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INTRODUCTION 

In recent years the short-finned squid Illex illecebrosus has become an 

important offshore fishery in the northwest Atlantic (Amaratunga et al., 1978). 

Mesh selection information on Illex has been limited to a report by Clay (1978) 

in experiments aimed at silver hake, and the need to determine the selective 

properties of the trawl gear camnonly used on the Illex fishery was demonstrated 

by STACRES (ICNAF, 1978). A joint canada-Japan research project was undertaken 

during summer, 1978, with the primary objective of carrying out mesh selection 

experiments for Illex on the Scotian Shelf. Japan equipped and provided a 

commercial stern trawler, Shirane Maru, for the project which consisted of two 

one-month cruises during the early and late periods of the fishing season. 

Gear selectivity has been used as an important tool in fisheries 

management to reduce fishing mortality on certain size classes of fish. 

Typically, by enforcing a limitation on the minimum mesh size, small fish are 

permitted to escape fishing gear. With their potential capacity to grow to 

a larger size, there are long-term benefits to the fishery (Pope et al., 1975). 

A "knife-edge" selection curve occurs if all fish at a given length have 

the same girth; and if all meshes in the cod.end had the same shape the fish 

that enter the net will have a chance of escape of either 0 or 1 (Jones, 1963). 
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Since there is a considerable range of size of fish, an increasing fraction 

of the total actually sustain mortality. It has been convenient to use an 

approximation to the knife-edge by properly choosing a mean selection length 

(or age) Ie that supposes that the effective fishing mortality is zero at 

lengths less than Ie and full fishing mortality at lengths greater than Ie 

(Gulland, 1963). This is usually represented by a symmetrical sigmoid selection 

curve. However, various factors affect this ideal selection: variations mf 

the length/qirth ratio of fish, variations in mesh size, change in mesh size 

during use, blockages in meshes by accumulated catch, and variation of liveliness 

of fish (Pope et a!. r 1975) are among them. In the context of squid, many 

important factors related to biology and behavior are recognized. of primary 

concern is the mprphology of the animal which is quite unlike a fish in 

rigidity while it is equipped with arms and tentacles capable of grasping. 

Another difficulty is the small size range of animals which progresses" through 

the entire life span. 

The life span of Illex, estimated at approximately one year by Squires 

(1967), conceivably held true for the 1977 (Amaratunga et al •• 1978) and 1978 

(unpublished. data) stocks on the Scotian Shelf. Although a 

mechanism for predicting recruitment for each year is not developed yet 

(ICBAF, 1978). it is known that the fishery is conducted on new recruits each 

year. Each year is usually represented at a given time by single modes, normal 

distributions of narrow siBe ranges (Squires. 1967; Mercer, 1973; Amaratunga 

et al., 1978). Growth progresses rapidly during the fishery and asymtotes 

usually close to the end of the fishing season. The reproductive phase is 

accompanied by winter emigration from the summer fishing grounds on the Shelf. 

Usually a new generation ~grates in the spring, with no significant overlap 

of generations (ICNAF, 1978) and enters the exploitation phase. 

The 1978 directed fishery for ~ in SA 3 and 4 commenced on June 15, 

with heavy international fishing in SA 4 between July and October. The fishery, 

however. is influenced by problems with by-catch. In 1977 it was difficult to 

determine the directed species between silver hake (Merluccius bilinearis) and 

Illex (Amaratunga et a!.» 1978). Depending on when immigration takes place, Illex 

recruits are exploited as by-catch in the silver hake fishery even prior to the 

commencement of the Illex-directed fishery. Therefore, mesh size regulation for 

the Illex fishery must take into consideration other fisheries in the areas, 

especially the Bilver hake fishery. 
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STACRES (ICNAF, 1978) reported that although there was no mesh size 

regulation for Illex in SA 3 and 4, certain countries used 60 rom cadends, the 

minimum mesh size for silver hake fishery, when fishing for Illex as well. 

Countries fishing only for Illex used codends with mesh sizes in the range of 

40-48 nun. .I.l1ex fishery was conducted with both mid-water and bottom trawls. 

STACRES recommended mesh selection experiments to determine selection curves 

for Illex over the range of 40 mm to 60 rom mesh sizes. During the first cruise 

of this survey, mesh selectivity of 45 rom, 60 mm, and 90 mm codends were 

studied. The mesh sizes studied during cruise 2 included 100 mm and 130 mm 

codends. 

MATERIALS AND METHODS 

The Shirane Maru 1978 program consisted of an "early season" study 

(Cruise 1) from June 3 to July 4, 1978, and a "late season" study (Cruise 2) 

fram October 16 to November 16, 1978. Each cruise consisted of two legs of 

approximately two weeks' duration. Each of these segments will be referred to 

in the following text by the cruise number and leg number for convenience. 

Specifications of shirane Maru are given in Table lao Specifications 

of the "standard bottom trawl" (see Kono, 1978) used throughout the program 

are given in Table lb. Details of the nets and rigging are shown in Figures 1, 

2, and 3a and h. Diagramatic representation of the basic cadend and cover is 

given in Figure 4. Five condend-cover combinations used were specially 

constructed by Japan to these basic specifications. Float attachments were 

altered with each cadend-cover combination to ensure sufficient separation 

between nets. All cadends and covers were made of polyethylene, except for 

the cover of the 45 mm cadend which was nylon .. 

In Cruise 1, Leg 1 and 2, three codends with theoretical mesh sizes 

of 45 Mm, 60 Mm, and 90 mm were used with corresponding covers of mesh sizes 

20, 35, and 40, respectively (Table 2). In Cruise 2, Leg 1, three codends 

with mesh sizes of 60 mm, 90 mm, and 130 mm were used with corresponding covers 

of 35 Mm, 40 mm, and 60 mm, respectively. In Cruise 2, Leg 2, the cadend meshes 

were 90 mm, 100 mm, and 130 mm with cover meshes of 40 rnm, 60 mm, and 75 mm, 

respectively. Although each net was measured (as described below), the different 

codend-cover combinations would be referred to by their theoretical cadend 

mesh sizes in the following text for convenience. 
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TABU: 1.. Vessel specifications of the Shirane Maru. 

Type of ship: Stern traWler/freezer 

OVerall length: 83.9 III 

Beam. 13.9 III 

Gross toJUlaqe: 2528.8 lIT 

Net tonnage I 1344.5 lIT 

Power 3030 hp 

TABLE lb. Specifications of the bottom trawl used on the Shirane Muu. 

Type of trawl: Standard bottcm trawl (regular type from Kane, 1978) 

Poot rope length: 72 III 

Head rope length I 54 III 

Head rope heiqht: 7 III 

Wingspread 27 m (estimated from he&drope length) 

Length of bridles: 150 III 

Type of doors: rectangular 

Door weight.: 2830 kg 

Door length: 260 em 

Door height: 369 em 

Distance between doors: 110 III 

Mesh size in wings: 141 III 

Mesh size in codend: 

Theoretical: 45 IIIll 

Gear name: type 001 

60 IIlIII 

type 002 

90 mm 

type 003 

Liner in codend: partially lined. See figure. 

Mesh size in cover: 

Theoretical: 20 t!IIl 

Gear name: type 001 

30 DIll 

type 002 

45 mm 

type 003 

Chaffing gear fitted: Yes. See figure. 

Rollers on footrope: Yes. See figure. 

130 trill 

type 004 

60 DUll 

type 005 

100 nun 

type 005 

60 ... 

type 004 

Sampling was randomized within a Latin square design. Four stations 

(Fig. 5) were occupied in each leg of Cruise 1. such that on each 24-hour 

period (day). depth-stratified sampling between 100 m and 300 m was carried out 

using a single codend mesh size within a transect (FIg. 6; the numbered 

boxes repres~t transects), An average of 9 half-hour trawls were made in a 
day using each codend. A total of 110 trawls were made during each leg of 

this cruise. Three stations (Figure 8) were occupied in each leg of Cruise 2 
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The program had the basic design which n·quired that fishing commenced as 

soon as the vessel arrived at the scheduled location on a transect. Trawls 

of a specified duration were carried out within the transect for a day using 

a single oodend-cover combination. At the end of the day the vessel moved to 

a new transect and trawled for a day using another cadend. When moving fram 

one station to another, it was convenient not to change codends. Hence, trawling 

at a new station usually commenced using the last cadend of the previous station. 

This basic design was altered on occasion when squid catches were low or when 

time permitted other experiments. Selectivity data was monitored during the 

cruises; and when it was felt that the random sampling provided insufficient 

numbers of squid, search and fish methods (commercial methods) were employed 

on a few occasions. On Cruise 2, Leg 2, one set per day employed this method. 

Codend and cover mesh sizes were measured just prior to and immediately 

after a day's fishing, thus providing a dry and wet measurement. However, 

when moving from one station to another; i.e., when codends were not changed 

between transects, no measurements were taken. Two lines of 10 meshes each, 

which were pre-marked and located on the topside of the long axis (Pope, 1975), 

were measured using an ICES gauge (where possible) at 4 kg pressure. This 

gauge was not large enough for the 130 rom mesh and had to be replaced by a 

wedge-shaped ICNAF gauge. For measurements of the 20 mm cover, a vernier 

caliper was used. Table 2 gives means of S.D. of measurements of all five 

codends and covers in their dry and wet condition. Student t tests were applied 

to determine variations in the meshes due to wetness and use. 

Length measurements of a random sample of approximately 250 squid from 

the cadend and 250 squid from the cover were taken from each set (when available). 

Additionally, a random sample of 100 animals from each net were studied for 

morphometries. Mantle lengths measured to the nearest 0.5 em from the antero

dorsal protruberance of the mantle to the apex of the tail fin represent all 

squid length measurements. All weights are recorded to the nearest 0.1 kg. 

All fish encountered in the nets were studied by length and weight and in most 

cases by sex. Total catch against squid catch is tabulated in Table 3. 

The selection curves obtained for each mesh size differed appreciably 

from one set to another. Because of this, the best method of combining squid 

selection data from several hauls was considered. One method was to pool all 

the codend catches and all the cover catches of a given mesh size and computing 

a mean selection curve in the usual way (Pope, 1975). Figures 7 and B show 
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these ogives for cruise 1 and 2 by mesh size. '!he method does not take into 

consideration the size of squid catch nor by-catch. In the present study, no 

attempt was made to determine suitable criteria to minllnize effects of catch 

size (Clark et a1., 1958, Pope, 1975) on selection. Many sets in Cruise 1 

had very small squid catches (Table 3). Hence, an arbitrary criterion, which 

selected sets that had a minimum of 250 squid in the codend, was used to select 

"satisfactory" sets. '!hese represented 33\ and 39% of all sets from Cruise 1 

and 2, respectively. These also included 100% and 89% (of Cruise 1 and 2, 

respectively) of sets in which squid constituted 50\ or more of the total 

catch. Selection ogives for the "satisfactoryll sets were drawn for each mesh 

size in each leg (Figure 9 andlO). 

Holden (1971) and Pope (1975) describe methods of fitting selection curves. 

For the present purposes, linear regressions using the least squares on lengths 

retained between 25% and 75%; and fitting the curves by eye, using probability 

paper, were the two most convenient methods. 50% retention lengths obtained. by 

these methods are tabulated (Table 4) against the selection factors obtained for 

the polyethylene oodends. 

Illex length frequencies were taken throughout the 1978 fishing season 

from samples off the international commercial vessels. Growth curve plotted. 

on a weekly basis (Figure l»neglects selection by the commercial gear. 

Comparative frequencies obtained during the present survey (Table 5), depicted 

in Figure 12, represent samples of total squid catch, presumably without selection. 

RESULTS AND DISCUSSION 

PartiCUlar difficulties encountered during the program were associated 

with mesh measurements. The measurements were done by many individuals and 

the teChniques could not be standardized at all times. The guages themselves 

also presented problems. The ICES guage (Westhoff et al., 1962), which is 

the recommended guage for scientific use and most often used in this experiment, 

presented difficulties in consistantly applying a 4 kg pressure. The 

measurements (Table 2) using this gauge resulted in coefficient of variance 

of 4-5%. The ICNAF wedge gauge used for measuring the 130 mm cadend was not 

equipped with a pressure device and proved difficult to regulate. Although 

standard deviations observed were apparently large (Table 2) the coefficients 

of variance of 4% for dry and 5% for wet measurements compared favorably with 

those of the ICES gauge. Beverton and Bedford (1958) reported a study where 
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TABLE 4. 50_ retention lengths and selection factors for data sets taken 
fran the Shirane Mam 1978 mesh selectivity study. 

Cruise t Leg * Criterion Codend le at SOt Selection factor 

1 1 • 2 Pooled 45 109 2.4 
60 122 2.1 
90 130 1.4 

1 1 Satisfactory 45 148 3.3 
sets 60 123 2.1 

90 107 1.2 

1 2 Satisfactory 45 118 2.6 
sets 60 134 2.2 

90 136 1.5 

2 1 • 2 Pooled 60 
90 183 2.0 

100 197 2.0 
130 190 1.5 

2 1 SatisfactoJ:Y 60 
sets 90 

130 234 1.8 

2 2 Satisfactory 90 '185 2.1 
sets 100 190 1.9 

130 

TABLE 5. Ml'iJll mantle lengths of squid in Cruise 1 and 2 of 
Shirane Haru mesh selectivity study, 1978. 

Week Period Nos. Mean length Standard 
(em) deviation 

June 4-10 8,984 15.41 ± 1.35 

June 11-17 7,834 15.09 ± 1.47 

June 18-24 5,901 15.97 ± 1.64 

June 25-July 1 7,824 16.22 ± 1.72 

July 2-8 5,238 16.85 ± 1.16 

Oct. 15-21 5,103 23.25 ± 1.46 

Oct. 22-28 5,448 2].62 t 1.88 

Oct. 29-Nov. 4 5,176 24.29 ± 2.00 

NoV, 5-11 14,239 2';.12 ± LBS 

Nov. 12-18 3,543 2 ~ • ')8 ± 1.84 

aix observers used the wedge gauge with no pressure-device had coefficients 

of only 3-4'. The vernier calipers which substituted the ICES gauge for the 

very small mesh measurements proved to be the poorest gauge (coefficient of 

variance of up to 9') in the absence of A pressure device. 
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Selectivity of codends may be influenced by (i) '~ish" (species, quantity, 

and behavior); (ii) gear; and (iii) operation of the gear (Holden, 1971). 

The present operations by and large conformed to commercial procedures although 

durations of tows, and time and location of tows were based on experimental 

design. Thus, the operational influences on the selection were considered to 

be of less consequence than the others. 

The student t test showed dry meshes were slightly smaller than the wet 

measurements (Table 2), significantly so in 130 rom codend and 20 rnm, 40 rom, 

and 75 mm cover measurements. A similar test also showed that meshes 

apparently changed very little with use. Mesh measurements taken during 

one week of use showed no significant difference to those in the next 

week. Pope (1975) indicated the importance of testing the meshes of the 

anterior region of the codend with the posterior end, where most expansion 

pressure is exerted on the meshes and where most fish escape from (Beverton, 

1963). No significant difference in mesh size was discerned between the 

anterior and posterior regions of the net after use. Thus, the polyethylene 

codend meshes apparently did not alter significantly through the experiment. 

Although the ship's captain indicated concern about insufficient codend and 

cover separation (minimum suggested 1.5-2.0 m) due to insufficient use of 

floats, laboratory experiments conducted in Japan showed that the gear used 

on the project apparently functioned adequately. Thus, the 

masking effect due to improper rigging (Pope et al., 1975) was probably 

minimal. However, in abundance estimations from the cruise data, it was 

observed that mesh sizes less than 90 mm had significantly lower catches 

(Amaratunga and McQuinn, 1979). Indications were that gear efficien~y 

decreased with decrease in mesh size due to alterations in flow of water. 

A large number of "valid" hauls (Pope et al., 1975) were carried out 

during this project. The random nature of the experiment (Gaussian distri

bution) was thought to counter-balance the effects of the large variations 

in catch size and composition (Table 3). Pope et ale (1975) recommended 

large numbers of hauls in view of the intrinsic large between-haul variations. 

Thus, a group of selection ogives were obtained for all mesh sizes by pooling 

all valid sets (Fig. 7 and 8). without considerations to catch. The Cruise 1 

data show lc at 50% for the 45 mm, 60 mm, and 90 mm were 109 rom, 122 mm. and 

130 mm, respectively. At lengths less than 130 mID, the selection ogives show 

considerable scatter (Fig. 7). This, in fact, relates to the small numbers 
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of squid present in this size range. Fig. 12 shows that less than 10% of the 

population fall within this size range. The le at 50% for codends used in 

Cruise 2 (range of 183 mm to 198 mm) also represented a small number of obser

vations accounting for less than 1% of the population (Fig. 8). Similarly, 

small numbers of squid observed in the large size ranges resulted in scatter in 

the upper regions of the ogives. Dotted lines represent the uncertain regions 

in the ogives (Fig. 7 to 10). 

Clay (1979) states that in a detailed study of between-haul variations 

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

sets of hauls". Jones (1958) suggested a method of combining data to take 

into account the variances between and within sets. However, since it is 

known that increases in catch size result in decreases in selection factor 

(Clark et a1., 1958; Pope et a1., 1975), the selected "satisfactory" sets 

(which included most sets with squid catches greater than SOt) were used 

in this study for comparison. 

Significant differences were observed between "pooles" data and "satisfactory" 

data curves. Cruise 1 data in Fig. 7 and 9 show in the "satisfactory" data 

lc at Sat increased in all ('ases except the 90 mm of Leg 1. In Cruise 2 

data (Figures 8 and 10) ,the satisfactory data of 60 rnm and 90 rnm show virtually 

all animals encountered at 210 mm or more were retained. The ogives for 100 mm 

did not alter substantially. Figure 10 shows a scattered retention for the 

satisfactory data of 130 mm. The variations of the lc at SOt seen for these 

two sets of data are in Table 4. The satisfactory data ogives obtained for 

Cruise 1, Leg 1, were probably the most representative for the selection 

of squid in the 45 mm and 60 rom codends, while satisfactory data of Cruise 1, 

Leg 2, were the most representative for 90 mm. 

Beverton and Holt (1957) discussed avoidance of fish resulting in decrease 

in retention as size of fish increased. Such patterns were probably apparent 

in selection ogives of 130 mm (Fig. 8 and 10) and 45 rom (Fig. 9) codends. There 

was thus an indication that larger squid had the capacity to avoid encounters 

with the net. Pope (1975) discussed the possible effects of liveliness of fish 

that can cause variation to the selection curves, The patterns observed in the 

ogives of this study indicated that squid aCllvity prohably indf1uenced selectivity, 

Squid morphology and behavior are perhaps the most important criteria 

affecting the ideal "knife-edge" selection curves. While the body of the 
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squid is not rigid, a serious incumbrance to escapement through the nets 

are the arms and tentacles. Laboratory and field observations on behavior 

have shown squid, when disturbed, actively "grab" with their arms and cling 

onto any accessible solid abject using their suckers (virtually as a reflex 

action). They were often observed to bite using their beaks, in order to 

retain their grasps. This behavior is likely to occur in the nets and offer 

an explanation to the variations in selection patterns. Poor selections evident 

especially in Cruise 2 probably relate to behavior of squid which have at this 

stage reached their largest size and are capable of rapid movement. 

If in squid the maximum girth alone was to be considered in relation to 

escapement, one would consider the mantle (or tube) of the animal. Many 

constraints may be identified when using this dimension. For example, the 

tube has a considerable elasticity and the girth varies in dimension during 

each intake and outlet of water during the animal's propulsion. S~larly, 

the tube is capable of accommodating large quantities of food in the gut 

(Amaratunga et al., 1979; O'Dor et al., 1979). Fish girths are highly 

correlated with length (Pope, 1975), but morphology and behavior of the 

squid does not permit a meaningful use to such a correlation. 

An alternate method of estimating selection was suggested by Clay (1969). 

He considered the percent of the population, during the fishing season, that 

would pass through each codend mesh size.rather than trying to utilize lc at 

50%. 

This survey began in June, essentially at the recruitment phase of the 

1978 stock (Amaratunga and McQuinn, 1979). In Figure 12, Cruise 1, Leg 1 

represents the recruitment curve. The mean mantle length at recruitment was 

152 mm. Two weeks after the directed fishery commenced the mean mantle 

length was 162 mm. Mean lengths during Cruise 2, 14 weeks later, advanced 

from 233 mm to 240 Mm. This probably represented the asymtote of the growth 

curve during entry to the reproductive phase (many maturing females and 

mature males were observed; see Amaratunga and Roberge, 1979). Growth 

between the periods mid June to November was extremely rapid, averaging 

approximately 5 mm per week. consequently, rapi~ changes in percentage by 

weight passing through the codends were recorded and shown in Table 6 and 

Figure 13. The 90 mm codend released 23% early in June and only 2% in 

mid October. These escapees, which may be considered as yield per recruit, 
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will tend to be smaller squid, from the tail of the distribution curve. 

Gulland (1963) points out appreciable differences in yield are seen when 

the mesh size is such that fish are caught at a size just less than the 

maximum attainable. The 130 rmn cadend (in Cruise 2, Leg 1, Ie at 50% was 

234 mm; retaining squid at a large attainable size) released 43% of the catch 

in mid October. Earlier in the season, when squid are smaller, the 130 mm 

cadend would require a significantly greater fishing effort. The 90 mm 

codend, on the other hand, retained a large enough percentage early in the 

season and as Clay (1979) suggested, may not affect catch rates in the fishery. 

The percentages released by the 45 mm and 60 rom codends were considerably 

lower, while gear efficiency was also questioned for these meshes (Amaratunga 

and McQuinn, 1979). 

TABLE 6. Percentage, by weight, of squid released. by five codend mesh sizes used. 

Cruise No.; Peried Cedend Illex weight Il1ex weight Percentage 
Leg No. mesh size (mm) in cadend in cover by weight 

(gear type) released 
in cadend 

1;1 June 3-17 45 (001) 834.6 131.0 14 
60 (002) 542.1 83.7 13 
90 (003) 2144.8 642.2 23 

1;2 June 20- 45 (001) 2057.0 126.7 6 
July 3 60 (002) 2546.4 380.2 13 

90 (003) 3642.2 931.2 21 

2;1 October 17-30 60 (002) 4607.6 3.2 0 
90 (003) 7546.7 144.9 2 

130 (004) 920.5 690.4 43 

2;2 November 2-16 90 (003) 21241.2 287.0 1 
100 (005) 14241.3 2550.0 15 
130 (004) 9123.9 2199.2 19 

CONCLUSION 

Any mesh regulation if applied to the Illex fishery will essentially 

affect a sinal .. ",,'ar stock. The single year class grows through the fishing 

season at a rapid rate and therefore can on]y result in short-term 

benefits in yield per recruit. However, laboratory and field 

observations indicate that any slight skin damage (when physically 

passing through the trawl net) usually results in death to the squid in a 

few days. These mortalities may counter-balance any possible increase in 

yield per recruit. Although the present studies were insufficient to 
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determine possible long-term benefits such as the release of sufficient 

spawning stock, the indications were that behavior of squid in the late 

season affect selection considerably. While rhe benefits of a mesh requlation 

on the squid fishery appear to be limited, considerations must necessarily 

encompass its value to the other closely associated fisheries, especially 

silver hake. Clay (1979) states that a 90 mm mesh size appears to be 

suitable for the silver hake fishery on an experimental basis. The 90 mm 

mesh size in this experiment was apparently applicable to the squid fishery. 
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Figure 1. Net dimensinnF: of the bottom trawl used in the 1978 Canada/Japan mesh 
selectivity study on squid. Measurements are in meterS and number of meshes. 
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Figure 2. Diagram of the otter board and bridle attachment on the bottom trawl 
used during the mesh selectivity studies. 
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Fig. 3a. Diagrammatic representation of the mouth of the bottom 
trawl used in the selectivity study. 
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Fig. 3b. Head rope and ground rope of the bottom trawl used 
in the selectivity study. 
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