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FOREWORD

Trawling is an important and useful method of
taking marine fish and for exploiting certain species
seems to be the only method. It has the major dis-
advantage of destroying substantial quantities of small
unsalable fish of both the species whose use depends
entirely upon it and of other fish which are taken on
different kinds of gear. To those interested in effec-
tive use of fish resources the destruction of unusable
fish is a source of concern and several attempts have
been made to develop methods of avoiding the waste
which results from bringing on deck large quantities
of small fish. The results of the more significant
published investigations on the subject have been sum-
marized and brought together in the following manu-
script report in the hope that application of the general
principles of effective "savings gear" to local condi-
tions may be facilitated.

J. L. Hart
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I
SAVING GEAR FOR OTTER TRAWL

by F.H.C. Taylor

Introduction

This report is a review of the literature, chiefly by European

Borowik (1930) statesworkers, on savings gear for otter trawls,

that the name "savings gear" (savings trawl) has been accepted for

all that fishing gear which makes possible the escape of small, un-
marketable, undersized fish.

The fact that beam and ottor trawls are destructive to under-
sized fish has been realized for many years, and fisheries invest-
igators, especially the European investigators, have sought for over

half a century to find a practical solution to the problem. In more

recent years, in New Zealand, South Africa and the United States this

problem has also received attention.
The problem of saving undersized and unmarketable fish is com-

plicated by the fact that the trawl catches more than one typo of fish

Davis (1934) considers that commercial fish, with

few exceptions, may be divided into three main types,

round fish, such as cod and haddock, broad flatfish, such as plaice

and supple flatfish, such as the true sole.
trawl caught species could be divided into three comparable classes,

at the same time.
These are

On the Pacific Coast the

round fish such as grey cod, ling cod, etc

rock sole, brill, sand solo, starry flounder, etc

fish such as lemon sole, rex sole, dover sole and possibly yellow-
finned sole.

broad flatfish such as•»

and narrow flat-•>

The difference in cross section between the first two

classes is obvious; however, that between the last two classes is

less apparent, but is still sufficiently great to be worth considering.



savings gear designed to release undersized broad flatfish might

also release considerable numbers of marketable round fish end perhaps

a significant number of commercial sized narrow flatfish,

ber of marketable species released would depend upon where the relative

size limits for marketable fish of each type were set.
for round fish were sufficiently greater than that for broad flatfish, a

savings gear designed to release undersized broad flatfish might also

However, such a savings gear would

release narrow flatfish of commercial size, as the size limit for this

type would be approximately the same for broad flatfish,

below which it is considered desirable to release fish of all three types

will have to be determined and the effect of a proposed savings gear

tested on each of these types before such a modification can be intro-
duced to the commercial fisherman.

Thus a

The actual num-

If the size limit

release only undersized round fish.

Thus the size

Escapement of fish through the various parts of trawl.
The pooitions of the various parts of a trawl net are shown in

figure 1.
Two workers have carried out experiments to determine the es-

capement of fish through various parts of a trawl,

obtained
The results they

are not in close agreement, although both indicate that the

cod-end is a major importance in the escape of small fish,

of these workers was Todd in 1911.
The first

He used a 45 foot beam trawl. The

dimensions (as length of side ) of the mesh of the various parts of the
net were as follows:
ings, 5.3

Wings, 5.6 cm. , square , 5.6 cm., belly and bat-
cm., decreasing to 3.8 cm., cod end, 2.8 cm. The parts of



his experiment which are of interest here are those described as Beam

III, cod end and batings covered, Beam IV, cod end, batings and square

covered, and Beam V, cod end, batings and square covered, but with an

Tho covering not was of 1 cm.oval hoop 139 x 88 cm. in tho cod end.
Tho following table gives a summary of the results ob-square mesh.

tained.
The escapement of fish through various parts of aTable I.

trawl not [ Todd, 1911.)

Series fro. of
hauls

No, of fish in Cover
Square j Batings | Cod end

No. of fish
in cod end.Species Total

Plaice B III
B IV

34913465 2134 5
53 0 0 554 2

B V 11 968 17671 13 785

Dabs B III
B IV

11739 17779
1338
2759

34 766 5274;
i 30 10821894 37

B V 0 505 94111 1313

Cod B III
B IV

339302 5 3234
0 15 4784 24

B V i 11 42 0 20 52 114

Haddock B III
B IV

34 57 0 0 57
4 31 8 07 46

B V 11 79 0 8 391 478i

Whiting B III
B IV

34 2959 250 1798 5007
4 119 29 1171 320

B V 11 227 4 37 566 834

From those experiments Todd concluded that:

1. Contrary to expectations, the number of fish found in the

covering the square did not form a fair proportion of those es-net



caping, being about 0.5% (33 out of 6,000) for plaice and dabs and

2*5% (41 out of 1600) for haddock and whiting..
The evidence shows that in the majority of cases the pro-

portion of fish escaping through the batings is not large,

however, more escaped through this part than through the cod end.
These have been includod in default of evidence of there having boon

anything wrong with the net, howovor, it appears probable that the

2.
In 6 hauls,

covering not in the cod end was torn.
3. Compared with the batings and square the percentage of fish

escaping from the cod end is very large. Considering all series of ex-
periments, in half the cases the percentage escaping was 50% or over

whilst in only one case was it less than 25%,
4. The size of the largest fish escaping, as was expected, de-

creases from the square to the cod end.
Borowik (1930), on the other hand, showed that the front part

of the trawl had a considerable effect on tho number of fish escaping.
The following two tables show his results for flounders.

Table II Size of fish at each cm. length escaping from trawl.
Trawl with 30 mm. cod end and 30, 35, 40, and 50 mm. mesh in front

part.
Mesh in
jront part.i Size of fish

in cm. 12 15 16 17 18 19 2013 14 21 22 2423 25 26 up

30 mm. 91 140 173 173 107 21 15 1323 38 65 66 35 9 31Size freq.
in 0/000

5533 fish in 15 hauls.
35-40 mm.Size freq.

in 0/00
fish in 19 hauls.

Size freq,
in 0/00

409 fish in 10 hauls.

100 19614 10 24 162 166 13743 63 31 15 9 9 21

Tin 115 no122 98 54 63 41 44 9950 mm. 20 20 50 66 64 34



Table III. The number of fish escaping from 45 mm. trawl

and held in various parts of cover.f
Flounder 3386 fish in 7 hauls.

Length of
fish oscap-
ingthrough

Uppor part

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

1 40 113 159 196 119 90 80 64 45 27 13 12

5 88 140 248 141 78 57 56 23 17 1 1Bottom part

8 100 230 275 210 134 126 93 44 21 7 2 1Side parts

1 6 6 6 12 27 34 44 30 45 32 20 16 8 10 3 3 4No. Retained

Bururtik concluded that:

1. The catch of undersized fish dopends primarily on the size

of mesh used.
2. The chances of retaining or losing undersized fish dopond

on the numbor of meshes, therefore, not only the cod end but also the

front part of the trawl are of great importance.
Undersized fish try to escape not only through the meshos in

the sides of the trawl but also through those in the uppor and bottom

part, the last being especially important for the smallest fish,

Burowik’s data consists of the measurements of many thousands of

caught by boats using nets mr.de with different combinations of mesh

• T̂ e catches of these nets arc comparod on the assumption that the

These comparisons indicate

ond and front part of the net are of about equal importance

escape of small fish, i.c. an increase from 30 mm. to 45 mm. in cod

3.

fish

sizes

same population is being fished in nil c^ses.
that the cod

for the



ond mash reduced tho cntch of flounders bolow 20 cm, to the some de-
an equal increase in the size of the mesh in the front partasgree

of tho not.
Herrington ( 1935 ) makes the following observations about

Borowik's procedure and results— "Inasmuch as there are many more

mesh in the front part of the net than in the cod end, the chances

of losing undersized fish do not appear to depend directly upon the

number of mesh, but are a function of the number of mesh and their

Thus a mesh in the cod end is of much more importanceposition.
than one in any other part of tho trawl. The fact that the data

were not obtained from parallel or alternate hauls, and the nets us-
ing small mesh were of a somewhat different design than those using

large mesh, leaves a little uncertainty as to the significance of

However, they indicate that the front part of the

trawl is of more importance for the escape/ of small fish than appears

from Todd’s experiments.
In another set of experiments using fine mesh covers Borowik

demonstrated that tho bottom port ’ of - the . net was of -importance for the es-
cape of small dabs and flounders,

of the total escapement and the sides 50%.
Thus neither Todd’s nor Borowik 's work in this respect have

yielded entirely satisfactory results.
The data of B#rley and Russell (192E ) indicate that thero was

escapement through tho forward parts of the net , but do not pro-
say good comparison of the relative importance of these parts

Shd the cod end.

these comparisons.

These sections accounted for 20%

some

vide



However, It is generally accepted by most investigators

field, that the size uf the mesh in the cod end has the

fluence on the sizes of fish retained,

experiments in savings gear have been

the cod end.

in this

greatest in-
For this roason most of the

confined to modifications of

L-



•Rxperiraental Methods for Determining the Selective Action of Trawl Nets.

There are, in general, three main ways in which data on the

releasing powers of.nets may be obtained. These sire: i\

(1) Alternate Net experiments.
(2) Covered Net experiments.
(3) Trouser Trawl experiments.

(1) Alternate Net Experiments.
Here alternate hauls or series of hauls are carried out using

The catches of both types can thencod ends of different mesh sizes.
be compared.

Both Davis (1934) and Herrington (1935) agree that this is

probably the best method, and the one that should bo used in tho

However, infinal tests of a full sized normally fishing net.
preliminary work, it is open to the grave practical objection that

a very large number of hauls must be made in order tc make certain

that the population sampled by both series of hauls is tho same,

that is to say that chance variations in tho catch from haul to

haul are minimized.
A modification of this method was used by Davis (1934) and

Marchand and Taylor (1936). This method required the use of two

commercial vessels, one fitted with the normal net and the other

with the experimental net.
following each others movements and shooting and hauling thoir

gear at the same time.

These vessels fished side by side,

Cod ends were exchanged at the end of

each trip to eliminate the possibility of a greater fishing



capacity of one vessel or of its personnel biassing results,

eral trips were made,

it was felt that the chances of their fishing the same population

Sev-
By using two vessels fishing close together

was greater.
Covered Not Experiments•(2)

In those experiments tho cod end to bo tested is covered with

fino meshed net, so that all fish escaping through the meshes of

tho experimental cod end are retained by the covering net. Herr-
ington (1935) believes that tho covered cod ends, although probably

providing the most precise results, involve practical difficulties

of handling and mending which can bo tolerated during experimental

work on a research vessel but which would bo objectionable on board

a commercial fisherman. Tho principal objection to the use of a

covered net is that the cover by its increased resistance, seriously

affects the draught of water through the net and by lying close

against the inside net hinders the escape of the fish, Davis (1934)

partially overcame this last difficulty by supporting tho covering

net on cane struts in such a way that the cover was kept well clear

of the inside net. He undertook a controlled series of experiments

with covered and uncovered nets and showed that even with a supported

cover that (a)t**c covering of the cod end with a fine meshed net

lowers the fishing efficiency and (b) it produces a masking effect on

tho lower sizes of fish in the releasable range.
°f such

TUJ practical effect

errors appears to be small. Ho found the percentage released

nt each unit length to be lower for covered net experiments than for

commercial net experiments (Alternate hauls) whereas, he states the

i



opposite should "bo the css -̂ #

Devis (1934) gives tlio following explanation of this statement:

ftIn the ordinary covered net experiments the meshes of the cover are

sufficiently small to retain all sizes of fish comprised in the popu-
lation on the ground. The method of fishing two cod ends against one

another means that the large mesh may bo considered, for this purpose,
as provided with a cover of meshes equal to that of the smaller mesh

Belov:a certain length this hypothetical cover wouldunder comparison.
retain at each centimetre length loss fish than would the ordinary

shrimp mesh cover since it.itself is subject to the law of selection as

regards the population on the ground. But in covered net experiments

fish retained in either the real or hypothetical cover are considered

as fish released by the larger mesh. Therefore, at any given length

of fish the percentage released by the larger mesh should show as less

for the hypothetical cover than for the actual shrimp net cover, within

the range of selection of the larger mesh,

expect the percentage release-curve for haddock for the commercial mesh
experiment to lie to the loft of that for the covered net experiment.
Whereas it has been found to lie to the right.
population liable to capture by the normal mesh (i.o. a population al-
ready selected by this standard mesh) released by the 10 cm. mesh from
a sample of the total population on the ground,

in spite of his own deductions from the data on controlled experiments
with covered nets, that the commercial experiment gives the result most

accordance with the facts,

definite masking effect of the cover,

This means that one would

The numbers of the

The writer believes,

in Presumably the difference is due to a

which it has been found imposs-

i



ible to estimate exactly. It is suggested therefore that in practice

all covered net experiments may give results showing all points of the

percentage release curvo to be lower than is really the case,

in direct contradiction to the result s obtained in the control expori-
The lengths at which 25%, 50$, and 75% of

This is

monts with covered nets.
haddock are retained, using a 10 cm. mesh are shewn in the following

table.
Table IV. Sizes at which haddock are retained.

Commercial
Net Exp. Covered Net

Experiment

Cl 25$

Mdn. 50$

23.0 21.2

25.9 23.7

0,3 75% 27.9 25.8

However, he concludes that "at the worst, the results arrived at by

covered cod end methods appear to give results showing the releasing

powers of meshes as minimal, and that the results a.re quite satisfac-
tory for comparing the releasing factor of various fishes.
(3) Trouser Trawl Experiments.

This method of comparing the catches and the releasing powers of
cod ends of meshes of different sizes was devised by Russell and Edser
in 1926. In this method the cod end is bifid, one leg is made of nor-
mal sized mesh and the other is made of the mesh size to be testod,

the cod ends are of equal size the fish may be expected to enter each
leg of the cod end in about equal numbers, and the difference in tho

.--S

amount of small fish retained by the 1 rge and small mesh indicates the
number which have escaped through the l:rgo mesh,

that this

Devis (1934) remarks

is the most useful method for preliminary work and rapid ex-



obtain rough indications of the host size of meshin order topériment

to use in main exp oriment s • His objections to it are that "in addition

to its obvious limitations as compared with the normal cod end , the tr-
ouser cod end showed a tendency for one log, the "after" , to take cons-
iderably more fish than the other." The after log is that log towards

the after end of the vessel when the not is hauled ; thus if the net

were fished from the starboard side, it would bo the port log. Herr-
ington (193o ) also found one leg took moro fish than tho other ,

partly overcame this by fitting a partition running from the crotch be-
He

tween the two legs of the cod end , forward on the bottom to two thirds

of the way to tho foot rope , and on the top, to two thirds of the way

to tho after end of tho square. Tho forward end of the partition was

given a V shapo. The use of this partition made the catch of the two

legs more nearly equal. Herrington also found that instead of a single

splitting strap, individual splitting straps for each log gave better

results. Those were connected by a 5 foot bridle to the centre of which

the bull rope wras attached.
Davis (1934 ) equalized the catches of the two legs in the follow-

The proportion of fish of a size too largo to pass through

tho larger mesh were counted in each leg.
multiply all the fish at each cm. length in the leg catching the smaller

ing manner:

It will then be possible to

number of these larger fish ( i.o. the foro leg, asssuming the longer
"R1mesh to be on thu after leg ) by the factor where F is the number of

l^rge fish in the after log and A the number in tho fore leg.
iogs aro thus

The two

Herrington (1935 ) used
a 3imilnr method of equalizing tho catches of the two legs, in addition
to having the

raised to the same catching powor.

partition described earlier in the net.



No data is available to show the comparative catching powers of

'the two legs, if the net were dragged directly astern in the manner of

the «American style” gear used by many Pacific Coast fishermen.

Methods of Comparing the Selective Action of Nets.
Several methods have been devised for comparing the selective

action of trawl nets.
The simplest, but by no means the best, method of expressing

the selective action of different nets is to show for each net, the num-
ber or percentage of fish retained at each cm, length. This method does

not allow for ready comparison, because of the large number of entries

which must be compared, Fulton (1894) used this method.
A method which permits of more ready comparison is the cal-

culation of the lengths at which 25%, 50%, and 75% of the fish are re-
tained. These points are shown together with the curve obtained by

plotting the percentage retained at each length against length. The

slope of this curve gives some idea of the sharpness of selection. Todd,
t

Russell and Sdsor, Bowman, Davis, Buchanan-Wollaston, and Herrington

have all used this method or a refinement or extension of it.
Davis (1929 and 1934) and Herrington (1935), for expressing

the sharpness of the selective action, used what they called the co-
They attribute it to Buchanan-Wollaston.efficient of selection.(Cs).

^s»l00(Mdn - ( )) where Hdn̂ the mean length at which 50% of the

fish
Mdn.

released and 50% retained; Q3-Q1 = t}ie Interquartile range =are

the difference between the lengths at which 75% are released and 25%
are retained. This selection coefficient, Herrington remarks, is ob-
jective, easily calculated and readily understood. It is equal to



100 for perfect selection i.e. all fish below a certain size es-
while all fish above that size are retained by the net, and to 0

selection takes place.
The calculation of the first and third Quartiles ( Q^ and Q3)

the median ( mdn ) and the coefficient of selection ( Cs ) form the simp-
lest method of comparing objectively the selective action of trawl

nets of different mesh sizes and construction.
Buchanan-Wollaston (1927 ) described a more involved treatment

cape

if no

of the selection curve based on his law of chance selection, using

tbe assumption that selection comes under the Law of Error. He

cur-
fits a curve of error to the points bordering on the mode of the

ve of difference , formed by subtracting the percentage retained

at each cm. length from that retainod at the succeeding cm. length.
2= a -* bx + cx is fitted to the logarithmsA parabola of the form y

of these points.
Buchanan-Wollaston's coefficient of sharpness in selective ac-

tion (cs ) represents the greatest 1 cm. increase in percentage cap-
ture, the corresponding cm. being that extending to 1/2 cm, on either

The value of the area of the curve shows to what

degree the net follows the law of chance selection.
side of the mode.

Herrington (1935)

remarks that Buchanan-Wollaston 's method appears to bo useful only for

Quito regular data ( as admitted by Buchannn-Wollaston ,
that obtained from a good series of hauls with a covered cod end.
such

1927 ) such as

For

cases, however , the method appears to offer a means of evaluating

effects of weather ( amount of roll) , clogging, etc., on the selec-
&ction of the net.tive



Another method of comparing tho releasing powers of different

sized meshes which has been used by some European workers (Borowik 1930)

to compare tho numbers or percentages retained above and below a

cortain sot length, usually corresponding to tho size limit for a spoc-
Buchanan-Wollaston, 1934, shows that this method is open to ser-

ious criticism on tho grounds that a change in tho composition of the

population fished, with no change in the selective action of tho not,
will alter this expression.

is

ios.

Therefore, this method is of little value

in determining or comparing the selective action of nets.
Factors affecting tho Selective Action of a Net.

The selective action of the net may be affected by a number of

factors over which tho investigator has little or no control. These
factors include the weather, the size of the catch, and the composition
of the catch.

Todd (1911) states that the effect of a heavy sea or a small cat-
ch is to increase tho size at which tho various proportions are retained,
whilst a calm sea or a heavy catch have the opposite effect. He points
cut that in hauling in a rough see., the trawl, especially when it is
alongside, is raised and lowered in tho water through fairly consider-
able distances owing to the roll of the vossel.
sifting action

small fish,

the meshes of

This has a cortain

on the contents of tho cod end, tending to sieve out tho

Tho action of a heavy catch is obvious, it tends to block

the trawl in contact with the catch, although opening them
to their fullest
being almost

extent, whilst the strain on the noshes above the catch

entirely along one diagonal practically close them, thcre-
preventing the escape of small fish to some extent.

by
The composition



of the catch will also affoct tha selective action of the net. In a

nixed catch of brood flatfish end round fish, the flatfish ore liable

the meshes, preventing the small round fish from escaping,
similarly if large amounts of "trash" aro taken those will plug the

to cover

meshes, again preventing the escape of undersized fish.
Effect of Weight of Twine and Shrinkage in Reducing the Effective

Mesh Size.
In order to compare precisely the position of selection curves

for different gears, an accurate and consistent description of the

netting used is necessary. It will be realized that the mesh size of

used netting will not be the same as the mesh size of new netting.
Different batches of new netting may shrink more or less depending

on how tight the knots were when the netting was first measured and on

how heavy the catches were between tines of measurement,
tion to the change in size of new mesh, a difference in the diameter of

the mesh in the forward and rear sections of the cod end nay result from
the strain imposed by heavy catches,

Herrington (1935) states that a difference of 1/4 of an inch or
1/2 of an inch in mesh size may not appear important, but he points out
that his data (for haddock ) indicate a difference of 1/2 of an inch
will change the position of the selection curve 4-6 cm,
expect to designate a mesh size which will place the selection curve as
close as possible to the lower boundary of tbe marketable sizes , an error

4 cm. plus or minus, either will cause the capture and waste of many
small fish or permit the loss of a large proportion of fish just above
the lower limit of market size.

In addi-

"Therefore if we



Herrington (1935) gives the following figures for shrinkage: 4

to 5 inch mesh (diameter between knot contres new) of 3 thread, 1100

and 1200 twine double was 0.5 of an inch and for 4|to 5 inch mesh of

4 thread, 750 twine single was 0.3$ of an inch, for 5 inch mesh of 4

thread, 750 and 900 twino double was over 0.6$ of an inch,

gives the following figures for the average differences for mosh dia-
meters between centres and inside knots, stretched mosh; for 3 and 4

He also

thread 1100 and 1200 twine double the average differences, but the 4

thread had been subjected to heavier catches and the knots had been

For 4 thread 750 twine double the average differencepulled tighter.
was 0.78 of .an inch; for 4 thread 750 twine single- it was 0.56 of an

inch. For new notting the average differences were considerably high-
averaging from 1 inch to if inches. He found the mesh did not st-ar,

retch out to a fairly permanent size till after 5-10 hauls. Because
of this the selection coefficient for the first half dozen hauls on all
three "Exoter” trips are 4 to 5 points below those for the same gear
for the remainder of the trip. The median selection points were also/

2 to 3 cm. lower for the first hauls.
This change in size of the mosh with use,mnkes it possiblo

to attach stringers only to used nets, after shrinkage has taken
place,

Typos of Savings Gear.
Savings gear may be divided into two main types:
(1) Changes in the mesh size, usually of the cod end.

No other modification in the construction of the not is made.



Specialized types, involving a modification to the net , as well

as to the mesh size. These modifications take the form of panels of rectang-
ular mesh and rigid structures inserted in tho cod end to hold the mesh open.

Theso two main typos will bo discussed separately,

(1) Mesh Experiments.
Borowik (1930 ) has shown that the commercial trawl has the power of

( 2 )

"sifting” the catch and thus in itself is a savings gear,

mesh size , particularly in the cod end will alter the selective capacity of

the net in relation to the fish of which the size has been determined as un-

Changes in the

marketable or immature. These depend to a certain degree on the size of the

mesh, the thickness of the thread and the method of using the net. An in-
crease in the size of the mesh will allow fish of a larger size to escape,

Davis (1934 ) states that there is a considerable body of opinion among
tho fishing industry and among research workers that the meshes of a trawl,
including those in the cod end are pulled tight fore and aft while the net
is being towed. This would make an impervious bag so that fish would only
be released when the way is off the ship and the net is being hauled,
this view were correct any increase in mesh size would be useless as a method

If

of releasing small fish, as they would be retained during towing and killed
or injured. Davis designed an experiment which showed that this was not the

His results show that of the total numbers of fish released 91$ of the
whiting, 90$ Qf the weavers and 80$ of the dabs passed through the mesh of the
cod end during towing. In these experiments he used a covered cod end , with

cover arranged in such a way that the portion of it behind the cod end

case.

the

could bo throttled whilst tho net was being towed. The not was hauled immed-
iately the throttle closed. For details of the experiment and the throttle



and release mechanism used, see Davis 1934, Section II. Min. Agr. & Fish.
Vol. XIV, No. I.

That mere enlargement of the mesh produces a savings effect has been

demonstrated by many workers , among them, Fulton 1894, Todd 1911, Borley

and Russell 1922, Russell and Edser 1926, Bowman 1928, Borowik 1930, Buch-
anan-Wollaston 1933, Davis 1934, Herrington 1935,

The results obtained by these workers are given in the summary at the

and Marchand and Taylor

1936.
end of this paper.

The importance of the fact that enlargement of the mesh produces a

savings effect is brought out by the following statement of Davis (1934a ) —
"the fact, that a savings effect can be produced by mere enlargement of

mesh is of considerable practical importance. In attempting to produce any

form of gear calculated to save undorsized fish in a commercial fishery, it

must be remembered that such a gear must be acceptable to the industry con-
In other words, the standard type of gear that has been evolved by

the industry—the trawl—must not bo modified to any appreciable extent so

as to make it more expensive to produce, •unhandy to use , or difficult to

mend.

cerned.

More enlargement of meshes carries with it none of these disadvantages."
( 2 ) Specialized Tÿpos of Saving^ Gear.

In this section are discussed modifications affecting the design of

These include the use of "square" mesh for the cod end and the

introduction of various frameworks and supports to keep the cod end open.
the net.

( a ) Holt in 1895 appears to have been the first to try experiments

involving a change of design. He first tried making the cod end with square



At first he found this not caught con-instead of normal diagonal mesh,

siderable less small fish than the normal net. However, after a period of

the square meshes pulled out of shape and the difference between the two

He also points out that in a square meshed net,
use

became inappreciable.types

to obtain equal strength to a diamond mesh not, the twine must be of twice

the thickness, thereby adding to the weight of the net and cutting down the

He next tried tying the open cod end to an oblongsize of the opening.
wooden frame across which were stretched square meshes of stout twine, so

that it formed a terminal wall to the net. He claims that , tested against

cod ends of the same mesh, this net gave most satisfactory results. As a

neans of strengthening this terminal wall he suggests that the framework

might be made from tubular metal, such as aluminum, and the meshes be made

Such a method as this would not likely find favour with theof wire rope.
fishermen as the net would be clumsy to handle as well as hard to open and

close. Holt, unfortunately, gives no data as to the selective action of the

various gears tested.
( b ) Todd (1911) fitted an oval iron hoop, 139x88 cm. in the rear end

of the cod end of a 45 foot beam trawl. The meshes in the cod end were
t

2.8 cm. ( length of side ). Fitting a single hoop would have no tendency to

standardise the shape of the cod end meshes, which would vary continuously

from meshes near the hoop to those farther from it. The meshes would tend

to take the shape of the meshes of an unsupported cod end the further they

were from the frame. All meshes would , however , tend to be held rather more

°Pon than they would in an unsupported cod end.
Buchanan-Wollaston (1929 ) in analysing the results Todd obtained for

.



plaice with this net and a similar net with an unsupported cod end, found

that the fitting of the hoop did not increase the sharpness of selective ac-
tion but has given selective action freer play.
the constants Buchanan-Wollaston calculated for Todd’s experiments.

The following table shows

Table V.
Todd

Hoop fitted
Todd

Unsupported Cod end Gelder Cod end
30.42 30.35 53.85Coefficient of Sharpness

14.17 cm. 11.13Steepest Pt, or Pt. of
Inflexion. 17.28cm. cm.

$ Retained at P.I. 59.05 62.91 52.79

25$ Retained at 13,12 cm. 16.69 cm*

50$ Retained at 14.37 cm. 11.185 cm. 17.23 cm.
75$ Retained at 15.22 cm. 12.09 17.72cm. cm.
Stand. Dev. of Curve 1.068 cm. 0,917 cm. 0.66 cm.

69.89 $ 89.66$Area of ^ Curve 81.43 $

The above table shows clearly that the fitting of a hoop, while it did not

increase the sharpness of selection, allowed fish of a larger size to escape.
Here again the objection to this method is that the hoop in the cod end

makes the net more cumbersome to handle.
( c ) The Gelder Cod end.

No detailed description of this type of cod end has been found.
Two references to it are:

1. Anon:

"The Savings Trawl" — Amsterdam 1929.
2. A brochure "The Savings Trawl", prepared for the meeting of



/
/

the international Council for the Exploration of the Sea—London 1929,

These two references may be one and the same,

Harrington (1.935 ) describes the Gelder cod end as having two rigid

iron frames, one at either end, which serve to hold open the square mesh

top of the cod end and the diamond mesh on the sides,

Euchanan-7'ol.laston (1929 ) states that the Gelder cod end , as com-
pared to Todd’s modified cod end, is very much sharper in selective action

thin the lattor (e.g. 55,85 and 30,42, see Table V ) and that the Gelder

cod end follows the law of chance selection much more nearly ( Area 89,66

on

and 81,434$ and percentage at the median 59,059 and 52,793) , However he

points out that the mesh in the Gelder cod end is 8 cm. stretchod as com-
pared to 5,6 cm, stretched in Todd 's experiment. If the effect of this in-
equality of mesh were equalized, then it would be found that Todd’s net

would release more small fish ( plaice ) than the Gelder. His explanation

of this is that the meshes in the Gelder cod end are probably much too

square to give the best results with plaice and if enlarged to give equal

results in the saving of small plaice , a large proportion of marketable

round fish would escape. He suggests that the Gelder cod end would give

more satisfactory results if the meshes were held in a longer diamond shape.
If this wore done he says "the position of the curve of selection might bo

expected to coincide vith that of a one ring cod end , while the much great-
er selective sharpness of the Gelder would make it on ideal instrument for

the release of young fish while avoiding the loss of those of marketable

size,"
Davis (1934 ) criticizes the Geldor cod end from the standpoint that

1t is cumbersome to handle and that there is a tendancy for the trawl

i



when fitted with it to become split with abnormal frequency.
( d ) The Ridderstad Trawl.
(e ) Davis (1934 ) carried out a short series of experiments with normal

meshes treated so as to give a larger lumen—Longitudinal lines were run down

the cod end and stopped on to the meshes at intervals so that the direct

strain was taken off them. A few hauls were taken and the data procured show-
ed no sharpening of the selection; the reverse was the case.

Herrington (1935 ) tried the same method, running six longitudinal string-
ers along the cod end, equally spaced about the circumference. The stringers

wore securely lashed to each knot to hold the mesh fully open, even when a

considerable strain was exerted on the cod and mesh by the catch. The cod end

was of 5 inch mesh (measured between knot centres of stretched mesh ). He was

able to observe the nets and to obtain measurements of the sizes of mesh as

the net was being towed. The following two diagrams show the sizes of mesh

in various parts of the nets as they are towed with a small catch. A is the

cod end without stringers and B that with stringers.
Thus it will be

5 ft.5 ft.
seen that the

3 1/2 ft. 3 1/2 - 4 f t.
stringers both/N/VA/N /'VAV v

>* a "1 - 1 1/2 ft . hold the mesh3 - 3 1/2 f t.
open better and*r2 1/2 - 3 f t. also hold the cod3 1/2 - 4 f t.
end in a more

Without stringers . i t h stringers uniform shape.
Herrington (1935 ) gives the following selection constants for haddock

for these two cod ends:



Without stringers With stringers

1st trip - 85 C _ = 87Cs
2nd trip C = 82 Cs = 80

Cs = S*
s

3rd trip c3 = 88

Harrington finds that the reversed effect for the 2nd trip does not appear

significant due to the proportion of small haddock taken on this trip.
Davis makes no statement as to the type of fish caught during the ex-

periments using stringers on the cod end.
round fish were taken, this might account for the discrepancy between his

For it seems possible that in unsupported mesh,
that is one with a longer diagonal exis, would favour the escape of broad

flatfish and hinder the escape of round fish, while a supported mesh, with

a shorter diagonal -0x13 and a more nearly square lumen, would give the re-
verse effect.

If broad flatfish rather than

results and Herrington's.

(f ) Davis (1934 ) also carried out experiments using what he terms a

"kite” mesh. Here alternating rows were braided on different sized spools,
thus producing a kite shaped mesh. He states the object was "to see if it
were possible thus to approximate inter se the sizes at which flat and round
fish were released. The experiments wore carried out by means of a trouser
trawl, but as the legs of the cod ond were not changed over between hauls, it
is considered that the data may be unsound,"

He does not include this data in his paper.
The method generally favoured by the majority of investigators ^ for

releasing undersized fish is that involving enlargement of the size of the
cod end mesh. This method produces an effective saving of small fish and



involves the least additional labour in the care and handling of the net.

of Results.Sunnary

In this section is presented a summary of the results of savings

The experiments
gear experiments carried out by various investigators,

covered are those of Todd 1911, Russell and Easer 1926, Bowman 1932,

Buchanan-Wollaston 1933, Davis 1934 and Herrington 1935.
ly covered net and trouser trawl experiments, with the exception of one

alternate not experiment by Herrington on haddock.
For covered net experiments the number of fish retained in the cod end,

the number of fish entering the net ( number in cod end plus cover ) anid the

These are main-

porcentage retained by the cod end are shown far each centimetre length.
In the case of trouser trawl experiments the numbers of fish held by the

small and large cod ends , the percentage that the catch of the large cod

end represents of the small are shown for each centimetre length. The

catches of the two cod ends are equalized in the manner described in the

section dealing with trouser trawl experiments before those percentages are

calculated.
These data are shown in the following tables for plaice , dabs, hadd-

ock, whiting and cod. ( Tables VI - XTV) . In each case the name of the in-
vestigator and the size of mesh (stretched diagonal length) used are given.
This mesh size in some cases may be only approximate , as it was converted

from the size given as length of side or as the size of the spool on which

ite mesh was braided to stretched mesh.
Selection curves for the various mesh sizes , for the species mentioned,



obtained from the data shown in the foregoing tables by plottingwere
length against the percentage retained at each centimetre length. These

curves are shown for each species in figures 2-6. The percentages are

plotted at the mid-point of each centimetre length group. It was not

found necessary to smooth the data for covered net experiments, except

in some cases where the number of fish taken were small; in these cases

smoothing was done by drawing the best freehand curve through the points.
For trouser trawl experiments it was found necessary to smooth the figures

obtained by expressing the catch of the larger meshed as a percentage of

The curves forthat of the smaller leg by a running average of three.
Harrington’s trouser trawl experiments are smoothed even more; first the

catch of each leg was smoothed by three , then the catches of the two legs

were equalized and the percentage of the catch of the larger represents of

the smaller was calculated for each centimetre length group. These percent-
ages were then grouped into two centimetre groups and smoothed again by three.
This is the anoothing procedure Iferrington adopted.

In trouser trawl experiments the greatest irregularities occurred at

the top ends of the selection curves. The numbor of large fish taken are

small and chance variation in the numbers of these fish entering either leg

will produce large variations in tho percentago , the catch of one leg re-
presents that of the other. This will occur even though tho catches of each

leg have been equalized in the manner described.
From each curve tho lengths at which 25$, 50$, and 75$ of the fish

were retained were found and the coefficient of sharpness of selection was

calculated by the formula credited to Buchanan-Wollaston and used by both



yCg « 100 ; Man - (03 - Oi)This formula is:Davis and Ifcrrington.
Min.

Wliore selection is perfect Cs = 100 and whore -one selection occurs Cs a 0.
The median, first and third quortilos and the coefficient of sharpness aro

shown in the following tables , ( Tablos XV - Tablo XIX) for each species for

the various nosh sizes used.
From these tablos and from the selection curves in figures 2-6, the

following conclusions aro drawn:

(1) An increase in mesh size rosults in a saving of small fish. For

example , in the case of plaice, 50$ of the fish are retained at 11.2 cm.
using a cod end of 2 1/4 inch mesh, at 16.2 cm. using 3 inch mesh at be-
tween 19 and 20 cm. using 3 1/2 inch mesh and at 24.5 cm. using a 4 inch

mesh. Similar results will be noted for the other species.
( 2 ) By supporting the roar end of tho cod end with an iron hoop

Todd increased not only the size at which the fish were released, but also

increased the sharpness of selection , example 86 as against 77, Haddock 91

and 58, Whiting 75 and 67; in the case of dabs, sharpness of selection

decreased (71 as against 84 ).
(3) Roundfish ( haddock, whiting and cod ) are released at a consid-

erably greater size than broad flatfish such as plaice , for the same
sized mesh.

(4 ) it will be noticed that in general in trouser trawl experiments
the coefficient of sharpness of selection is greater than in covered
Qxperiments and that fish are released at a larger size,

conclusions of Davis 1934, that covered net experiments give minimum values

net

This bears out



for selection, due to the action of the net cover in altering the draught

of water through the net, and in tending to cover some of the cod end

meshes.
The results presented hear out Borowik and Davis conclusion that

enlargement of the mosh size without any other modification to the net

forms an effective savings gear for releasing undersizod fish,

tunately no data on the selective action of modified trawls such as the

Unfor-

Geldor and Ridderstod trawls, are available for comparison with the se-
lective action of unmodified trawls. The only data available on the se-
lective action of the Gelder cod end as compared to the normal cod end

is that of Buchanan-Wollaston (1929 ) , This has been discussed in the

soction on the Gelder cod end.
Conclusion.

The general conclusion reached is that enlargement of the mesh size

of the cod end forms the best savings gear developed to date for the re-
lease of undersized fish. Enlargement of the mesh here , while providing

for the release of small fish, is not subject to the difficulties of man-
ufacture , handling, and mending to which the more complicated types of

savings gear are subject,

selection may be obtained at increased inconvenience to the fishermen.
In some of those typos a greater sharpness of

Henco those typos are not likely to bo readily accepted by tho

trawling industry. Therefore , enlargement of the mosh of the cod-end is

considered to be the most acceptable form of otter trawl savings gear

ynt developed.
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Table VI PLAICE COVERED NET EXPERIMENT

Showing for each centimetre length, numbers of plaice retained by cod end and
Todd Buchanan-

lengthj Davis Tbdd Beam Trawl . Wollaston
in I Otter Trawl Beam Trawl 2 1/4” suppor- Otter Trawl

Cent!-; 10 cm.- 3” 2 1/4” tod by hoop 3 1/2” at Poole
motresj 139 x 88 enul

No. No.

cover and percentage retained by cod end&
Buchanan-
Woliaston

Otter Trawl
3” at Beer

Buchanan-
Wollaston
Otter Trawl

3 1/2” at Beer

%No. %No. No. No.
in in

Cover Cod |Cod
end end

ANo. No.
in in
Cod Cover
end

%No.|No.
in in

Cod Cover
end

No. No.
in in in in in in in in in in in in
Cod
end

Cover Cod
end

Cod
end

Cover Cod
end

Cod
end

Cod
end

Cod
end

Cover Cod
end

5 37 0 1 0
6 662 10 0 1 0 1 0 2 0
7 2192

1802
0 2 15 12 7 0 2 0 9 0 9 0

8 0 12 43 22 5 27 16 11 0 21 0 34 0
9 14 601 2 12 35 26 7 90 72 6 0 36 0 2 40 4
10 6 ; 177

19 332
3 38 3570 12 115 94 1 5 17 1 174 17 0

11 5 135 94 59 17 181 8 3 0 2 80 2 6 0
12 52 549 9 367 53 87 30 158 16 1 3 25 56 0
13 193 146 14 521 18 97 11246 29 15 0 5 0
14 433 1350

1064
24 483 5 99 80 67 54 1 20 5 1 5 17

15 565 35 542 100 109 22 83 1 42 2 3 5 37 17 0
16 662 533 55 418 1 100 101 3 97 3 40 7 107 41 2 21 9
17 1028

1773
2113
2810
2942
2856
2714

+ 7097

300 77 400 1 100 113 1 98 30 280 2 93 294 12
18 88 95 400 1 100 81 100 3 26 10 51| 100 6 32 16
19 1* 99 342 100 63 2 97 4 14 22 41 2 95 16 10 61.5
,20 1004 2697 304 6 3 10066 44 21 5 81
21 2 100 17 88 137 1894 1 94.7
22 2 100 1004 15 100 9 100
23 4 100 10 100 6 100
24 1 100 1009 1007
25 3 100 11 100 5 100
26 7 100 5 100 7 100
27 1 100 1005 7 100
28 100 1003 7 8 100

5 !29 1 100 100 6 100
30 1002 1003 5 100
31 1003 5 100 1006
32 2 100 2 100
33 Hoo3 4 100
34 1003 1004

|



TROUSER TRAWL EXPERIMENTSPlaiceTABLE VII

Showing for each centimetre length the number of plaice retained by the
and small meshed legs and the percentage the catch of the large repre-

The catches of the legs are adjusted, the percentage
large
sents of the small,
calculated and smoothed by 3.

Russell and Edser
Otter Trawl

3 1/4" 4"

Buchanan-Wollaston
Otter Trawl

3" 2 1/2”

length in
Centimetres

4" as
# of

4” ; 5 1/r
No. in Noj
1/4'' in I

No.in
2 1/2”

3” as
% of
2 1/2»

No.
in3
3”

I
v 5
6
7
8
9

210
11

1 112
13 110 ! 3 3

114 32 27 40 6
15 2 48 1062 6 7
16 149 8 386 6 30
17 284 ! 18 22 68344
18 1720804 25 854
19 1105

1286
1398
1211

11 15 8544 4
1620 10 93547

21 841083 7 7
22 127 15 11 865
23 231 10785 31 7 83
24 • 92564 52 8299 6
25 312 258 5 92773
26 189 157 131'5i 84 '7
27 111 2; 78 5 30796
28 256 ! 65 638
29 19 224 76 2

: io 130 21 72 4
31 117 7 88
32 1105 123
33 33
34 22 3
35 11
36 11 1
37 1
38 1
39
40 1
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COVERED NET EXPERIMENTSTABLE V1IX DABS

Showing for each centimetre length the numbers of dabs retained by the cod end and

cover and the percentage retained by the cod end.
Buchanan-
WoUaston
Otter Trawl

3 1/2»

Russell and
Edser

Otter Trawl

Buchanan-
Wollaston
Otter Trawl

Todd
Beam Trawl

2 1/4» supported
by hoop 139 x 88

Todd
Beam Trawl
2 1/4”

Todd
Otter Trawl
2 1/4”

Length
in

Centi-
metres 3"2»

%%%%% No. No.% No.No. No.No.No. No.No. No.No.No. in in inin inin inin in in inininin in in inin
Cod Cover Cod Cod Cover CodCod Cover Cod Cod

end
Cod Cover CodCod

end
Cod CoverCod Cover

end end end endend end endendend end

112 28 0 05 30 0 9 2
6 8131 1 1 0 012 0 20 75 0

1 18 171 11 0 3 49 0 07 5 2 5 29 3 222
21738 19 7 0 48 0 55 20 24 44 532

96 961410 48 284 727 4 55 5 09 9 22
3610 19 114 14 19 12070 20 33 70 32292

26314 2815 174202 57711 54 43 37 74 33 1 0
17612 521 151 6148 58594 23 555 12823 202
396 36 62693 875 78 6213 248 108 52 577 90 19 102

706 66 66 646800 961070
1202

14 53 10594 97 21 1 8 11 27 0
3161083 1615 154 78 515 1077 23 97 75 3 3 2399 0

16 116 963 4689 8 91139952 10099 520 1. 7 02 0
692 165748 14 9817 7 17 67389 10099 95 50 12 2 2 2

18 388 137 8 67524 3 399 99 94 247 1 12 4 20
9633819 270 4 99 73 1105 100 502 2 2

183 1 51223 99 8820 2 97 14
21 194 132 58 98 85 12 4

96 6295 1 639 9722 5
78 72 123 30 95 30 3 3

36114 624 35 1002 12
8525 37 12 6100 20 3

26 67 1652 100 10 3
27 15 2
28 1 3
29
30 2



TROUSER TRAWL EXPERIMENTSDABSTABLE IX

Showing for each centimetre length the number of dabs retained by the
large and small meshed legs, the percentage the catch of the large represents
of the small.
culated and smoothed by 3.The catches of the legs are equalized, the percentage cal-

Russell and Edser
Otter Trawl

length in ,
Centimetres:

3 1/4" 4" 4" as
% of
3 1/4"

5
6
7
8
9

11 210
211 27 3
2 412 77

13 123 5 4
164 514 7

10138 615
13 816 161
19 817 238

216 18 818
1519719 9

10191 2120 i

! 12 •21 223 26
17195 2422 i

122 243423
24 3424 74

532325 56
26 7626 30

8824 2427
671028 13

1229 3 67
1 75
. 133

2 230
1 131
1 232
233

134
135

!
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TABLE
Showing for each centimetre length the numbers of haddock retained by the cod endand cover and the percentage retained by the cod end.

x HADDOCK COVERED NET EXPERIMENT

Length Todd
Otter Trawl

2 1/4"

Todd
Beam Trawl i

2 1/4"

Todd
Beam Trawl

Davis
Otter Trawl

10 cm. s. 3-3 1/2"

Bowman
Otter Trawl
3 - 3 1/4"

1in
Centi-
metrea

Supported by
139x88 2 l/4ft.

N b. N o. %
in in ! in
Cod Cover Cod
end ; end

No. I No. No. %No. No.
in in

Cod Cover
end

No. j N o. , %
in in

Cove if Cod
end

No.
in in in
Cover Cod i Cod

end i end

in in in in inCod
end

Cod
end

Cod
end

Cod
end

Cover

5
6 3 0
7 8 1 140 0 08 8 0 89 09 1353 0 010 136 ;

128
0i11

2 00
!12 15V 2 320 613 2 231 .16 3914 67 37 4

5 ;l 1815
2380
1199

14 428 1 88 52 08 576 I
j15 6 i 1186

99 ! 1977
230 ' 2457
539 * 4070

2025 ! 7244
4822 I 11099
8755 10527
7908 4519
8663 1939
8477
8576
6185
6407
7161

119 50 530 4
16 16 5

16 3 5 646 77 7
I 7

17 53 19 2 35 505230 43 4 918 173 100 12 31 11366 32 5 5 2472

15
19 240 201 10 81 11 22 6155 3464

1882 11 189 880
20 403 88 14 8 3065

1360
1535
1532
1262

21 31 10 513 27564 95 4532 4 37
862 36

22 1127
2458
2844
2570
1802
1271

58 10 2922 98 6424
10 18 82 1359

1863
2323
1757
1540
1173

23 100 84 2 473
24 1005 83 3 3 50 527 609425 100 733 100 98 84986 3 20526 100 1 82 332 841 50 99

10927 100 192 894 62 9928 934 120 29 956729 +3660 614 100 734 9524 4030
10 9964531 408 98732

320 4 9933 250
18534

98235 21436 + 755
I



TROUSER TRAWL EXPERIMENT .HADDOCKXI

The catches of the legs
have been equalized and the percent the catch of the larger represents of the smaller
smoothed by 3•

Herrington’s results are shown only in the grouped, smoothed form.
Showing the numbers of Haddock caught by each leg.

Russell and Edser
Otter Trawl

3" catch adjusted
to 2" catch. %
smoothed by 3.

No « j No •
in i in

Length
in 2 cm.

^Groups

Exeter III
4 3/4" single

Twine

Exeter I
5" Double

Twine

Exeter II
4 3/4" single

Twine

3" as
% of

No. Strin-
gers

No. Strin-
strin- gers
gers

No. Strin-
gersstrin-gers

strin-
gers2”3”2»

30-31
32-33
34-35
36-37
38-39
40-41
42-43
44-45
46-47
48-49
50-51
52-53
54-55
56-57
58-59
60-80

810 11 83 05
6 10 145 796

1610 11 147 77
20 12 18 18 5118

628 17 1834 239
56 26 36 114410 25

6469 38 2111 5137
6765 5888 9812 54

67104 109 10313 8274
11514 113 81 12577 95

11615 113 90 87 8799
16 96109 8999 93 94
17 3 108 10199 95 909518 2 1022 10199 10494 9719 19 3 91 101 105 11293 996020 1 4 88 100 108 117 10397
21 6129 4
22 182 13 9
23 16203 35
24 195 45 24
25 131 3640
26 98 54 47
27 6795 54
28 103
29 129
30 130

91 77
86110

108 9331 86 10495
32 72 1168433 33 1254034 25 1113535 27 1032036 9 76937 7 4 7838 5 82239 3 81340 1 1



'
TABLE XII HADDOCK ALTERNATE NET EXPERIMENTS.
Showing the relative catches of the 3" and 5" cod ends. The catch of the

5” cod end is expressed as a percentage of that of the 3" cod end smoothed by 3.

length !length HERRINGTON
OTTER TRAWL

HERRINGTON
OTTER TRAWLin in

iCms. Cms.
No. in I SnoothedNo. in Smoothed

%
Cod end , Cod end 5” as $

of 3”

i No. in No. in
%3" 5" 3" 5"

Cod end cod end 1 5" as % •

of 3"

14 2 ! 48 495 455 90
15 3 49 440 399, 93
16 4 50 355370 96
17 3 51 329 329 99
18 3 29152 298 103
19 2 53 269 286 105
20 3 4- 54 248 264 106I

! 921 1 55 2456 260 104:
2622 2 9 56 256 255 102i I

23 36 3 8 57 239 239 101
24 52 8 217 2244 i 58 104
25 74 8 178 1096 59 193
26 141 13 150 174 1119 60
27 235 !20 1399 61 128 107»
28 397 33 114 1099 62 95II
29 480 11444 9 9163 84i :
30 465 51 11 10364 79 80
31 343 1342 65 88 72 81

I32 236 1535 66 69 58 87
33 162 1728 67 53 50 89I128 I 1834 26 68 45 40 99

16106 17 31 10135 69 35
14101 1236 70 26 26

37 105 1 14 15 16 1671
123 | 25 11. I 1438 20 72
167 28 !39 7346 9 7 ]!
245 8 540 87 37 74

41 1 v327 153 46 75 7
i f42 234 54 76437 4

521 : 5 2 8043 323 60 77
78 3 ^ 344 604 387 66 i

i3 ;611 345 436 72 79
i

471 80 1/590 8046 i

8747 540 477

!

!
5!
1

i
i
I



TABUS XIII WHITING AND COD COVERED NET EXPERIMENTS.

Showing for each centimetre length the numbers of whiting and cod retained by the cod end and cover
and the percent retained by the cod end,

C O DW H I T I N G
ÎODD

Ott̂ r Trawl
£ 1/4"

TODD
Beam Trawl
2 1/4"

TODD
Beam Trawl

2 1/4" support-
ed by 139x88
cnit hoop,

TODD
Beam Trawl

2 1/4"

TODD
Otter Trawl
2 1/4"

TODD
Beam Trawl
2 1/4" support-
ed by 139x88

cm.hoop.

!

No.|No.
in i in
Cod Cover
end |

% % j No. | No. , %
in ! in i in in

Cover Cod
end

*No. No.
in in in
Cod Cover God

end

No.: No.
in in in

Cod Cover
end I

No. I No. No. No
in in in inin in

Cover Cod Cod j
end end i

Cod
end

Cod
end

Cod
end

Cod
ond

Cod
ond

Coveri I

end
!

15
116 !

1 1187 !
1 81 1 1 508 0 4 {

111 151 10 2909 i

117 26 110 2 333 60
21911 24 6 330 6 37

1812 2 10 14 21 2554 9 37 4
310 13 20 56 2613 68 36 68 35

15 2 6258 108 19 22 014 85 6944 44
2!18 16 1106 136 112 19 66 615 469 55 99

21 57 11 216 114 442 142 79 7 464 0
41 2124 15 217 101 357 73 022 46 7

116 20 342 118 232 25 149 84 876 29 4 I

2 25 519 148 225 174 19 640 940 90 4
96 21 58 2 6329 286 184 8 554 8 30 720

3166 10 15 28 35 3 3 50 221 436 273 62 94
125 5 2 71 1458 165 146 5 2722 74 97 9

1923 11 11 100 I 5332 84 116 3764 \

1 1 5012 13 1448 424 250 29 7390 !
5016 2 213 325 191 6 97 6846 6

1 1 50165 5 !141 10 93 5526 28 6
327 20 3151 1 31 9 1 9099 it

100 21 16 128 9499
i129 1 13 9083 99 9

68 8 630 i

31 36 10 5 I.
1532 40 i

61 12 633*
ii



WHITING AND CODTABLE XIV TROUSER TRAWL EXPERIMENTS

Showing for each centimetre length the number of whiting or cod retained by
the large and small legs, the percentage the catch of the large represents of the
small. The catches of the legs are equalized. The percent calculated and smoothed
by 3.

! tW H I T I N G C O D
length Russell and

Edser
OTTER TRAWL

i Russell and
Edser

OTTER TRAWL

i
in

Cms.
2" 3” 3” as

% of
2" i 3" 3" as

% of
2" 2"

5
6
7
8
9
10
11
12 1
13
14
15 4
16 15 1
17 70 2 2
18 180 4 1
19 1254 1 8
20 179 2 0 6 1
21 149 2 1 20 1 5
22 207 5 3 19 2 9
23 260 13 4 23 1 7
24 277 15 6 18 1 9
25 161 213 9 32 12
26 105 13 219 3 20
27 85 5 13 17 5 27
28 36 7 20 19 417
29 36 13 28 15 9 46
30 22 6 46 18 7 46
31 16 12 70 1027 55
32 12 13 72 24 20 72
33 9 3 60 22 21 88
34 10 1244 24 20 . 83
35 2 6 113 34 24 88
36 3 150 18 20 85
37 2 3 23 18 82
38 2 2 21 13 80
39 2 1 14 14 90
40 19 20 110
41 9 11 141
42 10 20 151
43 10 14 197
44 104 165
45 8 8



PlaiceTable XV

Mad. $3 csMesh. SizeInvestigator Tyne of
Net

Q.1Type of
Experiment

2 1/4" 9.4 11.2 12.0 77Covered net Todd 1911 Beam

2 1/4" supported
by iron hoop 139

x 88 cm.
13.2 14.3 15.2 86Todd 1911tt Beamt t

16.2 16.7 91Buchanau-
Wo11aston

15.3Otter 3" at Beerttt t

14.6 16.25 17.4 83 ,t t Davist t Otter 3"
3 1/2" at Poole 20.2 20.8 9519.7Tt Buchenon-

Wolie3ton
Ottert t

3 1/2" at Beer 18.8 19.3 20.1 93t t Buchan an-
Woliaston

Otter

16.7 17.1 17.75 94Buchanan-
Wolleston

Otter 3"Trouser
Trawl

23.4 24.5 25.3 92Pussell end
Baser

Otter 4"Trouser
Trawl

Cs = 100 (Mdn - ( Og - Q#1) )
Man.

Table XVI Dabs

Type of
Experiment

Investigator Type of
Net

Mesh Size Med. QgQl cs
Covered Net Bussell and

Edser
Otter 2" 10.7 12.0 12.75 83

t t t t 2 1/4"Todd Beam 11.4 12.65 13.4 84

t! I I Todd 2 1/4"Otter 13.0 14.4 15.4 86

t t t t 2 1/4" supported
by hoop 139 x

88 cm.
Todd Beam 12.1 14.3 16.3 71

t t t t Buchanan-
Wo11aston

Otter 3" 15.8 17.5 18.75 83

Trouser
Trawl

Russell nad
Eiser

23.7 25.5 26.5 89Otter 4"
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AFEERDIX I

The Ridderstad Trawl.

Ridderstad reports a series of related experiments developed on

assumptions of the necessity of the savings gear not being

(1) more difficult to handle

(2) weakened

(3) reduced in hauling capacity

(4) more expensive

His most promising results came from using gear in which a special savings

portion 2.3 m. long was introduced into the anterior part of the codend of

This savings portion consisted of three similar rigid supportsthe net.
rectangular with v/oll rounded corners, placed at right angles to the net. A

diamond-shaped support was made by joining the middles of the adjoining

straight sides of the rectangle and from this diamond-shaped support were

tightly stretched rectangular meshed (parallelogramic) web panels with meshes

(10 cm. x 5 cm.) placed with the long axes across the net. To avoid stretching

or breaking meshes strong supports limited the maximum distance between the

three supports. Four lead nets were inserted inside the net to direct the

fish against the savings panels.
A study of the table shows that the areas of selection arc too small for

British Columbia needs but adaptation of the principle should bo worthwhile.
The following comments are offered on the operation of the trawl.
(1) The savings part never tears

(2) The lower window automatically removes sea urchinB 9 jellyfish,

>:ud, refuse, sm .11 stones and the like, while

(3) large stones remain in the uppermost frame.



Lat. 58°Table II: Station Masoskar:
3’ N. long. 11°4* E. Dopth, 130 m.
Timo trawling: 4 hrs. October 1915
(Hauls no. 58, 63, 70, and 71). Round-
fish (Cod, Haddock and Whiting).

Lat. 55° 19 » N.
Time

Station Ystad:Table I:
Long. 13° 52’ E. Depth: 38 metres,
trawling:
(Hauls no. 30-46).Flatfish (Plaice,
flounder, and Dab).

16 1/2 hrs. September, 1915.

<f0 SavedReleasedCaught% SavedReleasedCaughtCm.
100224-5
5512226-7 601863098-9 81332409606921158

2475
3011
4355
3728
3426
2579
1705

10-11
12-13
14-15
16-17
18-19
20-21
22-23
24-25
26-27
28-29
30-31
32-33
34-35
36-37
38-39
40-41
42-43
44-45
46-47
48-103

873980
3665
1504

4553
4465
1968

601476
1790
2278
1727
1708
1026

8259
7652
6750875546
6420432049
6014824643
5816829231531
49180 891395748 344212339317 26281081.42147 1198251 5.347531 “296

225
113
51
3
3
34

i-
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Appendix II.
The Swedish Saving-trawl.

0. Pottersson followed Ridderstad 's idea of having the fish in

passing to the cod-end of the net led closely against upper and lowor

This savings gear isescape-windows of unalterable rectangular meshes.
Details of how it issewn between the belly bating and the cod-end.

supported are not very explicit but as the author apparently eschews rigid

supports it is presumably by moderately heavy ropes made fast to the rib

lines.
Most of Pettersson’s report deals with the small size of fish

taken on European fishing grounds and quite properly decries the small

fish on which the fishery has come to depend.
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