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Three experiments were conducted by personnel of the Bureau of Com~
mercial Fisheries’ Woods Hole Laboratory during 1964 to determine the size=
selectivity and relative catching efficiency of 52, 71, and 73 mm mesh (2,0,

2,8, and 2,9 inqhe-B)'l'l. nylon codends for silver hake {Merluccius bilinearis)

and red hake (Urophycis chusgs), This information was needed to assess the

effect of the larger mesh on commercial catches,

The Delaware, a research vessel of the Bureau, was used for the first
experiment, in which personnel of the Exploratory Fishing and Gear Research
Base at Gloucester, Massachusetts, cooperated, The object was to obtain
estimates of selectivity of the 52 and 73 mm mesh codends, and to comparta
estimates of selectivity obtained with covered and uncovere_d codends, Com~
mercial fishing vessels were used for the two subsequent experiments to esti-
mate selectivity of 2 71 mm mesh nylon codend in actual commercial operations,

A typical vessel in the Gloucester, Maas,, fleet was chogen for the first
of the commercial trials, This fleet currently uses a 50 mm (2, 0 inches) mesh,
nylon codend and lands silver hake almost exclusively for human food, Two
typical vessels of the Pt, Judith, Rhode Island, fleet Weré used in the second
commercial trial, This fleet lands silver and red hake primarily for industrial

purposes (i, e, , meal and animal food), and currently uses a small mesh (33 mm,

1, 3 inches), nylon liner in the codend,

1/ Stretch measure of wet mesh, after use, using an ICES gauge (Weathoff et
al,, 1962) at 4, 4 kilograms of preasure,
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Fishing areas providing a high proporiion ¢f silver hake in catches
wefe chogen, because this speciecs was of primary interest, Red hake were
caught incidentally during the Delaware experiment, and a one~day experiment
at Pt, Judith was conducied to provide additional data, HRelatively small
amounts of other species were caught, but are not congidered herein,

This paper presents the procedures and results of the three experi-
ments, and considers the probable effects on commercial catches of the use of
the larger mesh,
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Experimental Procedure and Meihods of Analysis

Delaware Experiment

The experiment was conducted from 29 June through 6 August in the
near-ghore area of the Gulf of Maine, The trawl nel was similar in construc=-
tion to that used by commercial fishermen, with 84 min {2, 5 inches) mesh of
No, b4 thread, cotton equivalent nylon throughout the wings and body,

Two series of 30 tows were completed, Within each series, 5 succes=
sive tows on both the port and starboard sides of the vessel were to be made
with each of three types of codends: a 52 mm mesh covered with a 31 mm
mesh (see Clark, 1963a for methoci of attachment), and a 52 and a 73 mm mesh,
both without covers, The codends and vessel sides were used in random order;

the tows averaged about three~quarters of an hour,

D3



As with most experiments at sea, operationsl exigencies modified
the procedure, Two serious tear-ups caused more tows to be made on the
starboard side than the port side in the second series, The resulting ar-

. ray of tows was as follows;

Codend mesh (mm) 52/31% 52 73 Total
Side Port Stbd, Port Stlod. Port Stbd,

Series 1 5 5 5 5 5 5 30
Series 2 2 8 5 5 4 6 30
Total i 13 10 10 9 il 80

All fish from a representative, 2-bushel sample from each tow were
measured, weighed, and counted, In occasional éatches of less than two
bushels, all fish were measured and counted. The total number of bushels
in each tow was also counted, The total number and total weight of silver
and red hake in the tow were eatimatéd by multiplying the estimated num-
ber and weight of fish per bushel by the total number of bushels, The
length~frequencies of the fish in the sample were uéed to estimate total num=-
bers caught per 3 ¢m length interval,

Retention curves for the 52 and 73 mm mesh codends without covers
were drawn by plotting for each 3 cm interval the ratios of the estimated
numbers of fish retained in the larger mesh codend to that retained in the
codend covered with the 31 mm mesh (including fish in the cover)., The 31
mm mesh is fine enough to retain nearly all of the sizes of fish available to

the trawl,

* 52 mm covered with 31 mm,
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The selection curve for the covered 52 mm mesh codend was derived
by estimating the ratios of the number retained in the cover to that retained
in the codend plus cover.

The average length at which 50 bercent of the fish were retained was
estimated from lines drawn by inspection through points of the retention
ratios plotted on probability paper, The selection factor is the quotieat of
the 50 percént length divided by the mesh size,

Gloucester Experiment

To maké the results of this experiment meaningful in relation to the
silver hake commercial fishery, it was important that the experiment be
conducted during normal fishing operations, This was accomplished by
placing a Bureau observer aboard a cooﬁerating Gloucester vessel, the
- Erances R,, a wooden dragger of 57 gross tons, during two regular one~day
trips, Thg vess_el used the experimental, 71 mm mesh codend on the first
day (30 September) and the standard, 50 mm mesh codend on the second day
(2 October), No changes were made in the net itself, and no covers were
used, The vessel fished in an area near "The Dumping Grounds'", about
12 miles south~southeast of Gloucester, Eight tows of two hours each were
made with each codend,

The procedure for sampling the catch was the same as that followed
.aboard the Delaware except that two~bushel samples of silver hake only were
measured and counted on all tows; the catches were all large, and almost -
95 percent silver hake, The mean weight per fish in each sample was
estimated by using a length-weight relation obtained from a special sample
of fish, The céptain's estimate of the weight of the total catch ~ usuélly a

reliable estimate = was divided by the mean weight per fish to estimate the
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total number of fish in the catch, This procedure was necessary because it
was impractical to count and measure the entire catch.

Pt. Judith Experiment

Two typical commercial vessels, the Nyanza and David D., wooden

draggers of 39 and 27 gross tons, respectively, cooperated in this experi=-
ment, Observers from the Bureau accompanied both vessels on three,
one~day trips, during which the vessels fished within 1 km of each other on
commercial grounds,

On the first of the silver hake trips (19 October), one vessel used
the experimental, 71 mm mesh codend attaclhied to the net normally used in
fishing, The other used the standard codend, 127 mm nylon mesh lined
with a 33 mm nylon mesh, On the second trip the vessels exchanged cod~
ends, In all, 21 tows of about one hour each were completed, of which 16
were sampled,

The red hake experiments were completed on a single subsequent
day (22 October), during which one vessel used the large mesh and one the
small mesh, Each vessel completed 4 tows of about one hour's duration,

The sampling and estimating procedures were the same as those

outlined for the Gloucester experiment,

Results
Silver hake
The data on catch and selectivity for each experiment and type of
codend are presented in Table 1 and Figures 1 - 4, There are several
aspects of particular interest,

The selection curve for the 52 mm mesh obtained from tows with the

covered codend is quite different from that obtained from alternate tows
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Table 1,-=-Catch and selectivity of silver hake, 1964,

Delaware

Mesh
size 31

Length int,

midpoint {(cm, )

12 136
15 . 1170
18 2183
21 1365
24 3496
27 9084
30 4696
33 3496
36 1558
39 586
42 229
45 102
48 76
51 51
B4 ———
51 -
60 ---

Total no, 28228

Total weight
Kilo's 4472
Pounds 9856

No. tows 20

Ers, towed 14.7

Wt. h
Y or 10Uy,

ihe, , 670

Ratio of wi,.
per hour o/ ===

Selectivity
50% length
(em,) 15.8
Selection
factor 3.2

1/<-Ratio of catch of larger mesh to smallest mesh in each experiment,

52

-

125
417
313
793
5239
5156
5260
2380
730
209
104
42
42

21

21

20852
4254
9376

20
14,6
291
642

0,96

26.4
5,08

73

59
79

463
2424
2168
2484
1222

473

118

59
49
29
10
5825
1975
4352
20
14,4
137
302

0.45

30, 4
4,16

Gloucester

50

71

Numbers caught
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70
406
936

2380
19640
18410

7085

1275

192

50625
7713
17000
4

8.0

965
2125

-

-

- -

14
82
125
792
5842
7035
4138
725
123

37

34
111
20

- -

14

19092

3176
7000

7.0

454

1000

0. 47

31.8
4, 27

Pt, Judith

33

85210
20417
45000
11
12,0

1702
3750

71

48
174
341

2614
5828
14889
11054
4733
3043
1101
400
200

44434

10662

23500

10
12,1

882
1942
0,52

29,3
4.13



without the cover (Figure 1), Both the 50 percent length and the selection
factor are lower for the former (15.8 and 3,2 vs, 26,4 and 5, 08, respective-
ly); the covered codend is retaining proportionately more of the smaller

fish, Esca};enient may be reduced by a "masking" effect of the cover;

small fish may also re-enter the codend when vessel speed is reduced during
haul-back, Clark (1963b) also observed this effect in similar experiments
with 80 mm codends,

There is a rather sharp size-selection in the uncovered 52 mm mesh;
the 25 to 100 percent retention is within a length range of 5 ecm, whereas
the range is about 10 cm for the 73 mm mesh, which exhibits a more gradual
retention curve,

Retention ratios greater than one were observed for the 52 mm rmesh
in the Delaware experiments and for the 71 mm mesh in the Pt, Judith
experiments (Figure 3), In alternate tow experiments, the retention ratios
are the resultant of two factors == escapement through the mesh and catch
rate, Ratios greater than one imply the larger mesh is more efficient,
providing both nets fished the same average population density. The retention
curves for the 73 mm mesh in the Delaware tows, and the 71 mm mesh in
the Gloucester tows (Figure 2) do not show this phenomenon; however, note
the fish length at which ratios exceed unity is rather greater in the 71 mm
mesh from the Pt, Judith experiments (36 cm) than in the 52 mm mesh
(29 cm). Even if relative efficiency is an important factor, it will only be
apparent when increased catch more than compensates for escapement, i.e,,
towards the upper limb of the curve, and this may not obtain for the larger
meshes over the size range of fish observed, Regardless of the underlying
« arees, the retention curves from alternate tows do portray, within limits
ot mé.mp]ing error, the expected effect in commercial application, This may
not be so for the covered codend results,
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Another important result is thé observed effects on total catch rate,
The 71 - 73 mm mesh codends caused a decrease of about 50 percent by
weight compared to the 31 or 33 mm meshes, In contrast, the Delaware
_ experiment indicated a loss of less than 5 percent with the 52 mm me sh
(Table 1),

The reduction of catch is also evident in comparisons of catches
made by the Frances R, using the 71 mm codend with those of vessels of

similar size and horsepower fishing nearby with 50 mm codends:

Catch

Vessel Hours towed Kg, Pounds
Frances R, 1.7 636 1400

e Flower 1.6 909 2000
Frances R, 2.0 1137 2500
Sebastiana C, 2,0 1362 3000
Frances R, 7.0 3181 7000
Barbara C. 7.0 6820 15000

The difference in catch rate is important in application,. but, of
course, depend on the length-frequency of the available population, which
varies in time and space, This subject will be taken up again in the sub~-
sequent section on commercial fishery application,

The retention curves obtained on the two days at Pt, Judith are very
nearly coineident and the data were pooled to provide a single curve (Figure
a). |

The overall uniformity of results of the several independent sets of
deta for the 71 and 73 mm mesh nets provides a fair measure of confidence
in the results (Figure 4), The retentioh ratios of the 71 mm mesh obtained
in the Gloucester experiment cannot be directly compared to the others i:e-

~oi5 % a larger base net was used (50 mm vs, 31 and 33 mm); therefore, the
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retention ratios in Figure 4 have been adjusted by the retention ratios of the
52 mm mesh estimated from the Gloucester experiment to make them more
comparable., The remaining small differences in mesh size betwezn vrperi-
_ments (31 ve, 33 mm, 50 vs 52 mm, 71 vs, 73 mm) are of little conse~-
quence in the final results, Thus, for a mesh averaging 72 mm, the 50
percent length and selection factor may be taken as the average of those

in Table 1, 29.8 cm and 4, 2, respectively,

Small numbers of fish beyond about 39 cm in our catches preclude
firm estimates of retention and relative catch of fish in that length category.
Note also the small catches in the Delaware experiment relative to the com-
mercial tows, This might affect the retention characteristics, although it
is not apparent that it has done so.

Extensive gilling of fish sometimes is observed in meshes that per-
mit some escapement, In all three experiments, gilling of silver hake in
the 71 and 73 mm codends was of the order of 0,1 percent; certainly not
of a magnitude fo cause concern, Those that were gilled were 26 to 41 cm
in length, with a modal length of 33 cm which is somewhat greater than the
50 percent length, More {ish gilled in the forward parts of the net than in
the codend, a fact which does indicate escapement through the forward parts,
but is of no practical concern here. These fish measured from 27 to 39 cm,
with a modal length of 33 cm,

Red hake

The catch and selectivity data for each experiment and type of cod-
end are shown in Table 2 and Figures 5~8, The total number of red hake
caught by the Delaware and the Pt, Judith vessels (no red hake were caught

ir "he Gloucester experiment) was far less than the number of silver hake
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Table 2,~-~Catch and selectivity of red hake, 1964,

-10-

Delaware

Mesh size
(mm, ) 31

Length int,
midpoint (em, )

12 4
15 20
18 44
21 54
24 28
27 18
30 38
33 22
36 24
39 36
42 76
45 40
48 - 24
61 8
54 12
57 --
60 -—-
Total 448
Total weight
Kg. e
Pounds -
No, tows 10

Hours towed 6,6

Wt. per hour
Kg. -
Pounds -

Ratio of we}ght
pesr hour 2 -

Selectivity
50% length
(cm,) 29,1
Selection
factor 5,6

i/ ~-Numbers adjusted to compené.ate for different fishing time,

02

o

13

. 8.8

' !
25,1
4,9

73

Numbers caught 1/

31,0

4.2

2/--Ratio of catch of large mesh to small mesh.
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Pt. Judith
33 71
1 -
4 L X ]
4 -
67 --
112 7
112 14
89 37
89 73
95 110
49 87
17 47
10 11
1 3
- 2
650 391
50 189
111 415
4 4
4,0 5,6
127 34
279 74
- 0. 27
- 36.5
- 5.1



-11-

caught, The Delaware fished known silver hake grounds and red hake were
an incidental by-catch, The Pt, Judith vessels {ished a ground that usually .
produces red hake but the fish were scarce the day the experiment took

' place, Thus, the volume of fish considered in these experine nts is less
than commercial quantities,

The selection curve of the 52 mm mesh derived from the covered
codend tows is not very different {from the retention curves of the same size
mesh fished without the cover, at least up to the 100 percent point (Figure
5). The 50 percent lengths differ by about 3 cm and the selection factors
differ by 0.7. In each case the covered codend values are lower,

Size selection is rather sharp for the 73 mm mesh, The 25 to 100
percent retention lengths are within 3 cm, whereas the same span for the
52 mm covered and 52 mm uncovered codends are 10 ¢cm and 7,5 cm,
respectively, Also, the reteniion curve for the 73 mm mesh is displaced to
the right of the curve for the 52 mum mesh by only about 4 cm, Al of these
results are in sharp contrast to those observed for silver hake,

The retention curve for the 71 mm codend used in the Pt, Judith
experiments indicates again a rather sharp selection (Figure 6), We also
note a proportionately greater release of smaller fish compared to the 73
mm mesh in the Delaware experiments; the 50 percent points are 37 and 31
cm, respectively.,

In all retention curves based on uncovered codends, ratios exceeding
unity were observed, and perhaps indicate a higher catching efficiency. How-
ever, the ratios from the Delaware experiment are quite erratic for lengths

greacer than about 39 em, and, therefore, do not provide clear-cut results,
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The data points for thé Pt. Judith experiment are somewhat better in this
regard, and indicate the same trends as observed for the silver hake,

The total catch per hour for all species in the Pt, Judith experinent
was 1931 kg (4250 pounds) for the 33 mm mesh codend and 503 kg {1307 poudds)
' for the 71 mm mesh codend, This is a rather drastic reduction; however,
it is mostly due to the reduction in catch of species other than red hake -~
silver hake, flounders, butterfish, and skates, The catch of red hake in
the 71 mm mesh codend was estimated to be 8 percent less than the catch in
the 33 mm codend., The average length of red hake in the 1964 industrial
landings was less than that observed during our experiments, Thus, in
actual practice the losses would be somewhat greater,

There was no opportunity to exchange codends between the two Pt,
Judith vessels to average out differences in catch rate., Therefore, we must
consider the results as provisional,

We have no observations of gilled red hake in the Delaware experi-
ment but we made some measurements in the Pt, Judith experiment, The
fish gilled only in the 71 mm codend, At the end of a 1.3 hour tow, 62 red
hake were gilled in the meshes., The gilled fish ranged from 33 to 46 cm in
length with the mode at 42 em, The codend catch for that tow consisted of
454 kg (1000 pounds) of silver hake, flounders, miscellaneous fishes, and

113 red hake from 33 to 56 cm long,

Conclusions
Silver hake
Silver hake is the most important single species in the industrial
<-«snhies, and is the basis of an important food-fish fishery at Gloucester,
P/i-'i“l‘.?l?.lChllsettB (Fritz, 1960; Edwards,.lssa; Edwards and Lux, 1958;

Edwards and Lawday, 1960),
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The results of the experiments make it readily apparent that the 71
and 73 mm meshes release a large proportion of the fish in the 25 - 35 cm
range -~ the size group which forms the bulk of fish available to commercial
trawl nets. The larger meshes do not release very many more of the fish
less than 25 c¢m in length than does the 52 mm megh,

We do not know the magnitude of long-term benefits -~ the gross
gain in weight less natural mortality -~ which might be obtained by post=
poning capture with the use of 71 or 73 mm (2.8 ~ 2.9 inches) mesh codends.
However, judging from preliminary estimates the growth rate of fish above
25 cm is rather slow and mortality is not low; therefore, it would be rather
optimistic to expect the benefits to compensate for the large immediate
loss of about 50 percent,

It is of interest, however, to consider the use of 52 mm (2, 0 inch)
mesh in place of the 33 mm (1.8 inch) mesh, The Pt, Judith fishery is
parucularly concerned, and we have calculated the immediate effects for
such a change by applying the retention ratios for the 52 mm mesh estimated
from the Delaware experiments to the average length-irequencies of the
Pt. Judith catches in 1964 (Figure 8), The weight units are in terms of
lengths cubed, and do not represent absolute catches, but are assumed to
be proportional thereto.

A gain of about 8 percent by weight is estimated for the larger mesh,
This is brought about by the apparent increase in catching efficiency, ex~
pressed in the retention ratios greater than one which coincide with the
peak length frequencies, Almost all fish below 25 cm would be released,

bnt they do not contribute much to the weight of catch,
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Red hake

Red hake contribute about 20 percent of the annual landings from the
inshore grounds at Pt. Judith (Edwards, 1958; Edwards and Lawday, 1960),
They make up about one-third of the landings in May, June, and July, There~
fore, the expected immediate loss with the 71 mm codend would be an im~
portant loss to the industrial fishery, Our data for the 71 and 73 mm mesh
codends show considerable loss of red hake less than about 30 to 35 cm,
but little loss with the 52 mm codend,

To estimate the effect of a 52 mm mesh on the catch of red hake by
the industrial fleet at Pt, Judith, we applied the retention ratios estimated
from the 52 mm mesh aboard the Delaware to the average length~frequencies
of the 1964 Pt, Judith red hake landings, The weight units are in terms of
lengths cubed and are assumed to be proportional to the absolute catches
(Figure 9).

The immediate effect of the larger mesh is a loss estimated to be
about 8 percent, A large prepcrtion of the fish below 24 cm would be re-
leased and enough of the sizes smaller than 33 cm to offset the gain in catch

of fish between 33 cm and 42 em,
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Figure 5, -~Retention of red hake in 52 mm and 73 mm nylon codends,
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Figure 6, --Retention of red hake in 33 mm and 71 mm nylon codends,

Pt. Judith,
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Figure 8, --Estimated weight at length in Pt, Judith catches of gilver

hake with 31 mm and 52 mm nylon codends.
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