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Introduction

Selection experiments to design "savings gear" were begun nearly a
century ago (Fulton, 1893). Many original studies were attempts to design
nets to reduce the destruction of immature fish and although some of these
were effective modifications (Ridderstad, 1915; Pettersson, 1925; Buchanan-

Wallaston, 1929) they were generally too cumbersome for commercial use

because of their rigid frames. Cassie (1955) pointed out that "it is now

generally agreed that an ordinary trawl with no further modifications than
an increesed mesh size in the codend can act as an effective savings
gear." TFor this reason the current studies concentrated on comparing the
selection characteristic of various mesh sizes of kapron¥* codends. (Some
commonly used expressions are defined in Appendix II.)

Selection studies are important for two reasons. First and foremost
they can be used as management tools to reduce the destruction of undersized
fish. Secondly} such studies allow biolegists, who can rarely study a fish
population directly, to use catch statistics more accurately to evaluate
actual population numbers; this should lead to more accurste assesscmenk
techniques and a better urderstanding of the population dynamics of a
species,

Studies of the life history of silver hake (Merluceius bilinearis)

show that it grows rapidly during the firsL year of life (Hunt, MS 197T;

* Kapron is a polyamide synthetic material used extensively in the Soviet
and Cubaen fishing fleets,
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Anon., MS 1976a). Spawning occurs between April/May and October/November
with the peak occurring in June/July (Sauskan, MS 1964; Sarnitts and
Bausksn, M5 1966). The larvae hatch from pelagic eggs and do not move to
the Dottom until they are approximately 4 em in length (Nichy, MS 1967).
Approximetely 10% of the male population is mature in the first year (20 cm)
and 98% in the second year while the females are 3% and 80% mature in their
first and second years respectively {Doubleday and Halliday, 1976).

During the period March to October a large silver hake fishery,
mede up primarily of Soviet stern trawlers {1800+ toms}, fishes the Scotian
Shelf in the Northwest Atlantic. 1In the last few years other countries,
most notably Cuba, have also entered the commercial hake fishery. 1In
addition to this, some exploratory fishing by Canadian companies has been
carried out. Historieally, the Soviet fishing fleet used 40 mm mesh codends
often with 40 mm liners (Ancn., MS 19T6c). The modal length of the com~
mercial catch of silver hake, according to Boviet statistics taken from the
ICNAF sampling Yearbooks, is 28 to 30 em (ICNAF, 1962-1972). This modal
length group represents fish of approximately 2 to 3 years of age. The
small mesh nets and Iiners (40 mm) used prior to 1977 would have retained
most fish over 15 cm (1+ years). Because the mumbers of 2 and 3 year olds
in the catch are grester than the numbers of 1 year olds (Doubleday and Hunt,
M8 1977) there must be some selection in the fishery as a result of

avallabllity of juveniles.

Legislation agreed upon in December 1976 (Anon, MS 1976b) was a
conservation memsure to limit fishing inside (on the Shelf} the line shown
in Fig. 1, to midwater trawls of a minimum of 60 mm mesh and to bottom
trawls of a minimum of 130 mm mesh. The aims of the regulation were to
increase the maximm sustainable yield of the silver hake fishery, and, if
possible, reduce any undesirable bycatch of juveniles of other commercially
important species. The regulation was based upon selectivity data from
ICHAF Subarea 5 (Halliday, personal communication) where materials used in
the codends differed from those currently used in Subarea L., The purpose
of the two jJoint mesh selecticn studies undertaken in 1977 between Canada
and Cuba, and Caneda and the USSR, was to quantify the effects of this new

legislation upon the fishery.
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CC - Canada - Cuba
CU - Canodo - US55R

15 Km

g ) 4 N " ) et
56° 44° 87 80°
Fig. 1. Map showing the "small mesh gear line” andthe approximate

locations of the joint Canada-Cuba and Canada-USSHR mash
selection studies in 1977,

Methods

A summary of the vessels and gears used is presented in Tables 1
and 2. Table 3 gives a comparison of the theoretical (commercial)} mesh
size and the average measured mesh sizes for both the cover and codends
used in the studies. Throughout this report the measurements used in the
text will be the commercial size measurements, Figure 1 indicates the
locations of the two study areas in relation to the legislated small mesh
gear line.

On the Soviet vessel, R/V Fo¥ton, the toupside cover was fitted to
the codend in a manner similar to ICES specifications (ICES, 196h). The
general construction and dimensions of this gear are shown in Fig. 2. On
the Cuban vessel, R/V Isla de la Juventud, exact detalls of the abttachment
of the cover are not available in the cruise reports (Anon, 1977; Hare,
1977) althouth Hare {pers. comm.) has recalled the cover was attached close
to the codend. This problem of cover attachment mey have affected the
selectivity (see below).

The sizes of the codend meshes were measured with an ICNATF gauge
at 4 kg pressure. During the Canada-USSR study three series of measurements
were taken on 10 random meshes for each mesh size. During the Canada-Cuba
study fewer measurements were taken, All of these data are presented in

Table 3.
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Fig. 2. Schematic disgram and dimensions of the topside covered
codend used by the USSA R/V Foton during the joint
Canada-USSR mesh selection study in 1977.

TABLE 1. Research vessel specifications for mesh selection studies.

Technical Data - RV Tsla de Ia Juventud {Cuba)

Length over all: T0.3 m
Beam: 12.%m
Displacement: HNet 1556 tons
Gross 2200 tons
Power: 2400 hp
Speed: 1k.5 knots
Type of Ship: Stern Trawler/Freezer

Technical Data — RV Foton (USSH)

Length over all: 5h.6m

Beam:

Displacement: Net 660 tons
Gross 987 tons

Power: 800 hp

Speed: 10 knots

Type of Ship: . Side Trawler
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Gear Specification for the bottom trawl nets

RV Foton (Fishing Licence #21L-197).

used on the USSR

TABLE 2. Gear specification for the bottom trawl nets used on the Cuban
RY fsia de la Juventud
1 N 3
Type of Trawl Spanish bottom trawl - PR
Foot Rope Length 5T.9m .- P
Head Rope Length k1.6 m . cee
Head Rope Height &m v e
Wing Spread unknown .. ‘e
Length of Briiles 113 m e i
Type of Doors oval e e
Door Weight 1500 kg “e .
Door Area . 5.5 m . .
Mesh Size {Wings) 204 mm e e
Mesh Size (Body) - square 200 mm - e
middle 150 mm . .
end 123 mm e .
Mesh Size (Codend) dry Lo,1 66.1 90.0
wet, Lo, 66.1 30.0
Liner in Codend yes (covering the co end knot) v
Cover on Codend yes . .
Mesh Size {Cover) dry 20 mm e PN
wet 20.1 mm - ‘e
Chaling Gear Fitted yes Pen ..
Rollers on Foot Rope no .. o
Codend Material kapron e an
Codend Twine unknown cas fes
Cover Material kapron Ces P
Cover Twine unknown .e ...

1

Type of Trawl

Foot Rupe Length
Head Rope Length
Head Rope Height
Wing Spread

Length of Bridles
Type of Doors

Door Weight

Door Dimension

Mesh Size (Wings)
Mesh Size {Body)
Mesh Size (Codend)
Liner in Codend
Cover on Codend
Mesh Size (Cover)
Chafing Gear Fitted
Bollers on Foot Rope
Codend Materisl
Codend Twine

Cover Materiami

Cover Twine

Bottom trawl
31.4
28.¢

5.0
11.0m
50.0m

8 8 4

oval steel
650 kg
(2.75x1.80) m
200 mm
160 mm

39.6 mm
no
yes

345
no
yes¥*
kepron
93.5 tex x 18
kapron

93.5 tex x 12

70.8 mm 1241 mm

* Rellers were 145 mm diameter steel weights connected

a heavy rope.

foet rope.

+  Assumed although not checked.

The entire apparatus was connected by

through the centre to

18 cm cheins to the
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TABLE 3. Results of measurements of codend und cover mesh sizes ol kapron

codends from the RV Isla de la Juventud.

'Size'# mm 50 60 90 20
Dry k0.1 66,1, 50.0 20.0
Wet 4o.1 66.1 30.0 20.1
66.2 90.2
66.1 90.2
66,1 90.2
Mean Dry Lo.1 66.1 90.0
Mean Wet 40.1 66.1 90.2

* Commercially rated size (used throughout the study to denote the different
gear types).

T Cover.

Results of measurements of codend angd cover mesh sizes of kapron codends from the RV Foton.

Set Number 2 T 8 13 29 50 59 71 9f 103 Before Fishing
'Size'* {mm) Lo 60 3ot 70 120 120 60 70 70 60 ] 60 70 120 a
Mezsurements (wet) {wet) {wet) (wet} {wet} {wet} {wet) {wet) {wet ) (wet) {dry) ({dry) (dry) ({dry) (dry)

1 Lo 59 3k T2 127 12k 59 69 59 61 33 58 67 33

2 38 60 33 72 128 126 63 70 68 59 30 55 65 31

3 L1 61 37 70 216 120 G2 o8 ie 59 33 56 70 33

4 Lo 60 3L 70 128 121 GG 8 i1 £0 g ST &l I

5 39 () 34 70 125 120 60 a7 72 56 34 56 65 33

6 39 59 35 72 127 120 58 o 69 60 33 56 48 30

T 39 59 32 71 127 120 61 72 70 60 36 57 £l 23

3 37 7 35 71 123 126 59 70 71 52 3L 54 €7 3t

g9 ] 61 36 T0 125 122 60 &8 &7 59 3L 37 £l 34

10 18] 60 35 70 129 120 59 13 70 61 33 58 63 33

Mean 39.6 59.6 3h.5 T0.8  126.5 121.8 60.1 8.8 62,6 59.7 33.4 56,4 65,8 i 3z.6
£ 3.D. 1.5 1.2 1.4 *0.9  *1.8 2. 1.5 +1.8 +1.7 #1.6 1.5 1.3 2.1 *i.3

* Commercially rated size (used throughout study to denote different. pear types).

T Cover.
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All lengths taken during both the Canada-Cuba study and the Canada-
USSR study were total lengths measured to the closest 1 cm. All weights
are expressed in kilograms to the nearest 0.1 kg. The data collected
during these series of covered codend mesh selection trials were analyzed
according to Pope et al. {1964}. More recent reviews of analysis of
selection data by Pope et al. (1975} and Holden (1971} have also been
consulted. The above reports conciude that fitting the selection ogive by
the maximum likelihood method is the most accurate method of deriving the
curve. The tedious calculations associsted with this method are not often
warranted, and it has been found that fitting the curve by eye gives unbiased
estimates {Pope et al., 1975) which are very close (often within 1%) to
that obtained by the maximum likelihood method (Holden, ibid.}. Another
problem with using the maximum likelihood method is that the "entire curve"
must be fit (Pope et al., 7bid.) end in the case of the Canada-Cuba data
where this was not peossible (Mari, pers. comm.) biased results can be
achieved (Mari, MS 1978). The 50% retention level was calculated for this
study by a moving average of 3 points and compared to the curve fitted by
eye. Although this gives unbiased estimates of the 50% point, it should
not be used for other poirnts (Pope et al., 196L). As a check of technique,
the 50% retention point wes also found by & linear regression (by the
method of least squares) carried ocut on data between the 24% and 7%%
retention levels.

In order to obtain a "commercial average" Lhe satisfactury® hauls
from one area and one codend mesh size were combined to produce a single
selection ogive. To estimate the variability of the data, the 50% retention
point of each satisfactory haul was calculated and the mean and standard
deviation of these hauls were calculated {ICES, 196k}.

To act as a check on the calculated selection factor, a series of
93 length-girth measurements were taken. These were collected from a
stratified sample of fish between the lengths of 15 and 5T em. The uncon-
stricted maximum girth was measured by a loop of synthetic twine.

The areas of study for the Canada-Cubs survey were determined by a

searching progrem which attempted to find commercial sized silver hake

* In this case a satisfactory haul is one Lhat was completed according

to plan and did not have a tear-up.
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concentrations. In this study the percent of the catch make-up of silver
hake ranged from 9% in the first two parts of the study to 67% in the third
part (only 15 complete covered codend tows were made). In order to avoid
the problem of extensive searching and enable more fishing time f0£ the
Canada-USER study, the author chose three likely areas of silver hake
concentraticons in waters of less than 150 m depth. It was agreed fishing
would continue at each location, whatever the species make-up, in order to
provide &s large a number of individual hauls as possible. The percent
meke-up of silver hake using this method ranged from over 50% to 30% (103
covered codend tows were made). Soviet scientists wished to carry out a
feeding survey on Sable Island Bank and thus one additional area was
studied. Although the percentage of hake was very low (9%), the number of

tows and thus time was very low.

Results and Discussion

The major purpose of these two cruises was to obtaln selectivity
data on bthe silver hake. ‘''herefore, lenglh and girth measurements woere
collected from a stratified sample of fish between the lengths 15 and
5T em. The resulting relationship (Fig. 3) was:

Girth (em) = 0.48 (TLem) - 1.95, {(r? = 0.97, n = 93)
where TL 1s the totel length in em. This is nearly identical to the one
calculated by Hennemuth (MS 196L4) for silver hake in ICNAF Subares 5.
Margetts {195k and 1957) showed how girth measurements can provide a pre-
liminary estimate of selectivity and a means of validating the selectivity

results found in such studies.

Canada-Cuba study

The fitted selection ogives for the three studied mesh sizes indicate
50% retention points of 17.5, 21.6, and 26.0 em for mesh sizes of 4g, 60,
and 90 mm respectively (Fig. L, Table 4). Figure 5 shows the length fre-
quency of the peopulation sampled and the locaticn of the 50% retention

pelnt.
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Girth (cm)

Total tength (cm)

Fig. 3. Total length-girth relationship for silver hake in ICNAF Div. 4W in
October 1977. Girth (em) = 0.48(TLem) - 1,99, (r? = 0,97, n = 93).

Due to an acute lack of data from Lhis study, no attempt was made
to calculate variations in the date or any cffect on the 50% retention
point caused by different sizes of catch. Although both cruise reports
calculated a masking effect of the cover, the author Ffelt the data inade-
quate to attempt any such estimate {only 15 usable covered codend tows for
3-gear types). Pope et al. (1975) reported that between haul variation was

normally very lerge and it was thus advisable to make as many hauls as

possible in the experimental area. [n a detailed study of such variation,
Gulland (1964) found the variation mainly due to "a real dilFerence between
sets of hauils,"” caused either by the fish (e.g, feeding) or by the gear

{e.g. towing speed).
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Fig. 4. Selection ogivea for silver hake from ICNAF Div. 4W in the fall of 1977.
The sample size has the number of fish in the codend shown in brackets.
The arrow on the X-axis indicates the 50% retention point. Data from
Canada-Cuba study, August 1977.
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TABLE 4. The selection factor, selection range and 50% retention point for

kapron ccdends for silver hahke [rom Lhe Deotian Shelfl,

Mesh Size* 50% Retention Gelection Range Selection Factor
(mm) Point (mm) (25-75%)
ce bo 1757 177 6.3 em bk
60 CR 225" 2pg 13.2 cm 1.8
¢C 66 a6t 216 1.7 em 3.6
70 CR z05F 219 15.L em 2.9
cc 90 2607 259 1.9 em 2.9
120 CR b1t boz 17.9 em 3.

¥ CC = Canada-Cubs study; CR = Canada-USSR study.

NOTE: 50% retention peint or 50% escapement point calculated by eye ()
and by moving average of three points. The 50% retention points were
also calculated by linear regression for the Canada-USSR study and
they were found tc be cleoser to the results of the curve fitted by
eye than the values found by the moving average method (60 mm net =

224 mm; 70 mm net = 200 mm; 120 mm net = L1T mm). '

The mean selection factor found in this experiment was 3.6, this is
between the 3.1 average recorded by Clarke (1963a) and the 4.1 obtained by
Gulland (1956) for past studies on hakes using codends made of cottion,
manila, and nylon. The selection range generally tends to increase as the
mesh size increases (Clarke, MS 195h; Jensen and Hennemuth, 1966). In this
study the reverse was found te hold, i.e. the selection range decreased as
mesh size increased. Clay (1977) suggested In an earlier analysis of this
topic that this could be due to variation in netting materiail. Boerema
(1956) has shown differences in selection between various materials and
kapron is known to have an elongation faclor almost 50% greater than nylon
(Holden, 1971). More recent information on the current study has indicated
some possible problems with the attachmenl. of the cover. If the cover was
toc closely attached it is conceivable that the escape of large fish (i.e.
fish at or over the 50% retention length) would be inhibited. 'This would
depress the 50% retention point and such an effect would become progressively

greater as the mesh size and thus the size of escaping fish increases.
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Species —SILVER HAKE
Codend — 40 mm

Sample size—~ 43125
e 2232
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« No cover

50%
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>
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[+ 1
o
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0
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Length {cm}

Fig. 5. Length frequency of the catch during the Canada-~Cuba study
for the covered and uncovered tows. The vertical lines

indicate the 50% retention point and the selection range
of the selection ogives (Fig. 4).

Figure 6 shows a plot of both the length of fish at the 50% r;:tention
point, and the length of fish whose girth equals the circumference of the
mesh size, against the stretched mesh size. For most fish this latter plot
{i.e. girth) can be taken as a crude approximation of the 50% point. This
figure indicates that the 50% retention points found for the 60 mm and

eapeclally bhe 90 rm codends during tlee Conlo-Unbn chidy wemdepromied by
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some factor. Therefore the most probable factor depressing the 50% retention
point and the selection range was the incorrect attaclment of the cover to

the codend.

&

(em) at 50% retention

Y
(=)
T

Total Jength

20+

e

-‘f‘. AL 1 ' 1 1 1 1 1 1 L 1

3 4 5 10 15
Stretched codend mesh size (cm)

Fig. 6. The 50% retention point and the length at which the girth equals
the circumference of the mesh plotted against the mesh size. The
solid line represents the girth relationship while the broken line
represents the 50% retention points for the Canada—Cuba mesh
selection study. The dotted line represents the Canada-USSR 50%
retention points.

Canada-USSR study

During the Canada-USSR study, greater amounts of data were ccllected
than on the earlier Canada-{uba cruise, and these data should provide more
realistic commercial averages for mesh selectlon estimates, The first
analysis on these data was to find the 50% retentlon point, selection
range, and selecticn factor for each mesh size (Teble L). The mean selection
factor of 3.3 is within the historical beunds for hake (Gulland, 1556;
Clarke, 1963). The selection ogives (Fig. 7] give 50% retention points of
22.6, 21.0, and 41.0 cm for 60, 70, and 120 mm respectively. Figure 8
shows the length frequency of the sampled pcpulations and the location of
the 50% retention point. Appendix I gives numerical selection cgives for

the hake (expressed as percentage retention for total length) and the 1977
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Selection ogives for silver hake from ICNAF Div. 4W in the
fall of 1977. The arrow on the X-axis indicates the 50%
retention point. Data from Canada-USSR study October/
November 1977.
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selection at age values. Three methods were used to calculate the selection
at age (Appendix I} and some differences were found. It is felt that the
method of 'fishing' a population at each lergth intervel and summing the
results is the best technique.

As mentioned earlier, historical selection experiments (Clarke, M3
1954 and 1963; Gulland, 1956; Bohl et al., 1971) have tended to find an
inereasing selection range with greater codend mesh size. This was not

found for the Canada-Cuba study but was observed for the Canada-USSE data

& Covered

{(Table 4).
25 50 75%
25 T
: Species —SILVER HAKE
< Codend — 60 mm
= Sample size — 19406
]
a
o
a
E)
2
o
o~ ACovered
™
25 50 75%
25 - : o
Species—SILVER HAKE
. Codend — 70 mm
= Sample size — 2169
[=]
E
[«%
o
o
8
o
—
3 aCovered
50 75%
i :
|
! Species—SILVER HAKE
s [ Codend — 120 mm
5 | Sample size — 16544
_: 1
o i
& :
1
5 )
a-— 1
= |
)
i
& !
i

0 1G 20 30 40 50 60 7O
Length {cm)

Fig. 8. Length frequency of the catch during the Canada-USSE
study with covered codends. The vertical lines indicate
the 50% retention point and the selection range of the
selection ogives (Fig. 7).
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Where reliable dats were collected, the seleetion factor has been

plotted sgainst the weight of the total eatch of individual 60 mm and 70 mm

hauls. Individual 50% retention lengths and selection factors are shown in
Table 5 and the plot of catch weight and seliecticon factor in Fig., 9. The
scatter on this plot is very wide and has a slight positive correlaticn.
This is not as expected because such species as haddock, cod (Beverton,
196, Clarke, 1963b; Hodder and May, 1964) and the cape hake {Bonl et al.,
1671) show much better correlations that are ull negative. The variation
(scatter) although great is comparable to that found by Bohl ez al. (ibid.)
although his range of catch size was much greater than that found in this
study. The effect of an inerease in the weight of the catch on the
selection factor of the Cape hake {Bohl et al., ibid.) was a decrease of
0.18 per metric tonne. In the present study the selection factor increased
by over 10 per metric tonne increase in the catch. The decrease in
selection factor for other species is reperted to range from 0.05 per metrie
tonne in the haddock to 0.3 for a change in catch from 10 to 15 kg in the
dab and plaice {Bohl, 196L). There is no simple explanation for the above
diserepancy, although probable reasons for this ancmaly are the small range
in size of cateh due tc the small research trawl used in the study and the
large variation in the data. As the increase in selection factor with
ipcrease in size of catch is not feasible, no attempt was made to extra-

polate to commercial sized catches.

2000F

1500

1900

Weight of Codend Cateh .(kg)
T

s00L,

&

0-||-a|||||||||x||l|114|

25 30 a5 40 4.5
Selection  Factor

Flg. 9. The selection factor of individual tows with the 60 mm codends (broken line,
circles) y = 164.76x + 72.53, (r? = .30, n = 15), and 70 mm codends (solid
line, triangles) vy = B18.3Bx - 2012.44 {(r? = .3, n = 16) against the weight
of the codend catch. One point over 2000 kg is omitted from the plot. Data
from Table 5.
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TABLE 5. The 50% retention length {cm) and selection factor for sets where

codend mesh size was 60 or 70 mm and data from catch were adequate

to provide a unique result.

Set Number Codend Catch Mesh Size
(ke) 60 mm 70 mm
50% retention length/selection Tactor
5 1839 20.16/3.L
8 762 13.62/3.3
9 872 20.27/3.4
10 1047 28.k3/h.1
11 1610 29.93/4.1
13 1833 30.31/4.3
23 3083 27.26/3.9
2L 329 18.26/2.6
26 2L g 18.k2/3.1
27 93 21.75/3.6
32 200 18.51/3.1
3L 805 23.57/3.9
37 590 19.73/3.3
38 306 22.85/3.8
Lo 394 1h.g5/2.1
43 215 22.18/3.2
Lk 183 23.47/3.4
hs a2kl 21.61/3.1
L7 623 21.77/3.1
LB 580 21.94/3.1
86 L1 25.76/4.3
B9 Log 23.84/4,0
90 1161 25.55/k.3
91 1577 26.04/L.3
93 57k 22.59/3.2
9L 569 24.33/3.5
95 305 23.40/3.3
96 36k 25,61/3.7
a7 605 25.10/3.6
98 533 24.75/3.5
101 k19 27.07/4.5
102 761 27.70/4.6
mean S50% retention length 22.72 +3.190 23.82 +3.82
mean selection factor 3.79 +D.52 3.40 *0.55

General

An initial overview of the selection factor for silver hake from

the current studies would indicate that selectlon of silver hake is dif-

ferent from the European or Cape hakes.

However, two problems that may

alter such as assumption invelved the type of cover material and cover mesh

slze. ICHS (1964) suggested that the cover materiel should be made of &

buoyunt meterial such ne pulyethylene (e.g. tvourlene).

studies under investigation, nonfloating kapron covers were used.

In both of the

ICES

(ihid.,) also recommended the cover mesh be ne smaller than cne-third to
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cne=half of the codend mesh size. As the Canada-Cuba study used 20 mm mesh
covers and the Canada-USSR study used 30 mm mesh covers through all phases
of the investigations, the 90 mm and 120 mm mesh nets of the two studies
will have definite masking effects, perhaps serious ones. Masking is an
effect described by Davis (1934) as an '"elusive factor” of the "flow"
effect of the cover. Masking tends to reduce the flow of water through the
meshes and thus reduces the 50% retention peoint which results in a decrease
in the selection factor. The selection factor in both studies (Table k)
decreases as the codend mesh size increases (e.g. 4.k to 2.9 and 3.8 to
3.4). Thus if we take the selection factor of the codend with the least
effect of masking by the cover (i.e. 40 mm mesh net for the Canada-Cuba
study, and 60 mm mesh net for the Canada-USSR study) the mean selection
factor is 4.1, a value that allows us to consider the possibility that
gilver hake will have essentially the same selection characteristics as the
European and Cape hskes. Such an assumption is further borne out by the
length-girth relationships for the three hakes (Table 6). It can be seen
from this table that the general shape (fatness) of these fish is very
similar (less than 5% difference) and is prcbably the same within the
bounds of variaticn caused by feeding and sexual maturity. The 50%
retention points calculated from the Canada-USSR mesh selection study bear
a reasonably close relationship to the points caleulated from the length-

girth measurements as described earlier (Fig. 6).

TABLE 6. Comparison of girth/length relationship for silver heke, Ruropean

hake, and Cape hake (modified after Bohl et al., 1971).

Species and Author Relationship Relative Girth as

%

of Girth of Silver Hake

Silver hake

t

[t]

present study G = 0.48 (TLem)-1.99 30 em = 100.00 50 cm =
(Hennemuth, 196M4) G = 0.44 (FLem)-0.31 = 105.5
Eurcpean hake
(Gulland, 1956) G = 0.47 (TlLem)-1.10 = 104.8
Cape hake
Cape Grounds 6 = 0.49 (TLem)-2.44 = g8.7
Luderitz Grounds G = 0,46 (TLcm)—i.hS = §9.5
{Bohl et al., 1971)
G = girth TL = total length (cm} FL. = fork length (cm)
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A selection factor of 4.0 has been accepted as a provisional working
figure for the European hake (M. merliuceius) for cotton and hemp trawls
(ICES, 195T). Bohl et al. (ibid.} Tound uimilnr selechion factors Tor the
Cape hake and assumed Lhat "as the selectivilies of cobton/hamp amd polyamide
are known to be the same" that there was no difference in euwcapemenl for
Cape hake and European hake; we can now further add that the silver hake
also appears to have the same selection characteristics as these other
members of the genus Merluceius. Because of this, Clay {1978) calculated a
"general selection pattern" for the hake family as: 50% Retention Point =
-26.12 + L, 0bu M, where the 50% retention point is expressed in mm and M

is the codend mesh size in mm.

Application of the data

To the hake fishery. The first application of selection data to =

fishery is the investigation of the immediate effect of various mesh sizes
on catches. Two scenarios are possible, the first assuming that fishing
effort remains constant and the mesh size changes, and the second assuming
that fishing effort is altered to generate some "optimal" value of fishing
mortality (e.g. Fg.1) as the mesh size changes, Using the first of the
previous assumptions we can take the measured length frequency of fish

(n = 16,54k) that were caught as part of the Canada-USSR study as repre-
sentative of the commercial population (includes catech in cover and in
codend). We can then 'fish' this population with various gears and study
the effects. Using the selection ogive for the 60 mm mesh net we find that
T2% of the fish (numbers) are caught while 82% of the available welght is
caught. The weight of the average fish caught will increase from 146 g
(the average weight of & fish in the population) to 168 g. Using the

120 mm selection ogive, only 23% of the lish (numbers) are retained and 30%
by weight are held, the average weight of fish would increase to 188 g.
Absolute values for comparison are given inm Table 7. A slightly different
population from ancther area {n = 19,l06} is also presented. Figure 10
shows the population before and after fishing with 60 and 120 mm codends

{note: the y-axis is logarithmic).
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TABLE 7. Values resulting after two populations are fished with various selection
oglves (Appendix I)}. These results are based on a constant effort and
are therefore very different from the results of catch prejections (Table
B) where the effort is altered to maintain the F0 1 level.

Number of Fish Weight of fish (kg) Average

Weight
Population a b a ) (g)
Total population 29406 16544 255.628 2411.18 146
Catch (60 mm) 13265 11883  2062.07 2000.61 168
Catch (90 mm) 9549 8122 1L93.75 1396.1L 172
Catch (120 mm) 4262 3810 730.69 T15.68 188
Change* to (90 mm) -28% -32%4 -28% -30% +2%
Change* to (120 mm) -68% -68%  -65% -64% +12%

* Change from the present fishery (1977) where 60 mm codends are the
standard mesh size to the larger mesh nets.

2000

1000

T TTT

500}

Numbers

00|

i rT

50

0 L - 1 1 1 1 1 L i 1 e -”. J
Q 10 20 30 490 50 60 70
Total Length {em)

Fig. 10. Length frequency of population {(assumed equal to catch of codend and cover).
The solid line (squares) represents the population. The broken line represents
the immediate loss by length of fishing with a 60 om mesh codend and the
dotted line the immediate loss uslug a 120 mm mesh codend.
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The second scenaric, a more realistic way of studying the change in
yield, assumes the effort will be regulated to the Fg.q1 level. The partial
recruitments {PR) for the 40 mm codend mesh were averaged and then smoothed
from the fishing mortality tables of Doubleday and Hunt (1877) and Doubleday
and Halliday (1976). They are 0.08, 1.00, C.97, 0.54, 0.63, 0.27 for ages
1 to B+ respectively. These PR are estimated from data collected from the
historical fishery before area and gear restrictions were imposed. Initially
the technique to estimate change in yield as proposed by Allen {1967) was
tried. This method assumes a knife-edge selection at the 50% retention
point and is therefore unsuitable for partial recruitments such as those of
the silver hake. The yield per recruit (to the fishery) methecd of Thompson
and Bell (Ricker, 1975) was chosen in an attempt to predict an eguilibrium
Yield. The inputs for this method are the weights at age as taken from the
latest assessment by Halliday et al. (MS 1978} and the partial recruitments
for each different mesh size. The partisl recruitments listed above for
the 40 mm mesh codend contain factors for both the selectivity of the net
and the general availability (or distribution) of the fish at each age
group. This follows the relationship:

PR = (AVATLABILITY) X (SELECTICH)
and thus the partial recruitments for the 60, 90, and 120 mm codends are
calculated, assuming nc alteration of fishing patterns, by multiplying the
selection at age for each mesh size (Appendix I) by the availability
calculated from the LO mm PR and selectivity., These data are presented in
Table b of Appendix I. When calculating the fishing mortalitiez for each
age group, the Fg,; is usually multiplied by Lhe normalized (Lo 1) partial
recruitments. In order to meske the fishing mortalities {and thus fishing
effort) comparable for all mesh sizes, the partial recruitments for this
exercise are based on the 40 mm net where age 2 is normalized to 1.0, As
an example of this, the fishing mortalities (lrom Flg. 11) by age have
been calculated for a natural mortality (M) of 0.4 (Table 5, Appendix I).
Figure 11 gives the yield per recruit (YPR) for natural mortalities from
0.2 to 0.5. The YPR for the fishery at age 1 decreases for M = 0.5 but for
all other cases there is an increase with larger increases occurring at

lower natural mortalities.
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Fig. 11. Yield per recruit (YPR) for ages 1-6 plotted against mesh size for four different values of matural
mortality (M). The fishing mortality (F), proportional to effort, is plotted against mesh size for
the same values of M. The F's on this plot are ¥ 1 calculated for the partial recruitments (Tables
4 and 5, Appendix I) normalized for the 40 um mesh size to 1. This makes the F or effort comparable
within the graph for each mesh size but not comparable to the F values on Figures 12 and 13. Thus
the F values can be considered an index of effort. The second graph is the mean weight of fish in
the catch plotted against mesh size for the same levels of M.

The amount of increase shown in Figure 11 is the minimum that could
be expected. This is due to two factors, first, using our premise of
M = 0.4, data have historically been worked up only to age 6+, thus fish
over age b have not been fully considered. This is particularly important
with an M = 0.2. For all values of M <0.4 the increase in yield would be
greater than that shown on Figure 11 due to clder fish living longer. The
second factor which depresses the projected yields is the partial recruitment
which decreases with age. With small mesh gear we can assume fishermen are
concentrating their effort on the largest commercial concentrations of
saleable fish - at the present time this is the 2 and 3 year olds. As
these fish become less available due to larger mesh trawls and as in time
the 4, 5 and older year classes become more abundsnt, it will be more
economic to fish for the larger fish. This will czuse a change in the

availability pattern. We have no way of knowing how muck this pattern will

change although we can assume scme upward change for the older age groups.
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To investigate the extreme limits of the change in yield two additional
series of yield per recruit calculations were carried out. The first
series used partial recruitments of 0,08, 1, 1, 1, 1 and 1 for ages 1 to 6+
respectively (Fig. 12). The increase in yield is much greater in this case
than in the first and the average welght of captured fish increases by
sbout 30%. As a final estimate of the maximum yield, weighte at age and
other data have been estimated for fish aged 6 to 12 years. The weights
chosen were 600, 730, 890, 100C, 1120, 1280 and 1370 g Tor ages 6 to 17
respectively - these weights were estimated from lengths caleculated from a
Von Bertlanaffy growth eguation (Lo = Th.65, K = 0.116, Tg = -1.976;

r? = C.78, n = 2080} using the length-weight relationship:

WL (g) = 2.06x1673 [TL (em)]3-3Y7 (Haliiday et al., MS 1978)
Redoing the yield per recruit (Fig. 13) with a meximum age of 12 years the
increases in yield are again up over the initial estimstes for low values
of M <0.4. However at M = 0.4 the yield drops off between 80 and 120 mm
mesh size - an indication that growth cannot compensate for natural mortality
at this size of net. The loss of weight of the 6+ age group to the 6 year
olds and older is not compenseted for due to the high natural mortality.

Looking at all these cases it would appear that 90 mm mesh nets
generally promise at least the mame - or a slight inerease in - long term
yield over 60 mm nets with an increase in average size of fish. Looking at
the economics, best indicated by the rishing mortality - which is directly
related to fishing effort, there is an exponentigl rise in effort required
as net size increases {Fig. 11, 12 and 13). This exponential rise indicates
the increased effort when changing from 60 tc 90 mm nets is in the order of
10 to 30% while the increased effort to change from 90 to 120 mm nets is in
the order of 30 to 100%. Such dramatic increases in effort required to
move up to 120 mm mesh codends could not be Justified until better quanti-
tative estimates of yield are available. Thus based on effort projections
it would appear 90 mm mesh codends would be a most suitable temporary mesh
size while studying the change in fishing pattern caused by the shift in
population age structure.

The historical (40 mm) availability {distribution} which giv . «
partial recruitment of age 1 fish of 0.08 indicates that shifting from the

LO mn to the 60 mm mesh codends is gcing to make little if any difference
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to the cateh. This is because both mesh sizes would cateh 1 year olds if
they were available and by inference if the 1 year olds are not available
neither net will catch them. Therefore to force a shift in population
structure it is necessary to change from the 60 mm mesh size to & 90 wm
mesh which will permit escape of at least some 2+ fish.

Doubleday and Helliday (1976) suggested the greatest yield-per-
recruit would come if the length of recruitment was raised to 25.5 ecm.
These authors studied the sexual maturity of hake from Canadian research
vessel data and found that male hake were mostly mature by their second
year while 21l females were mature by their third year. Past conservation
philosophy which is generally accepted until more detailed information is
available permits that each fish in & population should be allowed to spawn
at least once. It therefore follows that we should not start cropping the
hake until their third year (i.e. 30 to 32 cm). From these hypotheses a
90 mm mesh codend would seem the most likely cheice of an interim mesh size
while detailed monitoring is being carried out to investigate the effects

on the population.

To the squid fishery. Both the Canada-Cuba study and the Canada-

USSR study had large percentages of sguid in the eatches; this was similar
to current (1977) commercial catches. Thus the masking that may be caused
by squid ir large commercial catches will be at least partially accounted
for in the present studies. The larger commercial catches will tend to
depress the selection factor {reduce the percent escapement) although from
the current study no estimate of this can be made. However, we can use the
results from Bohl et al. {1971} to indicate that the selection factor may
drop by as much as 0.2 per metric tonne increase in cateh. Thus mesh size
estimates to release specific sized fish that are based on the current
experimental study data will be on the low side - and possibly considerably
s0. One factor which could depress the selection cgive even further is any
'streagthening' Lhal may be carrlod oul on commere ol simed codonds {3,000,
double twine, etc.); such alterations are common althocugh not necessarily
uniform throughout a fishing fleet.

As much of the current silver hake fishery hy the USSR and Cuba is
a Joint hake-sguid fishery, end as the biomsss of saquid appears to be
increasing (Scott, MS 1977) it would be advisable %o consider the effects

of a 90 mm mesh net on squid catches., Squid, due to their morphology and
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small range of size, cannot be studied for mesh selection as easily as can
most fin fish species. The tentacles an squid can cause variation in
selection data which makes the 50% reblention point difficult to measure -
in much the same way as teeth and spiues complicate selection ogives of
gill nets for many species of fish., Fiited selection ogives which give
50% retention points of approximately 14,0, 18.0, and 24.0 em for mesh
sizes of 60, TQ, and 120 mm respectively (Fig. 14). Because of the problems
of morphology and small range of length of squid at any one time on the
Scotian Shelf (Fig. 15), it was decided to study the percent. of the popu-
lation, during different seusons, which pass through each codend mesh nize
rather than trying to utilize the 50% retention lenglh. Figure 16 und
Table § show the percent by weight of squid passing through codends of
different mesh sizes. Twenty five to 30% of the squid encountered by the
gear in late summer and early fall will escape a 90 mm research type
trawvl. These escapees will tend to be smaller squid which may increase the

yield per recruit, but more importantly the 90 mm mesh codends will allow

TABLE 8. Percentage by weight of squid passing through the codend of various

mesh sizes of kapron codends.

Mesh Size+ % by Weighl of Squid % by Weight of Squid
{ram ) in the Cateh Released from Codend
CC 40 mm 19.5% 0.0
60 mm CR 28.0 0.5
CC 60 mm 83.0% 1.8
70 mm CR 21.0 0.5
CC 90 mm 66.0% 28.0
120 mm CR 26.0 59.8

+ CC = Canada-Cuba study; CR = Canada-USSR study.

NOTE: The Canada~Cuba cruise (¥*) covered very different locations (a range
of 450 km)} and therefore the variation in percent squid by weight of the
cateh cannot be linked to mesh size. The mode of the length freguency of
these populations in August-September is less than those in October—
November {Fig. 12)}. The modal size of the population would probably be

the determining factor for mesh selection of squid.
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otherwise discarded juvenile fin fish the chance toc escape. The research
studies were conducted in August and Qctober/ November, times when the
squid population had & mode or peak at 20 to 22 cm (Fig. 15 and 17). The
percent squid released by the 90 mm net (Fig. 16) decreases from the August
study to the October/November study, due to the growth of individual squid
in the populaticn. Growth of the population is greatest from April to
June, from June to September growth levels off (Fig. 17). A 90 mm mesh
net would allow cropping of larger squid in June with the majority of Lhe
population growing to catchable size by August. These data suggest that

a 90 mm mesh regulation applied to squid would not prevent catch allocations
from being taken although i1t would substantially reduce the catch rates in
June and July. There would be little effect from August onwards (according
to 1977 sample data). Precise calculations on the affect on YPR and on
fishing effort of increasing mesh size to 90 mm requires more data than is

presently availeble.
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Fig. 15. Monthly length composition of the commercial squid
catch from 1977. Data from the 1977 International
Observer Program.
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Conclusions

A 90 mm mesh codend regulation would appear suitable for silver
hake as an experimental level to test pepulation response and changes in
the fishery due to changes in mesh size. While the long term benefits
cannot be firmly established, it has been shown that long term loses will
not occur over the wide range of parameters considered here. It appears
that this regulation would not have a severe adverse affect on the squid
fishery. There is the additional factor of bycatches to be considered
when setting such mesh regulations. These bycatch species are in part
juveniles of species whose fisheries are regulated by 130 mm minimum mesh
sizes (Waldron, MS 1978) and reduction of these bycatches would result

in an increase in yield of these other fisheries.
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- 33 - APPENDIX I

Table 1

Selection ogives for Silver hake (Meriuccius hilinearis) calculated
from the joint Canada-USSR mesh selection study of Oct/Nov 1977.
values smoothed by a running average of S.

PERCENT RELEASED FRO! CODEND MESH SIAE

TOTAL

TL.ENGTH 40mm* 60 mm 70 mm 90 mm* 120 mm
15 59 73 62 77 91
16 56 71 62 76 90
17 53 68 61 74 an
18 51 2251 58 73 99
19 46 63 57 71 f9
20 41 6l 55 63 89
21 37 57 53 66 86
22 33 53 49 64 84
23 30 48 45 62 82
24 27 45 42 60 80
25 21 a0 as 56 78
26 17 35 34 52 17
27 11 30 30 48 76
28 2] 25 27 46 76
29 3 20 22 44 16
30 1 15 13 42 75
31 n 11 17 40 75
3z 8 14 8 74
33 5 i4 37 73
34 4 11 35 71
35 4 9 313 71
3% . a 2 31 71
37 . 3 5 an 69
a8 - 3 3 28 66
ig . 2 3 27 61
40 . i 2 26 53
41 . 0 2 25 A5
42 2 24 45
43 1 23 43
44 1 22 40
45 - 1 20 39
a6 . 1 19 34
47 - . o 14 29
48 - . - 1n 28
49 - . - 7 25
50 . - 2 22
51 . - . 1 19
52 . . - 0 13
53 . - . - 15
54 . - . . 15
55 . - - . 15
56 . . - - 13
57 - . . - 10
58 - . . - 7
59 - . . . 2
60 - . - . 0

* Estimated values using linear interpolation of 60-70-127 mm results and
taking values of the Canada-Cuba cruise into consideration for the AN mm mesh size.
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App. I (continued)
TABLE 2

Selection by age for 60 mm mesh codend by 3 methods. The first method uses
sample populations and "fishes" each length frequesncy with the selection
ogive of Tabled. The other two methods use the selection values of the ogive
at specifidlength‘.

Age Sex Sample Numbers Modal length Mean length
(" fishing')
1 il 0.41 0.37 .38
0.40 0.39 0.38
2 M .72 0.75 0.68
0.78 Q.80 0.74
3 M 0.83 0.89 0.87
0.91 0.95 n.94
4 M 0.91 0.958 0.95
F .95 0.9§ 0.9%
5 M 0.91 .89 0,96
0,97 0.97 0.99
3] M 1.00 .98 1.00
0.99 1.0Q0 1.00
Table 3

Mesh Selection by age for Silver hake from ICNAF Subarea 4VWX in 1977 with sexes
combined. Four commonly considered nets are shown with the results calculated
by "fishing"” sample populations {see text and Table 2 of Appendix),

Net Size 40 mm 60 mm 90 mm 120 mm
Age Fraction of Fish Retained
1 0.59 0.40 0.34 .11
2 0.93 0.74 0.52 0.21
3 0.99 0.87 0.59 0.25
4 1.60 C.95 0.64 G.27
5 1.00 0.97 0.69 0.34
[ 1.00 .99 0.83 0.64
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App. I {continued)

Table 4 - Partial recruitments calculated for 60, 90 and 120 mm mesh nets from the
40 mm net historic fishery using the relationship: PR = AVAILABILITY x SELECTIVITY

40 mm Partial

AGE Recruitment Selection Availability PR" PR PR™
(Historical fishery) {40 mm) 60 mm 90 mm 120 mm
1 .08 g.59 0.14 0.06 0.05 £.02
2 1.00 0.93 1.08 0.80 0.56 0.23
3 0.97 0.99 X G.98 0.85 0.58 0.25
4 0.54 = 1.00 0.54 0.51 5.35 0.15
5 0.63 1.00 0.63 0.61 0.43 0.21
6+ 0.27 1.00 0.27 0.27 0.22 0.17

*Selectivity taken from Table 3 of Appendix 1

Table 5 - Fishing mortalities by age for the 40 and 120 mm mesh nets for M = 0.40,
This was calculated by using the partial recruitments {(PR) of Table 4 (Appendix TI)
to distribute the F0 of Figure 11 across the age groups.  .ach of the mesh sizes
would be calculated i% a similar manner. Tke;kkM3 mbrtali bes for
AGE 40 mm Partial Fo.1 Fishing 120 am PR fo.1 Fishing
Recruitments Mortality | (Table 4) Mortality
{Historical fishery (Fig. 11) {(Fig. 11)
1 0.08 0.05 0.02 0.04
z 1.00 D.60 0.23 0.51
3 0.97 X U.6 - 0.58 0.25 X 2.2 = 0.55
4 .54 0.32 0.15 0.33
5 0.63 0.38 0.21 0.46
6+ 0.27 0.16 0.17 Q.37
F = 0.35 F = 0.38
This sample calculation shows the FU 1 level artifically high when

compared to what one would expect when the partial recruitments are normalized to one.

Therefore as the PR's are raised through neormalization the FG 1 will drop ~ although the

resulting mean F or weighted F will be the same in either case.
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Definitions taken from Pope et al. (1%75).

1. Length selection ogive or curve - the proportions of fish
at each length interval entering the net which are

retained by the codend.

2. 30% retentien point - or 50% escapement point - the point
on the length selectiaon ogive where 50% of the fish
are retained. Selection curves are nearly always

symmetrical about the 50% point,

3. Selection range - the length interval between the 25% retention

peint and the 75% retention point.

4. Selection factor - is the 50% retention point divided by the

mesh gize (both being in the same units).
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