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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 increased mesh size in the codend can act as an effective savings 

gear. II For 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 biologists, who can rarely study a fish 

population directly, to use catch statistics more accurately to evaluate 

actual popUlation numbers; this should lead to more accurate assenBment 

teclmiques and a better understanding of the population dynamicn of a 

species. 

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

BhoY th.t it Crows r~pidly dUring the fir~L year of life (Hunt. MS 1977i 

* Kapron is a polyamide synthetic material used extensively in the Soviet 
and Cuban 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 

Sauskan, M8 1966). The larvae hatch from pelagic eggs and do not move to 

the bottom until they are approximately 4 em in length (Nichy, MS 1967). 

Approximately 10% of the male population is mature in the first year (20 em) 

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, 

made up primarily of Soviet stern trawlers (1800+ tons), fishes the Scotian 

Shelf in the Northwest Atlantic. In the last few years other countries, 

most notably Cuba, have also entered the commercial hake fishery. In 

addition to this~ some exploratory fishing by Canadian companies has been 

carried out. Historically, the Soviet fishing fleet used 40 mm mesh codends 

often with 40 mm liners (Anon., MS 1976c). The modal length of the com

mercial catch of silver hake, according to Soviet statistics taken from the 

ICNAF swnpling Yearbooks, is 28 to 30 cm (ICNAF, 1962-1972). This modal 

length group represents fish of approximately 2 to 3 years of age. The 

small mesh nets and liners (40 mm) used prior to 1977 would have retained 

most fish over 15 em (1+ years). Because the numbers of 2 and 3 year aIds 

in the catch are greater than the numbers of 1 year aIds (Doubleday and Hunt, 

MS 1977) there must be some selection in the fishery as a result of 

availability of juveniles. 

Legislation agreed upon in December 1976 (Anon, MS 1976b) vas a 

conservation measure to limit fishing inside (on the Shelf) the line shown 

in Fig. 1, to midwater travIs of a minimum of 60 rom mesh and to bottom 

travIs of a minimum of 130 mm mesh. The aims of the regulation were to 

increase the maximum 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 

ICNAF Subarea 5 (Halliday, personal communication) where materials used in 

the codends differed from those currently used in Subarea 4. The purpose 

of the two joint mesh selection studies undertaken in 1971 between Canada 

and Cuba~ and Canada and the USSR, was to quantify the effects of this new 

legislation upon the fishery. 
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Fig. 1 Map showing the "amall mesh gear line" andtheapproximale 
locations of the jOint Canada-Cuba and Canada-USSR mesh 
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)(tonJ the topside cover was fitted to 

the codend in a manner similar to ICES specifications (ICES, 196~). The 

general construction and dimensions of this gear are shown in Fig. 2. On 

the Cuban vessel, R/V Isla de la Juventud, exact details of the attachment 

of the cover are not available in the cruise reports (Anon, 1977; Hare, 

1977) a1thouth Hare (pers. carom.) has recalled the cover was attached close 

to the codend. This problem of cover attact~ent may have affected the 

selectivity (see belOW). 

The sizes of the codend meshes were measured with an reNAl" gaup;e 

at 4 kg pressure. During the Canada-USSR study three ~eri.es 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 di-uram and dimensions of the topside covered 

codend used by the USSR AN Foton during the joint 
Canada-USSR mesh selection study In 1977. 

TABLE 1. Research vessel specifications for mesh selection studies. 

Technical Data - BV Isla de la Juventud (Cuba) 

Length over all: 70.3 m 

Beam: 12.5 m 

Displacement: Net 1556 tons 

Gross 2200 tons 

Power: 2400 hp 

Speed: 14.5 knots 

Type of Ship: Stern Trawler/Freezer 

Technical Data - RV Poton (USSR) 

Length over all: 54.6 ill 

Beam: 

Displacement: Net 660 tons 

Gross 987 tons 

Power: 800 hp 

Speed: 10 knots 

Type of Ship: Side rrrawler 
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TABLE 3. Results of measurements of codend and cover mesh sizes of kapron 

codends from the RV IoZa de la Juventud. 

'Size'* mm 50 60 90 

Dry .0.1 66.1 90.0 20.0 

Wet 40.1 66.1 90.0 20.1 

66.2 90.2 

66.1 90.2 

66.1 90.2 

Mean Dry 40.1 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 and cover mesh sizes of kapron codends from the RV Foton. 

Set Number 

'Size'* (mm) 

Measurements 

Mean 

1 

2 

3 

4 

6 

7 

3 

9 

10 

S.D. 

2 

40 

(wet) 

40 

38 
41 

40 

39 

39 

39 

37 

42 
41 

39.6 

±1. 5 

7 

60 

(wet) 

59 

60 

61 

60 

60 

59 

59 

7 

61 

60 

59.6 

:':1. 2 

8 13 29 50 

30
t 

70 120 120 

(vet) (wet) (wet) {wet} 

3~ 72 127 124 

33 72 128 126 

37 70 216 120 

34 70 128 121 

34 70 125 120 

35 72 127 120 

32 71 121 120 

35 11 123 125 

36 10 125 122 

35 70 129 120 

34.5 70.8 126.5 121.8 

±1.4 ±0.9 :!:.l.8 ±2.1, 

59 71 

60 70 

(wet) (wet) 

59 fi9 

63 10 

G2 (,8 

Go (,8 

60 67 

58 oro 
61 72 

59 70 
60 68 

59 ('6 

60 G8.8 

±1.5 ±1.8 

96 

70 

(wet) 

69 
68 

72 
65 

72 

69 

70 

71 

67 

70 

Commercially rated siz:e (used throughout study to denote different g<·ar types). 

Cover. 

C7 

103 Before Fishing 

60 ~o 

(wet) (dry) 

61 33 

59 30 

59 33 

Go 3~ 

56 34 

60 33 

60 36 

62 34 

59 34 

61 33 

59.7 33.4 

:':1.6 :':1.5 

60 

(dry) 

58 

55 

56 

57 

36 
56 
57 

5' 
57 

58 

56.4 

±1. 3 

70 120 

(dry) (dry) 

67 

'5 
70 

6h 

65.8 r.:: 
!2.1 

(dry) 

31 

32 

33 

30 

33 

3~.6 
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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 cadend 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 conclude that fitting the selection ogive by 

the maximum likelihood method is the most accurate method of deriving the 

curve. The tedious calculations associated 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., ibid.) and in the case of the Canada-Cuba data 

where this was not possible (Mari, pers. corom.) 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. Althougb this gives unbiased estimates of the 50% point, it should 

not be used for other points (Pope et al., 1964). As a check of technique, 

the 50% retention point was also found by a linear regression (by the 

method of least squares) carried out on uata between the 2J% and 7~% 

retention levels. 

In order to obtain a "commercial avera.ge" "he satisfac(:,ury4 hauls 

from one area and one codend mesh size were combined to produce ::1 Bingle 

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, 1964). 

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 57 cm. The uncon-

stricted maximum girth was measured by a loop of synthetic twine. 

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

searching program which attempted to find commercial sized silver hake 

* In this case a satisfactory haul is one t.hat was completed according 
to plan and did not have a tear-up. 

C8 
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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 cadend tows were made). In order to avoid 

the problem of extensive searching and enable more fishing time for the 

Canada-USSR study, the author chose three likely areas of silver hake 

concentrations 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 as large a number of individual hauls as possible. The percent 

make-up of silver hake using this method ranged from over 60% 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 obtaIn :ocJeetivity 

data on the silver hake. 'I'hereforc, len~[,h ami g'lrLII Jllctwurl'mellL~, were 

collected from a stratified sample of fish between the lengths 15 and 

57 cm. The resulting relationship (Fig. 3) was: 

Girth (em) = 0.48 (TLem) - 1.99. (r' = 0.97. n = 93) 

where TL is the total length in crn. This is nearly identical to the one 

calculated by Hennemuth (MS 1964) for silver hake in ICNAF Subarea 5. 

Margetts (1954 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 cm for mesh sizes of 40, 60. 

and 90 mm respectively (Fig. 4. Table 4). Figure 5 shows the length fre

quency of the population sampled and the location of Lhe 50% retention 

point. 
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Total length-girth relationship for silver hake in ICNAF Div. 4w in 
October 1977. Girth (em) = O.48(TLcm) - 1.99, (r2 = 0.97, n = 93). 

Due to an acute lack of data from Lhis study, no attempt was made 

to calculate variations in the data or any effect on the 50% retention 

point caused by different sizes of catch. Although both cruise reports 

calculated a masking effect of the cover, the author felt the data inade-

quate to attempt any such estimate (only 17 usable covered cadend tows for 

3-gear types). Pope et al. (19'75) reported that between haul variation was 

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

possible in the experimental area. In a detailed study of such variation, 

Gulland (1964) found the variation mainly due to "a real difference between 

sets of hauls," caused either by the fish (e.g. feedinG) or by the gear 

(e.g. towing speed). 
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Fig. 4. Selection ogives 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 1!. The selection factor, selection rn.lle;e and 50% retention point for 

kapron codends for si lver hake i'rDlll Lhe fkotlsll Bhelf. 

Mesh Size* 50% Retention Selection Range Selection Factor 
(nun) Point (mm) (25-15%) 

CC 40 1I5 t 111 6.3 em 4.4 

60 CR 225-r 229 13.2 em 3.8 

CC 60 216 t 216 1.1 em 3.6 

10 CR 205' 219 15.4 em 2.9 

CC 90 260t 259 1.9 em 2.9 

120 CR 411' 402 11.9 em 3.4 

* cc = Canada-Cuba study; CR = Canada-USSR study. 

NOTE: 50% retention point or 50% escapement point calculated by eye (t) 

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 to be closer 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 rum; 120 rnm net = 417 rom). 

The mean selection factor found in t..his 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 cotton, 

manila, and nylon. The selection range generally tends to increase as the 

mesh size increases (Clarke, M..S 1954; ,Tensen and Hennemuth. 1966). In this 

study the reverse was found to 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 material. Boerema 

(1956) has shown differences in selection bet.ween various materials and 

kapron is known to have an elongation facLor almost 50% greater than nylon 

(Holden, 1971). More recent information em the CUTrent study has indicated 

some possible problems with the attachment. of the cover. If the cover was 

too 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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50% 

50% 

10 20 30 40 50 60 70 
Length (em) 

Species-SILVER HAKE 
Codend - 40 mm 
Sample size-

... Covered 
• No cover 

.. 3125 

.2232 

Species-SILVER HAKE 
Codend - 60 mm 
Sample size - .. 3660 

.2370 

.. Covered 
• No cover 

Species-SILVER HAKE 
Codend - 90 mm 
Sample size- 2550 

.. Covered 

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% retention 

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 rom and 
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some factor. Therefore the most probable factor depressing the 50% retention 

point and the selection range was the incorred. attaclunent of the cover to 

the codend. 

80 

2 
c 
G 

,!60 
8 
0 
on 

1;; 

E 
~40 

,s 
co 
c 
.! 

] 
,? 

20 

16 

12 
...., 

SO 3 4 5 10 15 
Stretched codend mesh size (em) 

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 collected 

than on the earlier Canada-Cuba cruise. and these data should provide more 

realistic commercial averages for mesh selection estimates. The first 

analysis on these data was to find the 50% retention point. selection 

range. and selection factor for each mesh si~e (Table 4). The mean selection 

factor of 3.3 is within the historical bounds for hake (Gulland, 1956; 

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 rom respectively. Figure 8 

shows the length frequency of the sampled popUlations and the location of 

the 50% retention point. Appendix I gives numerical selection ogives for 

the hake (expressed as percentage retention for total length) and the 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 length interval and summing the 

results is the best technique. 

As mentioned earlier, historical selection experiments (Clarke, MS 

1954 and 1963; Gulland, 1956; Bohl et al.~ 1971) have tended to find an 

increasing selection range with greater codend mesh size. This was not 

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

(Table 4). 
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Fig. 8. Length frequency of the catch during the Canada-USSR 
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 data were collected. the selection factor has been 

plotted against the weight of the total catch 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 selection factor in Fig. 9. The 

scatter on this plot is very wide and has a slight positive correlation. 

This is not as expected because such species as haddock, cod (Beverton, 

1964; Clarke, 1963b; Hodder and May, 1964) and the cape hake (Bah! et al' J 

1971) show much better correlations that are all negative. The variation 

(scatter) although great is comparable to that found by Bah! et at. (ibid.) 

although his range of catch size was much greater than that found in this 

study. The effect of an increase 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 reported to range from 0.05 per metric 

tonne in the haddock to 0.3 for a change in catch from 10 to 15 kg in the 

dab and plaice (Bohl, 1964). There is no simple explanation for the above 

discrepancy, although probable reasons for this anomaly are the small range 

in size of catch due to the small research trawl used in the study and the 

large variation in the data. As the increase in selection factor with 

increase in size of catch is not feasible. no attempt was made to extra-

polate to commercial sized catches. 
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Fig. 9. The selection factor of individual tows with the 60 mm codends (broken. line, 
circles) y = l64.76x + 72.53, (r2 = .30. n = 15), and 70 mm codends (solid 
line, triangles) y = 818.38x - 2012.44 (r2 = .16, 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 (em) and selection factor for sets "here 

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

to provide a unique result. 

Set Number Codend Catch Mesh Size 
(kg) 60 mm 70 mm 

50% retention length/selection factor 

5 1839 20.16/3.4 
8 762 19.62/3.3 
9 872 20.27/3.4 

10 1047 28.43/".1 
11 1610 29·93/4.1 
13 1833 30.31/4.3 
23 3083 27.26/3.9 
24 329 18.26/2.6 
26 248 18.42/3.1 
27 93 21.75/3.6 
32 200 18.51/3.1 
34 805 23.57/3.9 
37 590 19.73/3.3 
38 306 22.85/3.8 
42 394 14·95/2.1 
43 215 22.18/3.2 
44 183 23.47/3.4 
45 244 21.61/3.1 
47 623 21. 77/3.1 
48 580 21.94/3.1 
88 421 25.76/4.3 
89 409 23.84/4.0 
90 1161 25.55/4.3 
91 1577 26.04/4.3 
93 574 22.59/3.2 
94 569 24.33/3.5 
95 305 23.40/3.3 
96 364 25.61/3.7 
97 605 25.10/3.6 
98 533 24·75/3.5 

101 419 27.07/4.5 
102 761 27.70/4.6 

mean 50% retention length 22.72 ±3.19 23.82 ±3.82 
mean selection factor 3.79 ±O.52 3.40 ±O.55 

General 

An initial overview of the selection factor for silver hake from 

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

ferent from the European or Cape hakes. However, two problems that may 

alter such as assumption involved the type or cover material and cover mesh 

size. rem (1964) suggested that the covet' material should be made of a 

bUOlf!1.ht mAt@ria.l sueh REl Jllllyet.hylene (e.g. I:out"lelle). ill bot.h I)f t.he 

studies under investigation, nonfloating kapron covers were used. ICES 

(ibid.) also recommended t.he cover mesh be no smaller than one-third to 
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one-half of the cadend mesh size. As the Canada-Cuba study used 20 rom mesh 

covers and the Canada-USSR study used 30 mm mesh covers through all phases 

of the investigations. the 90 mm and 120 rnm mesh nets of the two studies 

will have definite masking effects, perhaps serious ones. MaSking is an 

effect described by Davis (l934) as an "elusive factor!! of the I1f10w" 

effect of the cover. Masking tends to reduce the flow of water through the 

meshes and thus reduces the 50% retention point which results in a decrease 

in the selection factor. The selection factor in both studies (Table 4) 

decreases as the cadend mesh size increases (e.g. 4.4 to 2.9 and 3.8 to 

3.4). Thus if we take the selection factor of the cadend with the least 

effect of masking by the cover (i.e. 40 mrn mesh net for the Canada-Cuba 

study, and 60 rum mesh net for the Canaua-USSR study) the mean selection 

factor is 4.1, a value that allows us to consider the possibility that 

silver hake will have essentially the same selection characteristics as the 

European and Cape hakes. 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 probably the same within the 

bounds of variation 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 paints calculated from the length-

girth measurements as described earlier (Fig. 6). 

TABLE 6. Compa.rison of girth/length relatLonship for silver hake, Eurnpean 

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

Species and Author 

Silver hake 

present study 

(Hennemuth, 1964) 

European hake 

(Gulland, 1956) 

Cape hake 

Cape Grounds 

Luderitz Grounds 

(Boh1 et al., 1971) 

G == girth TL 

Relationship 

G 0.48 (TLcm)-1.99 

G 0.44 (FLcm)-0.31 

G 0.47 (TLcm)-1.l0 

G 0.49 (TLcm)-2.44 

G 0.46 (TLcm)-1.45 

total length (cm) 

05 

Relative Girth as % 
of' Girth of Silver Hake 

30 em 100.00 50 em 

l 05.5 

104.8 

98.7 

99.5 

FL fork length (em) 

100.0 

100.5 

101. 7 

100.2 

97.9 
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A selection factor of 4.0 has been accepted as a provisional working 

figure for the European hake (M. merluccius) for cotton and hemp trawls 

(lCl.!.'S,1957)· Dohl ei al. (ibid.) foun'! ;;j_milILr [)(']('cl,ion f:tcLr!r':. r,)r t,h,' 

Cape hake and assumed that "as the sele('tiviLies oj' ('utton/lwHljl anlt !,olyamide 

are known to be the same!! that there y,ra::; no differellce in Cf,~CUpem'!nt rot' 

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 Mel'luccius. Because of this, Clay (1978) calculated a 

"general selection pattern l
! for the hake family as: 50% Retention Point 

-26.12 + 4.o4xM; where the 50% retention point is expressed in mm and M 

is the codend mesh size in rom. 

Application of the data 

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

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. Fo.l) as the mesh size changes. Using the first of the 

previous assumptions we can take the measured length frequency of fish 

(n = 16,54!1) that were caught as part of the Canada-USSR study as repre

sentative of the commercial population (incluues catch 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 rom mesh net we find that 

72% of the fish (numbers) are caught while 82% of the available weight is 

caught. The weight of the average fish caught will increase from 146 g 

(the average weight of a fish in the population) to 168 g. Using the 

120 rrun selection ogive. only 23% of the fish (numbers) are retained liud 30% 

by weight are held, the average weight of fish would increase to 188 g. 

Absolute values for comparison are given in Table 7. A slightly different 

population from another area .(n = 19.J106) 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 
ogives (Appendix I). These results are based on a constant effort and 
are therefore very different from the results of catch projections (Table 
8) where the effort is altered to maintain the FO.l level. 

Number of Fish Weight of fish (kg) 

Population a b a b 

Total population 19406 16544 255.628 2411.18 

Catch (60 mm) 13265 11883 2062.07 2000.61 

Catch (90 nun) 9549 8122 1493.75 1396.14 

Catch (120 mm) 4262 3810 730.69 715.68 

Change* to (90 mm) -28% -32% -28% -30% 

Change* to (120 mm) -68% -68% -65% -64% 

• Change from the present fishery (1977) where 60 mm codends are the 
standard mesh size to the larger mesh nets. 
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The second scenario, a more realistic way of studying the change in 

yield, assumes the effort will be regulated to the FO'1 level. The partial 

recruitments {PRJ for the 40 mm cadend mesh were averaged and then smoothed 

from the fishing mortality tables of Doubleday and Hunt (1977) and Doubleday 

and Halliday (1976). They are 0.08, 1.00, 0.97, 0.54, 0.63, 0.27 for ages 

1 to 6+ 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) method of Thompson 

and Bell (Ricker, 1975) was chosen in an attempt to predict an eQuilibrium 

yield. The inputs for this method are the weights at age as taken from the 

latest assessment by Halliday et aZ. (MS 1978) and the partial recruitments 

for each different mesh size. The partial recruitments listed above for 

the 40 rom 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 = (AVAILABILITY) X (SELECTION) 

and thus the partial recruitments for the 60. 90, and 120 mm codends are 

calculated, assuming no alteration of fishing patterns, by multiplying the 

selection at age for each mesh size (Appendix I) by the availability 

calculated from the 40 nun PR and selectivity, These data are presented in 

Table 4 of Appendix 1. When calculating the fishing mortalities for each 

age group, the Fa, 1 is usually multipliecl by lhe normali",ed (1..0 1) partial 

recruitments, In order to make the fishing mortalities (and thus fishing 

effort) comparable for all mesh sizes, the partial recruitments for this 

exercise are based on the 40 mID net where age 2 is normalized to 1.0. As 

an example of this. the fl~hing mortalities (['rom Fig, 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 YFR 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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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 6 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 older 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 abundant, it will be more 

economic to fish for the larger fish. This will cause a change in the 

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

change although we can assume some 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. 'rhe first 

series used partial recruitments of 0.08, I, 1, I, 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 weight of captured fish increases by 

about 30%. As a final estimate of the maximum yield, weights at age and 

other data have been estimated for fish aged 6 to 12 years. The weights 

chosen were 600. 730, 890, 1000, 1120, 1280 and 1370 g for ages 6 to 12 

respectively - these weights were estimated from lengths calculated from a 

Von Bertlanaffy growth eQuation (Lm = 74.65. K = 0.116, To = -1.976; 

r2 = 0.78, n = 2080) using the length-weight relationship: 

WT (g) = 2.06xlO- 3 [TL (em)]3.317 (Halliday et al., ME 1978) 

Redoing the yield per recruit (Fig. 13) with a maximum age of 12 years the 

increases in yield are again up over the initial estimates for low values 

of M <0.4. However at M = 0.4 the yield drops off between 90 and 120 rom 

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 compensated for due to the high natural mortality. 

Looking at all these cases it would appear that 90 rom mesh nets 

generally promise at least the same - or a slight increase in - long term 

yield over 60 mm nets with an increase in average size of fish. Looking at 

the economies, best indicated by the fishing mortality - which is directly 

related to fishing effort, there is an exponential rise in effort required 

as net size increases (Fig. 11, 12 and 13). This exponential rise indicates 

the increased effort when changing from 60 to 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. 'J'hu~ baRed on erfort pro:,ections 

it would appear 90 rom mesh codends would be a most suitabJc temporary mesh 

size while studying the change in fishing pattern caused by the shift in 

population age structure. 

The historical (40 rom) availability (distrloul..ton) which gi" 

partial recruitment of age 1 fish of 0.08 indicates that shifting from the 

40 mm to the 60 rom mesh codends is going to make little if any difference 
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to the catch. This is because both mesh sizes would catch 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 rom mesh size to a 90 rum 

mesh which will permit escape of at least some 2+ fish. 

Doubleday and Halliday (1976) suggested the greatest yield-per

recruit would come if the length of recruitment was raised to 25.5 em. 

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 all 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 a 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 choice 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 squid in the catches; this was similar 

to current (1977) commercial catches, Thus the masking that may be caused 

by squid in 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 inuicate that the selection factor may 

drop by as much as 0.2 per metric tonne incr~ase in catch. 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 

so. One factor which could depress the seleclion ogive even further is any 

'strcugthenillg' ("11'11, rrJlly 1)(' {'urrJ"d 'ilJI. I"l ""II/IIPI'I'!'II ",i',',,'d 1"ld"II'!:', (i .", 

double twine, etc.); such alterations are common although not necessarily 

uniform throughout a fishing fleet. 

As much of the current silver hake fishery by the USSR and Cuba is 

a joint hake-squid fishery. and as the biomass of squid appears to be 

increasing (Scott, MS 1977) it would be advisable to consider the effects 

of a 90 rom mesh net on squid catches. Squid, due to their morphology and 
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small range of size, cannot be studied ror mesh selection as easily as can 

most fin fish species. The tentacles on squiJ. can cause variation in 

selection data which makes the 50% retention lJOint difficult to measure _ 

in much the same way as teeth and spilJes complicate selectiun ogives of 

gill nets for many species of fish. F, 1 h ct selection o~ives which give 

50% retention points of approximately 14.0, IS.0, and 24.0 em for mesh 

sizes of 60, 'ro, and 120 ITUll respectively (Fig. 1)1). Because of the problems 

of morphology and small range of length of squid at anyone time on the 

Scotian Shelf (Fig. 15), it was decided to study the percent of the {JOpU-

lation, during different ;le[i:Jon:..;, which puss Lhroue;h each l~()dellli me~;h ::ize 

rather than trying to utilize the 50% ret.ention leuGLh. F'Lr;urc ltl WIU 

Table B show the percent by weight of squid passing thrQugh \..'odends 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 nnn research type 

trawl. These escapees will tend to be smaller squill which may increase the 

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

TABLE 8. Percentage by weight of sfluirl pas;. i ne; through t.he codend uf v!lriou~; 

mesh sizes of kapron codends. 

Mesh Size t % by Weight. or Squid % by Weight of Squid 
(rom) in the Catch Released from Cadend 

CC 40 mm ~J9. 5* 0.0 

60 nun CR ;!8. a 0.5 

CC 60 mm 83.0* 1.8 

TO rum CR 2}.0 0.5 

CC 90 mm 66.0' 28.0 

120 rom CR 26.0 59.8 

t 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 

catch cannot be linked to mesh size. The mode of the length frequency 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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I 
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Mantle Length (em) 

Species: Squid 
Codend: 60 mm 
Sample size:1895 

50 60 

Species: Squid 
Codend: 70 mm 
Sample size: 411 
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Fig. 14. Selection ogives for squid from ICNAF Div. 4w in October 1977. The arrow 
on the X-axis indicates the 50% retention point. Data from Canada-USSR study. 
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otherwise discarded juvenile fin fish the chance to escape. The research 

studies were conducted in August and October/ November. times when the 

squid population had a mode or peak at 20 to 2? em (Fig. 15 and 17). The 

percent squid released by the 90 rum net (Fig. 16) decreases from the August 

study to the October/November study. due to the growth of individual squid 

in the population. Growth of the population is greatest from April t.o 

from June to September growth levels off (Fig. 1'7). A 90 rum mesh 

net would allow cropping of larger squid in June with the majority of the 

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 it 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 available. 

50 

40 

'0 
0. ... '" • ::IE 

Mantle length (em) 

Fig. 15. Monthly length composition of the commercial squid 
catch from 1977. Data from the 1977 International 
Observer Program. 
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Fig. 16. Codend mesh size and the percent of squid released by each mesh 

size. The solid line represents the Canada-Cuba study while the 

broken line represents the Canada-USSR study. The difference 

between the two lines is presumed due to the growth of the squid 

population between August and October/November (Figure 15). Data 

from 1977 International Observer Program. 
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Fig. 17. Growth of squid measured by movement of modal peak on a weekly basis. 

Circles are samples from Cuban commercial catches while crosses are· 

samples from Russian commercial catches. The vertical bar represents 

one week with mode spread over two centimeter groups. Data from 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 population 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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Table 1 

Selection ogives for Silver hake (Merluccius b.ilinearis) calculated 
from the joint Canada-USSR ~esh selection study OF Oct/NOV 1977. 
Values smoothed by a running average of 5. 

PERCENT RELEl\SED FRO!! COOENO MESH SI7,E 

TOTAL 

LENGTH 4_' 60 "'" 70 "'" 90 mrn' 120 mm 

15 59 73 62 77 91 
16 56 71 62 76 90 
17 53 68 61 7' 90 
18 51 66 58 73 90 
19 46 63 57 71 89 

20 41 61 55 68 B8 
21 37 57 53 66 86 

" 33 53 49 64 84 
23 30 48 45 62 82 
24 27 45 42 60 80 
25 21 40 3B 56 7B 
26 17 35 34 52 77 
27 11 30 30 48 76 
2B 8 25 27 46 76 
29 3 20 22 44 76 
30 1 15 18 42 75 
31 0 11 17 40 75 
32 8 14 3B 74 
33 5 14 37 73 
34 4 11 35 71 
35 , 9 D 71 
36 4 0 31 71 
37 3 5 30 69 
3B 3 3 2B 66 
39 2 3 27 61 
40 1 2 26 53 
41 0 2 25 46 
42 2 24 45 
43 1 23 43 
44 2' 40 
45 1 20 39 
46 1 19 34 
47 0 14 29 
4B 10 28 
49 7 25 
50 , 22 
51 1 19 
52 0 18 
53 15 
54 15 
55 15 
56 13 
57 10 
5B 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 ;1,n nun mesh 
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App. I (continued) 
TABLE 2 

Selection by age for 60 mm mesh codenn by 3 methods. The first method uses 
sample populations and "fishes" each length frequesncy with the selection 
ogive of Table~ The other two methods use the selection values of the oqive 
at specifiailengthS. 

Age 

1 

2 

3 

4 

5 

6 

Sex 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

M 

F 

sample Numbers 
(. fishing I ) 

0.41 

0.40 

0.72 

0.78 

0.83 

0.91 

0.91 

0.95 

0.91 

0.97 

1.00 

0.99 

Tahle 3 

Modal length Mean length 

0.37 0.18 

0.39 0.38 

0.75 0.68 

0.80 0.74 

0.139 0.87 

0.95 0.94 

O.U 0.95 

0.9, 0.95 

0.89 0.96 

0.97 0.99 

f).9S 1.00 

1.00 1.00 

Mesh Selection by age for Silver hake from ICNAF Subarea 4~iX 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 Appendi~. 

Net Size 40 nun 60 mm 90 mm 

Age Fraction of Fish Retained 

1 0.59 0.40 0.31 0.11 

2 0.93 0.74 0.52 0.21 

3 0.99 0.87 0.5g 0.25 

4 1.00 0.95 0.64 0.27 

5 1. 00 0.97 0.69 0.34 

6 1.00 0.99 0.83 0.64 
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App. I (continued) 

Table 4 - Partial recruitments calculated for 60. 90 and 120 rnm mesh nets from the 
40 mm net historic fishery usin9 the relationshie: PR 

40 mm Partial 
AGE Recruitment Selection Availability 

(Historical fishery) (40 mm) 

1 0.08 

) 0.59 0.14 

2 1. 00 0.93 1. 08 

3 0.97 ( 0.99 0.98 ) ) = X 
4 0.54 1. 00 0.54 

5 0.63 1. 00 0.63 

6+ 0.27 1. 00 0.27 

*Selectivity taken from Table 3 of Appendix 1 

Table 5 - Fishing mortalities by 
This was calculated by using the 
to distribute the Fa of Figure 
would be calculated i~ a Similar 

AGE 

2 

3 

4 

5 

6+ 

40 mm Partial 
Recruitments 
{Historical fishery 

0.08 

) 1. 00 

0.97 X 

0.54 ) 0.63 

0.27 

age for the 40 and 120 mm 
partial recruitments (PR) 
11 across the age groups. 
manner. 

FO• l 

(Fig. 11) 

0.6 

F 

Fishing 
Mortality 

( 
0.05 

0.60 

0.58 

( 0.32 

0.38 

0.16 

= 0.35 

= AVAILABILITY x SELECTIVITY 

* • • PR PR PR 
60 mm 90 mm 120 mm 

0.06 0.05 0.02 

0.80 0.56 0.23 

0.85 0.58 0.25 

0.51 0.35 0.15 

0.61 0.43 0.21 

0.27 0.22 0.17 

mesh nets for M = 0.40. 
of Table 4 (Appendix t) 
" ..... 8ch of the mesh sizes 
I~' f,shinj MOr-t .. Lli., +,0.-

120 mm PR 
(Table 4) 

FO. l 

(Fig. 11) 

Fishing 
Mortality 

0.02 ) ( 
0.04 

0.23 0.51 

0.25 X 2.2 0.55 

0.15 ) ( 0.33 

0.21 0.46 

0.17 0.37 

F = 0.38 

This sample calculation shows the FO. 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 normalization the FO. 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. (1975). 

1. Length selection ogive or curve - the proportions of fish 

at each length interval entering the net which are 

retained by the codend. 

2. 50% retention point - or 50% escapement point - the point 

on the length selection 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 

point and the 75% retention point. 

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

mesh .ize (both being in the same units). 
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