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Introduction

An internmational observer program was initiated on the
Scotian Shelf (Div. 4VWX) as a means of evaluating the by-catches which
occurred during the International fishery. In order to resolve by-catch
problems; in small mesh gear fisheries, the small mesh bottom trawl
fisheries requlations for Div. 4VWX were agreed at the Nineth special
meeting of ICNAF in Tanerife, Spain in December 1976. The regulations
provide for the use of small mesh bottom gear (under 130 mm codends) inside
a line as described in Fig. 1 during the period 15 April-15 November.
Midwater fishing with small mesh gear was not requlated.

As part of bilateral scientific agreements between Canada
and both Cuba and the USSR, each country agreed to provide and train
technicians in the methods of sampling. Once this group was found
proficient they were assigned to vessels within the Cuban and USSR 4VWX
silver hake fleets. It was further agreed that a proportion of the data
collected would be exchanged with the participating countries.

During the early summer of 1977, the Canadian government
entered into a Japanese initiated research program in order to study the
amount of by-catch associated with off-bottom trawl gear. This provided
an opportunity to study a directed fisherxy for squid (Tllex Zllecebrosus)
in relation to by-catch problems of different gears.

This paper emphasizes the squid fishery employing data
obtained during the 1977 chserver program,

Materials and methods

The Canadian Observer Program commenced on April 23, 1977
with a staff of 16 trained biological technicians. The distribution of
obgservers were 4 aboard USSR and 3 on Cuban vessels such that any time a
total of 7 cbservers were at sea. Canadian staff were matched by 4 Cuban
and 2 Japanese cbservers who worked in pairs with the Canadians. The 4
observers provided by the USSR worked independently except for 1 cruise
during October. The program terminated in November with a total of 47 trips
sampled from 6 Cuban, 1 Japanese and 15 Soviet vessels.

Data concerning the location, depth, time and catch composition
were collected from each set either by the cbserver, or in his abgence it was
copied from the log book. In addition to these data, each cbserver collected
at least one complete sample each day. Such samples consisted of the
following data:

(i) Set details

(ii) catch composition - including kept and discarded weights
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(iii} Length frequencies - randomly obtained and measured at 1 cm
intervals with sexed frequencies for all
species except cod (Gadus morhua) and
haddock (Melanogramms aeglefinus),

{iv) Otoliths - collected from all finfish species, being
removed from the first fish measured in each
cm length group by sex.

{v) Sexval maturity - collected from squid (Illex illecebrosus)

The areas sampled were within ICNAF Subdiv. 4Vs and Div. 4w
and 4X. The areas fished were at the discretion of the captain with no
influence by the cbserver. Most vessels were allowed to use 60 mm small
mesh bottom trawl outside the small mesh gear line. Only 3 out of the 4
ocbserved Soviet vessels were licenced to fish with small meshed bottom trawl
outside the line.

The logistics of transporting the cbservers to Cuban vessels
was for the most part dependent upen the Field Services Branch of the
Canadian Department of Fisheries and Environment. The USSR re—
presentatives coordinated the transportation of the ohservers to
vessels within their fleet. The Japanese vessel umed during the
experiments returned to port several times to unload research
personnel,

) Mesh measurements were conducted when the appropriate
ICNAF guages were available. Otherwise, data from the ship's personnel
was used.

Designation as to whether a particular set was directed
towards one particular species in preference of another was determined
either by consultation with the ships officers or based on the technicians
observations. In the latter instance, the observer would designate the
major fraction of the catch as the species for which that get was directed.

Results

Catch Distribution. The observer program collected the majority of data
from an area near the small mesh gear line in depths between 100 and 200
metres (Figs. 2 and 3). The majority of sets observed were by bottom
{73%) rather than midwater trawls (15%) (Table 1}. The remaining 12% were
by Japanese off-hottom gear. Coverage of all non-~Canadian vessels was 15%
of the vessel days fished (as reported to the Canadian government}) .

Observations for those vessels carrying Canadian biolegical
technicians were 24% of the various national catches (Tables 2 and 3).

Sampling adeqguacies have been calculated similar to those
employed by Akenhead (1976) in his studies of the ICNAF data base. Summarized
on the stock basis, the only species not adequately sampled was the Div, 4VWX
witch (Glyptocephalus cynogloesus) stock. This is understandable since only
958 kg of witch flounder was recorded by the cbservers.

In order to study the catch composition it was necessary to
investigate the spatial distribution of the observed vessels not only from a
gear aspect but also their effort in relation to stock distributions. a
series of maps depicting catch per unit of effort (cpue = kg/hr} were plotted
on 10' x 10' grid maps {Waldron, 1977). fThese were compared to those maps
prepared by Scott (1976a, 1976b) from summer research vessel cruises. Bottom
trawl silver hake cpue for all countries was found to be on the average
highest in the Sambro Banks area with the largest concentrations of effort
along the small mesh gear line during the obhserver program (Fig. 4). This
is in agreement with those results reported by Scott (1976a).

Midwater trawl cpue for silver hake combined for all countries

was much lower than that of the bottom gear and were predominantly
concentrated inside the small mesh gear line (Fig. 5).
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The cpue maps for squid (Illex) indicated wide catch
distributions for this species when both gears were employed (Figs. 6 and 7).
Scott (1976b) described a relatively homogenous cpue for the Scotian Shelf
area with notably high concentrations between 100 and 200 metres,

Observations for squid caught by midwater trawls showed this
gear type produced larger cpue as compared to bottom trawls (Fig. 7}.

The cpue distribution maps for the remainder of commercially
valuable species emulate those reported for silver hake and I Llezx. The
overall percentage composition of these species constitutes 4% of the total
observed catch for bottom trawl. Midwater trawls produce a catch lower in
by-catch (1%) regardless of which species was directed.

Silver hake distributions. A seasonal tre. 1 was noted for the silver hake
fishery. Observations for the USSR show the highest cpue using both bottom
and midwater trawls occurred in July. Both the Emerald Basin and southwestern
Sable Island Bank areas had the highest cpue.

The Cuban fishery produced larger silver hake cpue during June
for both midwater and bottom gears. The majority of sets occurred along the
small mesh gear line for the period April to July while during Auqust, effort
was diverted to the Emerald Basin area. For the month of June, observed
cpue peaked with the highest rates occurring in an area inside the small mesh
line.

. The Japanese catches of silver hake represent a by-catch
of their squid fishery. Observer data was collected during a Canada-Japan
gear efficiency study (Waldron 1977a). Monthly variation in effort is
dependant upon the experimental design and is not indicative of a typical
"search and capture" fishing operation.

Squid (Illex) distributions. ‘The midwater trawl fishery for the USSR produced
predominantly higher catch rates distributed inside the small mesh gear line
(Fig. 8). The catches of squid observed for the bottom trawl fishery cccurred
along the southwestern part of the Sable Island Bank and Emerald Bank (Fig. 9).
The midwater cpue of aquid was highest in June while those of the bottom trawl
peaked in July. The majority of squid (Fllex) catches occurred between 100
and 200 metres.

The Cuban midwater trawl fishery for squid was observed for
the months of June through August with the fishing intensity concentrated
along the small mesh gear line (Flg. 10). High cpue for Illex occurred in all
months sampled. Cuban cpue for squid (Tllex) employing bottom trawl increased
from April to June where it remained relatively high until mid-August when
the fleet moved out of the area. Earlier in the season, the effort was
concentrated along the small mesh gear line when, during Bugust, a portion of
the effort was diverted to the Emerald Basin area.

The Japanese fishery, as previously stated was fundamentally
a research cruise. However, the first phase of the experiment may be
regarded similar to the rest of the observer program since the vessels
fishing activity was at the discretion of the captain, There were only 2
types of gear used, off-bottom chain and bobbin types. The majority of
the effort was expended inside the small mesh gear line in waters
between 100 and 300 metres (Fig. 11)

The by-catch recorded during what would be described as a
predominately squid fishery was lower for the chain type as opposed to both
the bobbin and bottom gears.

Catch compositions. Catch compositions for each country, gear and ICNAF
Division were analyzed to distinguish the affects of gear and area. During
the observer program the Canadian technicians were designating which species
was directed. An analysis using these criteria was done. Tt indicated

the problems in using such broad descriptions of fishing activities as being
directed when countries are licenced to fish more than one species.
Throughout the analysis ore point became evident and that was the midwater
fishery is predominately squid while the bottom fishery is mainly silver
hake. Tt was further noted that the midwater fishery caught fewer of the
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by-catch species than the bottom fishery. The midwater fishery has a by-catch
(excluding both squid and silver hake) of 2.84%, while under the same
circumstances the bottom fishery had a by-catch of 4.18% by weight.

In order to surmount the problem in terminology the catch
composition was divided into percentile frequency groups. The data was
extracted from the species compositions cbserved during each set where
silver hake was present. The percentages of both silver hake and squid
(Iilex} for each percentile class was calculated as a percent of the total
catch for that group. These figures were then plotted for both midwater and
bottom trawls (Figs. 12 and 13).

The fact that neither curve meets at exactly 50% composition
is explained by the presence of other species in the catch. The curve for
the midwater gear shows the effects of the low by-catches since it crosses
slightly below 50%. The bottom trawl produces a curve which crosses much
below 50% reflecting the large amount of by-catch associated with the bottom
trawl fishery. The inflection in the curve of squid at 0%, silver hake is
caused by the extremely high catches of haddock (4.4} and mackerel (35mt).

The results of the analysis are presented in Tables 4 and 5.
The rows for silver hake and squid represent the catches as summarized
from the percent composition of either silver hake or squid in each set. The
resultant tables can be assumed to represent the catch and assocaited by-
catches when either silver hake or squid are the main species caught.

The ability to direct a fishery towards either silver
hake or équid would appear to be pessible when data is summarized for
those gears which were observed to report zero catches of squid and S. hake
(Tables 6&7). Again, the squid fishery was observed to be predominately
a midwater tishery while conversely, the silver hake fishery would be
described as a bottom fishery.

The Japanese experiment using the bottom, off-bottom bobbin
and off-bottom chain gear types was directed rather successfully for squid
with resultant low by-catches when either off-bottom gear was used
(Waldron et al, 1977, Waldron and Gray 1978).

The fishery in 4VWX was investigated for trends through
time. At the time of writing it was not possible to study the affects of time and
gear. As stated previously 79% of all sets recorded for the Soviet Union
and 87% for Cuba were bottom trawls. This leaves room for frequent changes
of gear which could create some, but not all of the fluctuations evident
in Figs. 14 and 15. Regardiess of the gear affects, it is evident that in
the majority of cases both species can be persued independantly.

DISCUSSION

The International Observer program has allowed scientists
from all participating countries to more fully understand the complexities
of the offshore fisheries. 2Zilanov (1976) describes the by-catch composition
in a Soviet directed silver hake fishery as not over 4% for bottom gears.
The main by-catch species were herring, mackerel and argentine. There is
no mention of squid which indicates that during the course of the research,
1970-76 ysquid were not available to the bottom trawl fishery. Both Canadian
research data and ICNAF Statistical Bulletins report catches of squid for the USSR
since 1975 which would further indicate that it is possible to conduct a
directed silver hake fishery.

The exclusion of squid catches in the 1977 cbserved USSR
silver hake fishery yields a by-catch of 4%. However, regarding squid as
a by-catch of the silver hake fishery increases this by-catch to 10%.
Therefore, in the establishment of any quota for squid the amount removed
in the silver hake fishery must be taken into consideration.

The spatial and temporal distributions of squid and silver
hake indicates that both could be selectively fished. The Cuban silver hake
cpue peaked in June while the actual catch decreased. The squid fishery
depicts two catch peaks in June and the other in July (Fig. 15). The cpue
does not follow any trend for the season using midwater trawls while it
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increased when bottom gear was employed. These facts are difficult to
interpret at this time without further analysis. One explaination could be
that a great deal of time might have been spent in searching activities.
Cuba set fewer times per day than the USSR which could account for the fact
that the Cuban fishery does not follow the typical activity of the Soviet

Union (Table 8). A further explaination was that more effort was
directed to the squid fishery.

The fact that the midwater fishery is almost exclusively
a squid fishery while the bottom trawl fishery is silver hake indicates
that for both Cqba and USSR the fisheries can be selective.

Tables were constructed on the basis of sets where either
squid or silver hake were the main species caught. For a silver hake
fishery employing midwater trawls as opposed *o bottom trawls the ratio
of squid to silver hake increases 50% (.121 to .245) (Table 9). When
squid is the main species caught, the largest percentage of silver hake is
removed in the bottom trawl fishery (Table 10).

The most apparent ohservation to be made from these tables
is that the by~catches produced by midwater trawls are convincingly lower
than those associated in bottom trawl fisheries. From the Canada-Japanese
experiments using 3 different gear types it became evident that the further
from the ocean floor the gear fished the lower the amount of by-catch
(Wwaldron et al., 1977).

. The silver hake fishery is the largest foreign fishery in
4VWX at the present moment. Based upon the 1978 quotas and employing the
data on catch ratios it is evident that if Cuba was allotted in 1978 the
same 1977 squid quota of 3,000 tons, that 83% would be taken in a silver
hake fishery (Table 11). The USSR appears to be more selective towards
silver hake than the Cubans in that only 22% of the squid allocation (15,000
ton) would be removed in a silver hake fishery.

SUMMARY

The Observer Program demonstrates that the international
fishery in 4VWX can be divided by gear and main species caught. The bottom
trawl fishery is primarily for silver hake while the midwater trawl fishery
is predominately squid.

The highest by-catches occur in the silver hake bottom trawl
fishery while the by-catch is much lower in the squid midwater trawl fishery.
The fishery producing the lowest degree of by-catch is the Japanese off-
bottom chain trawls.

Weekly fluctuations in percentage composition indicates that
squid and silver hake are being fished, at certain times, exclusive of
each other. This coupled with data presented by studying percentile classes
and the previous Canada-Japan experiment indicates that it would be possible
to selectively fish for squid.

Ratios of by-catch to both squid and silver hake provide a
quick method to access the affects of new quotas on each species.
Examination of the assigned silver hake quotas for Cuba and Japan clearly
show that Cuba would catch most of 1977 squid quota in a silver hake
fishery.
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Table 1. Number of observed sets during the 1977 Scotian Shelf Fishery.

Cubxa Japan USSR

Gear No. Scts No., Sets No. Sets Total
Bottom - 495 7 41 559 - 1095
Midwater 72 . 0 151 223
Bobhin 0 80O 0 80
Chain -~ 0 106 0 106
Total 567 227 710 1504
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Table 3. Percentage! of total catch by weight observed for each country for 1977,
SPECIES CUBA JAPAN USSR
S. Hake 48.0 100+ 6.4
Squid (I'llez) 36.6 20.0 8.8
Argentine 6.4 0.4 2.0
Cod 27.5 20.0 9.4
Haddock 46.4 1002 49.3
Pollack 25.7 1002 3.7
Am. Plaice - - 6.4
Yellowtail - - 1002
Redfish 1002 s 3.7
Flatfish 37.4 100+ 1002
{Unspecified)
Total Coverage 42.0 13.0 7.0

1 Percentages were calculated by dividing the observed catch by the catch

as teported in the Canadian Flash System.

2 Denotes species where Canadian blological technicians observed more than

what was reported.

Table 4.
Observer Program.

Combined catch composition of directed fisheries using bottom trawls during the 1977
All catches are summed for each country and are expressed in Kg.

MAIN SPECLES HABBOCK SILVERHAKE SGVI0  ARGEWTINE AM.PLAICE YELLONTAIL  COB REDF L8N POLLACK  NACREREL  WITCH  OTHER
SILVERWAKE  1eg12. zdoeS72. 325418, 13887 e, 82, 10268, 19548, . 5500, 11054, a3, 37519,
sauio 9970, 129289,  J1T4808. 1387, 1463, 3253, [TITH [TTH 1280, 19805, 92, a2t
$1LVERRAKE -S0US S as. 26445, 26445, 0. 1. 3t. 230, 10. 1a. ase. 3. 2s.
No SPECIES
DIRECTED 1908, 0. 0. [ s2. 578 S8, 5. 249, 18401, [ 23,
ToTaL
CATCH 26712, 2050126, 1526009, 157, A241. 54k, 17728, 2047, LT 49840 ™. 40055,
Table 5. Combined catch composition of directed fisheries using midwater trawls during 1977
Obaserver Program. All catches are summed for each country and are expressed in Kg.
MATN SPECTES HADDOLK SILVERHARE SQUID  ARCENTINE AM.PLAICE TELLOWTAIL  COP REOFLSH  POLLOCK  MACKEREL wiTeH OTHER
SILVERMAKE 0, 22093, _zonr. [ 7. (] [ @, ¢, [L1 2 a. &00.
.
s0v1D 174, I825Y. 1445320, 0 0. 0. FH . 0 330, 1. 6126,
Ervmmary-somn g, 2660, 2400, 0. 0. 0 0 'R 0 o 0. 0.
N8 SPECIES
DIRECTED 0. 0. [ 0, 0. o, 0 0. [ 0. 0. o,
TOTAL
cATeH 174, (93260,  l4esoos. 0 1. 9. 2 0. 9 ik, 1. 6726,
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Table 6. Percentage of Observed Sets which reported no squid catches
during the 1977 4VWX Observer Program
Gear Cuba Japan USSR Total
Bottom 16 0 36 25
Midwater 0 - 0 v}
Bobbin - Q - 0
Chain - ¢} - 0
Table 7. Percentage of Observed sets which reported no Silver Hake
catches during the 1977 4VWX program.
Gear Cuba Japan USSR Total
Bottom 9 2 3 6
Midwater 65 - 66 65
Bobbin - 5 - 5
Chain - 49 - 49
Table 8. Relationship between number sets, hours and days observed
during the 1977 4VMX fishery regardless of gear type.
Country  Total Total Total No. Ko. #
No. No. No. Hrs./ Hrs/ Sets
Fishing Sets Days Set Day Per
Hrs. Fished Day
Cuba 1573 556 240 2.83 6.6 2.3
Japan 319 225 54 1.42 5.9 4.2
USSR 2021 695 217 2.9 9.3 3.2
Total 3913 1477 511 2.7 7.7 2.9
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Distribution of USSR squid (Illex) C/E (kg/hr) for bottom trawl

from June-September, 1977.
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June-August, 1977.
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