
green algae.
50% of tow contained: Medusae, Am-
phipods (876), Chaetognaths (231)
Decapod larvaa (33), fish eggs (2%),
fish larv: 18
105 or tov comt ained: Fish eg s
(2,304) , Decapod larvae (569,
cmetugmchs (155) y herring 1u-v ae
(16), fish larvae (12), Amphipods
(3), pieces of medusae.
Fish aggs (227) , Decspod larvae
178), Chaetograths (139) , fien
Tarvas (6), Copepods, Amphipod

(1)o
Fish eggs (251), Decapod lu.rvn (121),
flsh larvae (13), Amphipods (5),
epods and f brcus dehr
Epoi\tnv ined: Fish e
( 057) Chaetognaths (h30) Decnpoﬂ
aas) fish larvae (3), Am-
phipods
Chiefly Copepods, a few Chaetognaths,
Ctenophores , Decapod larvae, fish
eggs and Amphipods
Chiefly Copepods, a few Chactognaths,
Ctenophores, fish eggs, fish larvae
e.;od arvae.

s
“and fish eggs.

Copepods, fish eggs and Amphipods.
Chiefly Copepods, a few Ctenophores,
Chaetognaths, Amphipods and fish

e5gs .
cnietiy Copepods, a few fish eggs,
fish 1 Decapod larvae, Chae-
Sogaatiis aad Cyenupliorens
cmeny Copepods, a few fish eggs,
nrvaa, Decapod larvae and
Chaetcgnue
Chiafly Copepods, a few fish egga,
vae and Decapod larva
cmeny Copepods, oy Tish latvasy
gs and Decapod larvaeo
Cnlefly Co‘pspods, a few fish eggs,
fish larvae and Decapod larvae.
Chiefly cnpepoas, a few fish eggs
and Decapod larv
Chiefly Copepods, n few fish eggs
larvae.




(Cont'd.)
Date

Faly
July

Aug,
Aug.

Aug.

hug.

Aug.

Sept.
Sept.
Sept.

Sept.

Sept. 1

Sept.
Sept.
Sept.

28
31

o

%

oownH

1
3

Sept. 21

Sept.
Oct.
Oct.

Btation
HDN-%
HDN-10

HDN-11
HDN-12

HDN~-12

HDN-12
HDN-15

HDN-16

Quantity
%0 c.co
25 c.c.

5 C.Co
e.ce

<5 coCo

163
Description

Chiefly Copepods, a fev fich eggs,
larvac and Decapod larvae.
501 nf tow contained: Copepods
Ctenophores, fish eggs (38), Chae-
tognaths (21) Deca‘pod larvae (11),
fish larvae (3) and Amphipod (1),
Copepods and r1sh eggs.
tow contained: Fish eggs (1,037),
Chastommathe. (660, C1adocors. (963
Copepods Ctenophores, Decupod larvae
(11), and fish larvae (9).
508 of tow contained: Copepods, Cteno-
phores, fish eggs (386), Amphipods
(7) and Chaetognaths (1).
50% of tw contamed Copepods, cteno-
phores s (99), Decapod larv:
(55), P aggs 03y inasternatnaliy
fish larvae (1)
Copepods (27) .
Copepods. Amphipods and fish eggs.
Chiefly Copepods, a few Medusae.
Chiefly Copepods, a few Ctenognaths,
Decapod larvae, Amphipods and fish

arva

Coj pepods and fish eg

Copepods (247) Decapod larvae (15),
fish eggs (12

Copepods, Chaetognaths, Decapod larvae
(2)y fish larvae (1).

s
Fish eggs and fish latvae,
Copepods, Pteropods, Dacapod larvae,
Amphipods and fish'e
Copopons, Amhipods sng Decapod larvas.
Tadocera, and

Amphipods.

Chiefly Copepods and Medusae, a few
Chaetognaths and Amphi)

Chiefly Copepods with a feu “Pteropods.
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Table 1%, Plankton collections 1951,
Date  Station Quantity Description

May 10 EDN-23 51 c.c. Copepods (35 c.c.), fish eggs (52)
Appandlcularlnna 16) , Pteropods (10),
Amphipods (2) snd Decapod larvae (1)

May 17 EDN-12 15 c.c. Copepods (8 c.c,), Amphipods (199)
Chastognaths ' (8)) Decapod larvae ls),
Medusae, Appendicularians (3), fish
©eggs

May 18 EDN-25 92 c.c. Copepods (28 c.c.), Amphipods (551&
fish eggs (70), Decapod larvae (3! f
Scnizopeds (30], Medusae (28),
Chaetognaths (2],

May 28 HDN-35 74 coc. Medusae (99), De capod larvae (392),
fish eggs (315) 19); Amphipads (271
Schizopods 21 3, Copepods (111);
Pteropods (66

May 29 HDN-33 100 c.c. Chiefly Medusae, a few fish eges,
BteroyadsianaRusits

May 31 EDF-3% 30 c.c. Medusae (112) Decapod larvae (31»),
Copepods (6], Pteropods (38),
phipods (26) '£ish sggs (13)
Appendicularians (1) an Echlzogods ).

Jme 5 EDN-37 15 c.c. Medhsae (50), Decapod larvas (
Auphipods (és), fish eggs (179 an
Copepods (

June 12 HDN-26 90 c.c. cntetly Copepods, a few Chaetognaths

d fish eggs.

g

June 13 HDN-1 62 c.c. Decapod larvae (696), Chaetognsths (616) 4
fish eggs (16 c.c.) and Copepod:

Jwe 18 HDN-28 126 c.c. Chiefly Copepods, a few fish vees and
Decapod larvae.

June 19 HDN-2 116 co.c. Chiefly Copepods, a few fish oggs, Deca-
pod larvae and fish larvae,

Jme 20 HDN-27 165 c.c. 25% of tow contained Copepods, fish eggs
7 cuc.,), Decapod larvae (88], Chaetog-
naths

Jwme 25 HDN-3 180 c.c. Chienydc;pepods, a few fish eggs and

cap o

July W HDN-1 230 c.c. Chiefly Copepods, a few fish eggs and
fish larvae.

July 9 HDN-28 110 c.c. Chiefly Copepods, a few fish eggs, fish
larvae and Decapod larvae.

July 10 HDN-6 %00 c.c Chiefly Copepods, a few fish eggs and

1sh larvae.
July 13 HDN-30 310 c.c. Chiefly Copepods, a few fish eggs, fish
larvae and Decapod larvae.
July 18 HDN-8 145 c.co Chiefly Copepods, a few fish eggs and
ecapod larvae.
July 25 HDN-k 210 c.c. Chiefly Copepods, & few fish eggs, fish
larvae and Decapod larvae
Aug, 6 EDN-4 20 c,ca Chiefly Copepods, a few fish larvae,
Decapod larvae and Amphipods.

Aug, 7 EHDN-28 28 c.ce opepods, a few fish eges and
larvae.
Avg, 8 -1 6 coeo Copepods, a few Amphipods, fish

Ct
a;;g: and fish larvae.
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(Cont'd.)
Date  Station Quantity Deseription
Aug. 13 HDN-26 10 cec. Chiefly Copepods, a few fish eggs.
Aug, 1% HDN-2 ¢5 c.c. Copepods and fish eggs.
Aug, 20 FDN-27 &5 coc. Copepods, fish larvae (2), a few

Amphipods and fish eggs.
Aug. 23 HDN-26 (5 c.c. Chiefly Copepods, a few fish larvae
and Decapod larvae.

Aug. 2Z mmjo 45 c.c. Copepods.,
Aug. 28 DN zg c.c. Copepods.
Aug, 29 -6 c.co Chiefly Copepods, Decapod larvae (25),

d
Chaetognaths (4], herring larvae (1).
Sept. 3 EDN-31 28 c.c. Chiefly Copepods,’a few fish larvae.
Sept. 10 HDN-| 25 cuc. Chiefly Copepods, a few Decapod larvae.
EDN-8 20 Chiefly Copepods, a few Decapod larvae.
Sept. 13 HDN-31 11 Chiefly Copepods, a few Amphipods.
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Table 15, Plankton collections 1952,

Date  Station Quantity Description

May 19 EDN-2 {5 c.c. Copepods, Decapod larvae, Chaetognaths

and fish eggse.

May 20 HDN-2 120 c.c. Fish eggs, fish larvae, Ctenophores and

Decapod larvae.

Copepods, fish eggs and Decapod larvae.

Copepods, Ctenophores and Decapod larvae.

Copepods, fish eggs, fish larvae and
Decapod larvae,

June 10 HDN-2 125 c.c. Chiefly Copepods, a few fish eggs.

June 18 HDN-1 290 c.c, Chiefly Copepude a few fish eggs and

Decapod larv:
June 19 HDN-1 760 c.c. Chietly Ccpepods, a few fish eggs,
apod larvae and herring larvae (18).
June 23 HDN-1 515 coce Chiefly Copepods, a few Decapod larvae,
fish eggs, fish larvae and herring
larvae (1).
June 25 HDN-1 460 c.c. Chia!ly Copepods, a few fish eggs,
Decapod larvae and Chaetognaths,

e 26 HDN-1 505 coce Chietly Copepods, a few Decapod larvae,

fish larvae and fish eggs.

July 1 HDN-26 330 c.c. Chiefly Copepods, a few fish eggs,

apod larvae and Chaetognaths.

July 2 HDN-1 510 Chiefly Copepods; a few fish larvae,
Decapod larvae, Amphipods and
Chaetognaths .

July 7 EDN-2 300 c.c. Chiefly Copepods, a few fish eggs, fish

larvae and Decapod larvae.
July 8 HDN-1 460 c.c. Chiefly Copepods, a few fish eggs, fish
larvae and Decapod larvae, lobster
larvae °

July 31 EDN-8 130 c.c. Chiefly Copepods, a few fish eggs and
Decapod larvae.

Aug. 4+ HDN-8 540 c.c. Chiefly Copepods, a few fish eggs, fish
larvae and Decapod larvae
Aug. 6 HDN-8 240 c.c. Chiefly Copepods, a few £ish larvae and
Decapod larvae
Aug, 7 HDN-31 310 c.c. Chieflyﬂﬂgpepods, a few Amphipods and
ecapo
Aug, 12 HDN-8 600 c.c. Chisfly Co‘pepods, a few fish larvae and
capod larv
13

HDN-8 300 c.ce cmeny Copepods, a few Amphipods, fish
e and Decapod 1

larva arvae.

Aug. 14+ FDN-8 75 c.c. Chiefly Copepods, a few fish eggs and
Decapod larvae.

Aug. 19 HN-8 160 c.co

Sept. I+ HDN-8 125 c.c. Chiefly CGopepods, a few Pteropods and
Decapod larvae, herring larvae (6).

Sept. 9 HDN-8 ¢5 c.co Chiefly Copepods and a few Decapod

arvae.
Sept. 15 HIN-31 295 c.c, Chiafly Copepods and a few fish larvae.
d

Sept. 22 HDN-26 <5 c.c. Chiefly Copepods, a few Pteropods an
fish eggse

Sept. 24 HDN-1 (5 coc. Chiefly Copepods, a few fish larvae and
Pteropods

gt ot o v o et B i R A L



=105
Table 16, Surface Temperatures and Depths of the Warm Surface
Layer 1950,
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Table 17. Surface Temperatures and Depths of the Warm
Surface Layer 1951,

Station No, Date Temperature  Depth of Surface Laver
EDN-26 Jme 12 2.7 °F, Eg“'
EDN-26 Jme 13 1.65
EDN~1 Jme 1 14,0 -
EDN~ Jme 1 2,9 30
HDN-28 June 18 6.0 15
HDN-28 June 19 g.é 10
EDN-2 June 19 .3 10
HDN~-2 June 20 7075 20
EDN-27 Jme 20 13 10
HDN-2" Jme 21 58 . 30
HDN~3 Jue 25 2.7 30
EDN- Jme 26 2,2 55
HDN-1 July k& 1.2 50
EDN-1 July 5 1,0 55

-28 July 9 i gg
EDN-28 July 10 1.85
EDN-6 July 10 50,1 30
HDN-6 July 11 9.4 35
HDN-30 July 1 2,6 30
HDN~30 July 1 1.3 30
HDN-31 July 16 1, 1o
HDN-31 July 1 0.3 15
HDN July X 0. 30
HDN-8 July 19 9.l 30
EDN-lt July 25 ko1 35
HDN-Y4 July 26 3.1 35
HDN-2 Aug, 16 5ol 23
HDN-2 Aug, 17 Y 65
HDN-27 Aug, 21 3.7 50
EDN-26 Aug, 2 5.3 zg
HDN-30 Aug. 2 5.5
EDN- Aug, 2 5.3 40
EDN-} Aug. 29 5ol 30
EDN-6 Aug. 29 6 ot -
HDN-6 Aug, 30 5.8 45
HDN-31 Sept. H] 50.6 50
HDN-31 Sept. 9,9 50
HDN. Sept. 10 o2 95
HDN-8 Sept. 11 % .9 75
EDN-8 Sept. 11 3.3 75
EDN-8 Sept. 12 2.7 -
EDN-31 Sept. B 1,0 45
HDN-31 Sept, 1! 5806 50
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Table 18, Surface Temperatures and Depths of the Warm Surface
Layer 1952,

Station No, Date Temperature  Depth of Surface Laver

May 19 43,2 °F, 10 ft.
May 20 43,
May 29 ::2.2 35
Jue 3 o2 25
Jme 10 49,6 25
June 10 49,6 25
Jme 19 49,1 50
June 23 530 o
Jme 2 52.0 35
Jme 2 52.7 15
July 1 59.5 2
July 2 5749 25
July 7 63.5 50
July 67.3 60
July 1{ 82.,0% 2%
Aug. 60,6 5
Aug, 6 624 15
Aug, 7 65-g 25
Avg. 12 62, 50
Aug, 1 62,6 25
Aug. 1 €428 50
Aug. 19 60,1 65
Aug, 60,1 60
Aug, 26 59.E 70
Aug, 28 27. 65
Sept. 13. 008 4%
Sept.o 5949 25
HDN-31 Septo 15 57.0 65
HDN-26 Sept, 21 62,2 25
HDN-2 Sept. 24 61,9 5

* Not iIncluded in means. Record made under unusual
conditions, a very warm day with no wind,
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Table 19, Percentage Fat Contents of Herring 1950,

Size range No, of Fat contents *
Date Area _(;th)__ herring % wet weisht whole fish

June 2 HDN-1 gg to 59 6 a,g, 8.3
June 6 HDN-2 to 50 6 7.8y 8.0
Jue 6 HDN-2 €0 to 70 10,0, 9.8 |
Jume 6 HDN-2 50 to 60 8.8, 8,2
Jme 7 HEDN =~ 60 to 70 9.5 10.0
June 13 EDN %0 to 50 9.3, 9.7
June ]% HDN-} to Zo 12.8, 11.9
June 1 HDN-6 to b5 29, 12,0
June 1 EDN-6 55 to gz 11.0, 10.8
July 11 Sable Island 73 16,7, 15.9
y 11 HDN~1¢ 67 o 70 17,55 17.5
July 18 EDN-1 3 to 61 14,7, 14,3
July 19 HDN-2 to 12,8 13.3
y 19 HDN-2 50 to 60 12,5, 12,1
July 19 EDN-2 €0 to 70 19,2, 20,0
July 22 HDN-! 50 to 60 17,24 17.3
July 22 HDN-5 €0 to 70 26,8, 26,3
July 22 HDN-5 40 to 50 7oy 7o
July 25 HDN-7 58 to 68 16.5, 15.9
July 25 mm-g 68 to 77 17.24 17.2
July 27 HDN~ Ul to b9 1&,3, 15.3
July 27 HDN-8 53 to 62 17.8, 18.1
July 2 HDN-8 éa to 68 18,0, 18.0
July 2 HDN-6 to k9 8.1, 8.3
July 28 HDN-6 50 to 6% 32,7y 32,0%%
July 2 e 62 to 70 21,2, 21.0
Aug, 15 EDN-15 63 to 64 36y 1101
Sept. 1 HDN-1 67 to 74 17.8, 17.7
Sept. HDN-2 50 to 20.8, 20,9
Sept, 7 HDN=-5 59 to 69 12,7, 13,1
Sept. 7 HDN-6 to 70 18,2, 18,k
Sept. 14+ HDN-8 15,5, 15.6
Sept. 15 HDN-6 76 t0 79 6.3y 16.0
Sept. 30 HDN-15 BRL. 2 1009, 12,2
Oct, 13 EDN-1 59 to 67 3 2.3, 2.5

* Duplicate samples from same lot of fish.
** Determinations doubtful and not included in averages.
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Table 20, Percentage Fat Contents of Herring 1951

Size range No, of Fat contents *
Date Area _(i_mj_ fish % wet weight whole fish

May 11 HDN-23 46 to 5Z 3 10,2, 8.8
Mey 11 EDN-23 26 to b 3 o7y 647
May 18 HDN-12 62 to 70 3 10.2; 10.6
May 19 HDN-25 54 to 57 3 124, 11.8
May 19 HDN-25 84 to 77 a 1.1, 91
May 2 HDN-3 5% to 80 by 7.2
June HDN-3% 84 to 78 2 745
Jume 13 HDN-26 o 1
June 1k EDN-1 50 to 70 6 6.7
Jume 19 HDN-2 3 9.1
Jme 21 HDN-27 65 to 69 3 9.6
July 7 HDN. 6% to 77 3 5.8
uly 11 HDN-6 57 to 79 5 g 0
July 14 EDN-30 33 to 63 E 9
July 19 HDN- 95 to 65 6.0
July 19 EDN-8 & to 73 s 2,4
. .7 HDN-4 45 to 5 S 34
Aug, 17 EHDN-2 to 2
Aug, 2% HDN-26 62 to 77 6
Aug, 28 Hnn-zo 53 to gg Z 9
Aug, 30 HDN~ 57 to i
Aug. 30 HDN-6 70 to 80 3 2
Sept. 11 EDN-8 65 to 75 3 8
Sept. 11 HDN-8 53 to 63 3 3

* Duplicate samples from same lot of fish,
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Table 21. Percentage Fat Contents of Herring 1952.

Size range No, of Fat contents *
[ cgg.i fish wet we t

Date
May 20 68 2 2,9, 3.4
May 20 2 3.6, a.o
June 55 to ;E 4 925 9.3
June 10 to s 1a°6, 13.

Jme 19 to 70 6 1.2, 15.0
June 20 61 to 6l 2 15.k, 10,2
June 2k 75 to 76 2 15.0, 17.1
June 26 55 to 57 2 6y 1M
July 72 to 76 2 17.55 17.0
July to 2 15.7, 16,0
July 9 76 to 77 2 16,3, 15.8
Aug. 57 to 63 i Lo 183
Aug. 13 57 to 62 5 11,7y 120

Aug. 57 to 5 1k, 14,2
hug, 29 55 to 64 H 13:37 4.6
Sept. 55 to 6 13,2y 13,

Sept. 9 &% to b 1303, 13

Sept. 21 60 to 69 g 11,7, 10.3

* Duplicate samples from same lot of fish,
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Table 22, Length Composition of Herring Samples 1950,

No, of  Length in # cms.  Gill-net ¥
Area Lish Range e mesh size

0 1% 4n..
I 2

bL 2

16 13

i

R0 110 1L 19 100 199 10 0 10,010 9 B9 R0 10 19,10 M0 B 0.8 10,10 M4 19 N0 0

#*7 Stretched mesh inside knots.
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Table 23, Length Composition of Herring Samples 1951,
No. of  Iength in # cms,  Gill-net ‘
Range Mean mesh size *

Date fish
Ma; 1 31 y5-62 55,13 2 1in,
Yay 11 1l 59-67  63.50 2:
May 11 26 59-70 6 .12 2
May 19 25 51-66 52.6 2
May 9 17 61-70 [ 2;
May 9 60 ;B- 8 Sg .ig
May 9 3 0 o
May 29 5'3 63-83 74032
May 9 34 68481 532 2;
May 29 19 71-80 5.95 3
May 30 110 143-69 3.05 2
May 30 125 52-80 62,11 >
May 30 99 58-81 68,02 2
May 30 12 62-78 2.33 2
May 30 1 62-80 1.87 3
June 1 1 56-78 0,6k 2;
June 1 2| 61-80 8 o1tk
June 12 16 4869 5055 2
June 12 10 50-71 1,50 2
Jue 12 89 53-7 3036 2
June 12 23 52~ 391 2
June 12 Tk 55-68 409 2
June 14 160 7. 5025 2
June 14 106 52-72 2.62 2
Jwe 14 10 59-80 ! 2
June 14 3 - 6.61 2!
June 14 28 9" 56 o 11+ 3
Jme 19 101 50-68 1,19 2
June 79 52-73 9,04 2
June 20 3 51-67 0.79
June 20 12 60-76 k.67 2
June 26 85 57-68 2,92 2
Jme 26 Ez 56-7 .09
Jue 26 62-Z <59
July 18 203 %4968 252 2
July 18 120 52-73 ] 2
July I 92 60-71 ! 2
July 18 25 61—7§ il 2
July 18 2 62-7 .08 3
Avg. 14 45-70 52,82 2
Aug. 7 3 53-78 61,47 2;
Aug. "y 22 53.75 64,27
Aug. 28 51-72 6025 2
Aug. 24 19 1-78 5.16 2
Aug. 24 16 62+77 81 3
Aug. 24 22 1~ o
Aug, 24 1! 62-80 40
Aug., 29 2 58-79 W71
hug. 29 21 53-61 86 2
Aug, 30 32 62-77  69.81 2%
Sept. 11 B 51-7 58.39 2
Sept. 11 HDN: 106 54-73 63,81 2%

* Stretched mesh inside knots.




-18-
Table 24, Length Composition of Herring Samples 1952.

No. of Length in E em.  Gill-net
Date  Area  Mesh size _fish  _Range mesh size¥

Jue 19 HDN-2 2% in, 479 55-75 62,9 in,

June 20  EDN-L 150 1-70 59.69

June 2%  HDN-1 230 5478 63,14

July 3 HDN-1 2h1 53-81  67.80

July 9 EDN-1 206 55—23 63,9

July 31 EDN-8 2 1 56- 60.15 2
%  HDN-8 2 15; -68 60,12 2

Aug, 7 HDN-8 2 21 46-66 52,17 2

Aug, 13 HDN-8 2 159 46-69 59,30 2

Aug, 1% EDN-8 2 151 E%—?o 80,61 2

Aug, 20 HDN-8 2 2 -69 58'%8 2

Aug, 28 -8 2 27g 48-69 57, 2

Sept. a HDN-8 2 16 46-70 57.01 2

Sept. EDN-8 2 137 53-75  63.37 2

* Stretched mesh from knot centres.
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