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Introduction

This experiment was the first,fn a series requested by the New England
Regional Fisheries Management Council to provide a basis for evaluating the
effect on present catches which could resu1t from an increase in cod end mesh
size. |

The method chosen was to conduct a conventional selectivity experiment
comparing a commonly used commercial cod end with'a larger size, both under
actual commercial fishing conditions. These trials were perfdrmed'according
to international standards to allow for comparison with past research. The
goal was to determine the effects on catch composition of the two cod ends

© and obtain further selectivity data.
Selection Factor

thenfdiscu$sing mesh se]ectiyity‘the key term used is “selection factor."
The selection factor is equal to the 50% retention length (the length at which

half the Fjsh entering the net are retained) divided by the mesh size.

.50% retention length (mm)

Selection Factok = -
mesh size (mm)

This’stqgjstic is usually sufficient to'represent the overall selection prbcess
for most purposes, such as deriving the 50% retention length for other mesh
sizes.v‘Selectidn-fgptors vary with species, catch size, cod end material, and
length of tow. . |

Average mesh seTectToh factors (Table 1) fbr cod and haddock, obtained

from previous experiments with double-braided polyamide (nylon) trawl nets,
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were 3.6 and 3.4, respectively (Holden 1971, p. 40). For yellowtail floundep,
the average selection factor for polyamide twine was 2.3--a factor determined

from tests conducted by Lux (1968) aboard two New Bedford fishing boats
in 1967.

Choosing Cod Ends

In 1975; mesh sizes used in the USA Subarea 5 cod and haddock fisheries
ranged from 110-129 mm (4.3-5.1 inches), with the majority of co& ends examined
(>85%) having mesh sizes from 115-124 mm (4.5-4.9 inches) (ICNAF 1976).‘ Trawl
- cod end mesh sizes used in the 1975 yellowtail flounder fishéry ranged from
110-139 mm (4;3-5.5 inches), with most cod end meshes between 115-129 mm (4.5-
5.1 inches). |

We chose our small mesh size by buying the 1afgest ny1oh cod end webbing
commekcia]iy available in New England. It is produced by Hope Mills of Rhode
Island and is made of #102 double-braided nylon twine~(rdﬁnage.73.76 m per kg).
It is treated with hot water/steam and sold as 4.5-inch webbing. The actual
average dry mesh'measurément of our cod ends was 108 mm (4.25 inches). The
average wet mesh measurement during the experiment waé 106 mm.

The larger mesh size was ‘chosen on the basis of increasing the_minimum size.
of cod and haddock to 52 cm (20.5 inches). The 52-cm minimum size 1imit would
increase‘age at first capture to 3 yr for cod and 3.5 yr for haddock; corres-
ponding weights of each of the species would be 3.1 1b (1.4 kg) and 3.4 1b (1.5
ka), respective]y. Increases in yield per recruit would result in both ffsh-
eries in the long term. -

Using the selection factors stated above fpr cod and haddock and 52 cm as

the mean selection length we get the following mesh sizes from the equation
‘above: | , |

cod: ‘ 144 mm (5.7 inches)

haddock: 153 mm (6.0 inches)
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Table 1. Synops1s of Bottom Trawl Mesh SeTect1v1ty Data for /
Cod, Haddock, and Yellowtail Flounder?! ’

Cod-end Range of lMean Mesh Range of 50% Range of
Net Material Sizes Used - Selection Length Selection Factors
- Double Manila . 86-T144 mm ‘ 173-580 mm 2.4 - 4.4
Double Polyamide, : o
Type-A 90-140 mm 357-488 mm - 3.2 - 4.4
Double Polyamide, ‘ BT o o
Type B 89-136 mm . (310)-539 mm 3.2 - 4.4
- Double Palyester 106-122 mm , 415-470 mm 3.9 - 4.0
Double Polyethylene 113-134 mm . 369-452 mm 3.2 - 4.0
Double Polypropylene 105-146 mm 388-5717 mm - - 2.8 - 4.4
Manila 73-168 mm 280-580 mm 3.1 - 3.8
-Cotton , 102-109 mm 370-445 mm 3.6
Polyamide ‘ 107-124 mm 410-475 mm 3.4 - 3.9
Sisal ‘ - 126-127 mm 400-464 mm 3.2 - 3.7.
{ADDOCK : . - . |
~ Double Manila . - 66~178 mm 194-575 mm 2.3 - 3.8
Double Polyamide, ‘ , -
Type A . 89-140 mm 321-540 mm 3.4 - 4.0
- Double Polyam1de, : '
- Type B - 104-133 mm ©330-476 mm 3.1 - 3.6
Double Polyester 106-108 mm - 350-372 mm 3.3 - 3.5
Double Polyethylene 121-144 mm 293-391 mm 2.0 - 3.2
Oouble Po1ypropy1ene 105-146 mm 345-497 mm 2.7 - 3.8
Manila - 56-167 mm '190-547 mm - 2.5 - 3.5
Cotton . 57-14 mm 208-524 mm 2.8 - 4.4
Polyamide 62-146 mm 211-485 mm 3.1 - 4.4
Polyester . 70-137 mm - 234-398 mm - 2.8 - 3.7
Polypropylene 70-132 mm. 220-501 mm 2.9 - 4.0
Polyethylene 71- 87 mm 231-277 mm 2.9 - 3.3
Sisal : 63- 73 mm (195)-256 mm (3.1)- 3.5
YELLOWTAIL FLOUNDER R .
Polyamide R 38-145 mm - 266-360 mm - 2.2 - 2.8

1Source: Holden, M. J;; 1971. Report of thé ICES/ICNAF working group
on selectivity analysis. Coop. Res. Rept. ICES (A), Mo. 25: 144 p.
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As no large webbing was available, handmade cod'énds of 146 mm (5.75 inches)/
were constructéd of the.same,#lozkfwine as were the smaller cod ends. During
the length of the experiment these cod ends averaged 139 mm.

The mean selection lengths for the Cdd ends used in this experiment were
predicted to be as follows:

139 mm (5.5 inches) 106 mm (4.2 inches)

cod: ~ 50.0 cm (19.7 inches) 38.1 cm (15.0 inches)

haddock: 47.2 cm (18.6 inches) 36.0 cm (14.2 inches)

yellowtail:  31.9 cm (12.6 inches) 24.4 cm (09.6 inches)
Methods

Study Areas

The study areaS‘were1joint1y chosen by the éaptains of the participating
fishing vésselth Areas sé]ected were expected to contain adequate numbers of
cod in the desired range, 12-32 inches (30-81 cm, or»1;6 years of age),
together with haddock and f1ounder'species. ‘The area was also to have good
bottom to avoid tear-ups. In this first experiment, we opted for the better

bottom at the expense of larger cod catches.
Gear

The'traw1$ and associated rigging for the experiment were chosen by the
individual captains. Detailed information is presented in Tables 2 and 3 and
--in Figures 1 and 2. The only change in gear occurred on the third day of the
experiment when the FRANCES ELIZABETH found that their sweep (footrope) was 2 ft
ltoo short and corrected it before Tow 9.

Two cod ends (106 mm and 139 mﬁ) were provided for each boat as well as a

50-mm (2-inch) cover. The cover‘was 25% larger in circumference and about
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1.5 m (5 ft) longer than the cod ends. The covers were attached to the co9

-ends by rings for quick connecting and disconnecting. Floats were attached to

- the top of the covers to minimize masking of the cod end (blocking of the cod

‘end mesh by the cover) (FTgure—Z).

Procedures

The expebiment consisted of ﬁhree four-tow series. The four-tow series
consisted of the followihg: |
IQGQmmlcod end
139-mm cod end
106-mm cod end covered
. 139-mm‘cod end covered !
The order of the tows was ;hosen at random for each Series. Both vessels towed'
in the same order, uéuaIly within a kilometer of each other. Vessel speed was

maintained at 2.0-2.5 knots. fhe tows were conducted during daylight hours

only.

Table 2. Vessel Specifications.

FRANCES ELIZABETH CHRISTOPHER ANDREW

Home Port o ~ Scituate, Massachusetts

| Call sign KXS: 387 ~ WYP 9523
Length | 16.8 meters (55 feet) | 18:9 metets‘(sg_gsgzj-
Gross tomns. o : 3 tons | 54 tons
Draft - , | 2 meters (6.5 feet) 2.7 meters (9 feét)
Speed ‘ B - 9 knots L " 9 knots
Engine and . GM V671 Diesel Detroit 8V7IN Diesel

Drive 3:1 reduction 4.5:1 reduction

Horsepower 170 SHP 240 SHP @ 1800 rpm




Table 3. Gear Specificationms.

FRANCES ELIZABETH

CHRISTOPHER ANDREW

Trawl.

Cod ends

Cover
(when used)

\

#54. braided nylon twine.

133 mm average mesh size throughout.

Type 1 - 106 mm average mesh size; 80 meshes around

" by 50 deep; #102 braided nylon twine,

machine made.

N\

Type 2 - 139 mm average mesh size; 80 meshes around
: by 35 deep; #102 braided nylon twine,

hand made.

50 mm mesh size; #72 twisted nylon; 225
meshes around by 133 meshes deep,

machine made.

Headrope

. 15.8 meters total of 19 mm polypro

Footrope
(sweeps)

9.5 mm chain in wiﬁg

section and 12.7 mm chain

in bosom; strung with

10 cm: diameter rubber
""cookies' over 60% of its
length.

11 mm chain strung with

10 cm diameter '"cookies:'"

About' 30 per meter of

-length. Groundrope of -

19 mm poly connected to
sweep by 7.6 cm scallop
rings and shackles about
every 40 cm. ‘

Floats

7-8" diameter aluminum
spheres

- 9-8'"" diameter aluminum

spheres; 2 along each
wing and S5 along center

Chafing gear

- Mat of‘polyethylene strands covering aft half (and

unde:side only) of cod and and cover.

Doors

- ‘Rectangular shaped of
"wood construction 2.13

meters long by 1.11
meters wide weighing -
270 kg. ~Bracket trir

- angular shaped in two

parts of iron bar
located .1/3 back from
forward end.

Oval,shaped stee1‘2.13
meters long by 1.11
meters wide weighing

-382.5 kg. ~Solid bracket

in: two parts located
1/4 and 1/2 back from

forward end.
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Table 3 (cont.)
FRANCES ELIZABETH ’ - CHRISTOPHER ANDREW
Backstraps L Two 2.13 meter lengths of 9.5 mm chain
Bridle ‘wires 13.7 meters long 9.1 meters long
(legs) 9.5 mm chain on 9.5 mm chain on bottom
‘ bottom and 9.5 mm. _and 12.7 mm wire (6x19)
. wire on top. . on top.
Trawl wire  14.3 m 6x19 wire 15.8 mm 6x19 wire
Ground cables - - 36.5 meters 15.8 mm 55 meters of 15.8 mm
6x19 wire - .« 6x19 wire
Misc. No.quarter ropes, bull rope, lazy line or tickler

[N

chains used.»




Figure 1

TRAWL DIAGRAM
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Figure 2
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At the conclusion of éach tow, the respective catches (if a cover was /
»used) were kept segregated. The gear was meticulously checked and if there
was major damage in the cod end, the tow was rejected. Notes were taken onr
ahything unusual that may have affected the validity of the tow such as rocks
in the cod end or fouled gear. Cod-end and cover knots were tied tight and a

piece of old webbing was placed in the end to prevent lTeakage of catch (FRANCES
ELIZABETH onl y). | ‘

After each tow, 30 cod-end meshes were measured along the top of the cod
end; 10 each from the forward, mid, and aft sections. They were measured
using the ICES gauge set at 4 kg pressure. |

The segregated catchv(ch end and cover when used) was worked up sepa-
rately.- Anyvﬁish fouhd forward of the cod end were excluded. The fish were
sorted by‘speéies into 1- and 2-bushel baskets and weighed. Lengths were then
takenrby species. Subsamples were usedvif the catch was large.

Several times during the experiment, subsamplies were measured.for girths.

A1l data were recorded on standardized Qroundfish survey trawl logs.
Results

Mesh Measurements

A1l cod ends were measured dry befdré'starting the experimént. The small
cod ends of‘machine-made'webbihg initially averaged 108 mm in size but byfthe
secondAénd‘third day~of the experiment averaged 106 mm.

The twine used for thevhand-made larger cod ends apparently was not heat:
treated. The dry measurements averaged 154 mm and during the experiment the

mesh averaged 139 mm; a 10% shrinkage rate.
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‘No stretching of the twine'wa§ observed during the experiment. There was
no consistent variatibnAbetween meshes of the forward and aft parts of the cod
end as would be logically expected with larger catches;

There was a problem measuring the meshes, especially the first day, when
the twine started freezing and produced false readings as the twine would not
stretch fully. For this reason we rejected the first day's data.

In the small mesh there was a maximum range of 16 mm (0.6 inches) between
mesh sizes. In the large mesh the meximum,range was 23 mm (0.9 inches). A
series of standard error ca]cu1ations (Table 4) shows that the 95% conffdence
Timits are within one millimeter of the sample mean.

We were concerned.that our small "4.5-inch" commercial cod end was measur-
ing out smallef than what the enforcement statistics were showing for the
fishing fleet--oursbeing 4.2 inches vs the fleet's 4.75 inches. We knew some-
thihg was wrong because‘mdst of the fleet was using the same cod end. Assuming
this was a measufing probTem*we kan a mesh-measuring comparison test. A NMFS
enforcement agent, using a wedge gauge, measured ten meshes on one of our large
cod ends. The same meshes were then measured using the wedge gauge with a 5-kg
weight and: the ICES gauge set at 4- kg tension. The results (Table 5) show that
‘the wedge gauge read almost 0.5 inches higher than the ICES gauge.

Randomvmeasurements/were‘then taken on our commercial-sized cod end. The
ICES gauge indicated a 1itt1evoverv4 inches. The wedge gauge readings were
about 4.5 inches; however, the gauge could be wedged in further to read 4.75
inches or greater (the NMFS enforcement agent said that this is the routine

procedure in the field).
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Table 4. Mesh Measurement Statisti;s.

Vessel: Christopher Andrew Vessel: Francis Elizabeth

Mesh: 106 mm cod end ‘ ‘ Mesh: 106 mm cod end
Trawl Station - 5 o :  Trawl station'- 5
N = 30 . SN = 30
X =104 o | X =109.23
Sx = 3.2 - - . Sx =3.99
Trawl Station -6 - Trawl Station -6
N = 30 N =30
X =107.5 | X =106.37
Sx = 3.28 . Sx = 4.07
Trawl Station - 9 - - Trawl Station - 9
N = 30 N =30
X = 103.92 ° ‘ X = 106.53
Sx = 2.55 | 0 sx =2.64
Trawl Statﬁon - 12 | - ‘ ‘ T(aw1 Station - 12
N = 30 B | ' N =30
- X = 104.33 | | | X = 104.97
Sx = 2.97 | : Sx = 4.47
Total Number (ZN) = 120 . Total N (zN) = 120
Sx =2.98 X =104.9 Sx =3.79° X =106.8 mn.
SE = 2238 =.[§7§! , R = .3.79 _ 346 '
V120 120

95% 1imits: 104.4 to 105.4mm 95% limits: 106.1 to 107.5 mm

N equals the number of meshes measured.
X is the average (mean) size of the meshes (mm).

Sx is the standard deviation which gives an indication

- of the variation in mesh sizes. Two times Sx, added
to and subtracted from X, gives the size limits where
95% of the meshes fall between. '

SE is the standard error which is a measure of the
preciseness of the mean. Two times SE, added to and
subtracted from X, gives the 95% confidence limits
of X which is shown in. this table. '
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Vessel: Christopher Andrew I Vessel: Frances Elizabeth
Mesh: 139 mm cod end Mesh: 139 mm cod end
Trawl Station - 7 ' Trawl Station - 7

N = 30 | S N = 30
X =140 | X =141
Sx =4.23 B Sx = 3.7
Trawl Station -8 . - - Trawl Station - 8
N o= 30 - | _ . N = 30
X =143.4 - R X =138.23
TSk = 4.5 - Sx = 4.68
Trawl Station - 10 | " Trawl Station - 10
N = 30 | | . N o= 30
X = 140 , X = 133.83 .
Sx =4.14. | Sx = 3.9
Trawl Statiom - 11 o Trawl Station‘f 11
N =30 | N =30
X =138 o | o X =134.33
Sx =3.61 S . Sx = 5.2
Total N (zN) = 120 - ’ | - Total Number (zN) = 120
Sx=4.11 X =140.35 . 3X =4.37 YX=136.8
. 4.11 ' E§z§j- . ’ : 4.37
120 ’ «/ 120

95% limits: 139.6 to 141.1mm _ 95% limits: 136.0 to 137.6 mm



Table 5. Comparison of Mesh Measuring Techniques. /
Wedge Gauge Wedge Gauge w/5 kg weight ICES Gauge
144 mm o 142 mm - 136 mm
142 , , ’ - 140 . 135
144 ' 138 130
150 . - 146 134
144 S ‘ 144 _ 138
142 . ' , 142 _ 131
146 ‘ 145 , - 135
142 o 141 131
144 - 141 : o131
150 151 - 142
mean 144.8 mm ' 143.0 mm ) 135.0 mm
(5.7 inches) ~ ' (5.63 inches) -~ (5.3 inches)

The measurements were made on the same meshes (measured dry) on a #102 braided-
, n¥;gn‘cod'end. The wedge gauge measurements were made by an NMFS enforcement
officer. »

Tow Summary

The tows were conducted as Aeécribed‘invthe Methods section. On the first:
déy we ran,into a»number of problems. The twine started to freeze before mesh
measurements could be'taken Dur1ng Tow 2 a cover float flooded on the CHRIS-
TOPHER ANDREW, causing a marked mask1ng effect. During Tow 3 the FRANCES
ELIZABETH caught'a~1arge'object,that caused a door (otter board) to.capsizg,

Tow 4 was scrubbed because of darkness and the resulting change in fish popula-
tion available to the gear. For these reasons we did not use the first day's
data in the ovefal] ana1ysis A1l data presented in the Results section, unless
otherwise indicated, are for' only the second and th1rd days of the experiment.
Table 6 presents the bas1c tow. information.

Table 7 is a 115t1ng of the catch by we1ght per tow The "flounders"
~ category consisted most1y of winter flounder, though some American dabs were

included. The "other" category consisted mainly of skates, sculpin, goosefish,



Tow Data - all tows one hour from set to haul back.

Date: 12 December 1977
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Table 6

Area: 10 kilometers east of Scituate, Massachusetts.

Bottom type: Sand and Mud

Tow 1

Cod end:
Wire out:
Course:
Start time:
Avg. depth: |,
Weather:

Tow 2

Cod end:
Wire out:
Course:
Start time:
Avg. depth:
Weather:

Tow 3

- Cod end:
Wire out:
Course:
Start time:
Avg. depth:
Weather:

. Tow 4

Cod end:
Wire out:
Course:
Start time:
Avg. depth:
Weather:

FRANCES ELIZABETH CHRISTOPHER ANDREW

139 mm uncovered

128 meters 137 meters
170°" 155°
1110 1056
45 meters 45 meters

Overcast;owind NNW at 15 knots; seas 1-2 meters;
temp. -6 C. '

- 139 mm covered
137 meters

128 meters

170° 165°

1305 1255
45 meters R 45 meters

Ovércasté wind NW at 10 knots; seas 1-1.5 meters;
temp. -6 C.

106 covered

‘128 meters - 137 meters

176° 170°

1510 1434

41 meters 41 meters
Overcast - same as tow 2.

........... 106 - mm uncovered
e —m————— 137 _meters
e 330°

.......... 1615

.......... 41 meters

Same as tow 2.
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Date: 13 December 1977 /
Area: 11 kilometers ENE of Sc1tuate, Massachusetts
Bottom type: Mud.
| FRANCES ELIZABETH CHRISTOPHER ANDREW
Tow 5 -
Cod end: 106 mm Uncovered
Wire- out: 1376meters 137°meters
Course: 000~ » 350
Start time: 0805 | 0750 )
Avg. depth: 50 meters ' - 47 meters’
Weather: Overcasté wind north at 10 knots; seas 1 meter;
temp. -6 C. :
. Tow 6
Cod endﬁ '106. mm Covered
Wire out: 137°meters ‘ 137 meters
. Course: 160 125
Start time: 0955 1 ‘ - 0929
" Avg. depth: 50 meters 50 meters

1Weather: 0vercast3.wind NNE at 15 knots; seas 1 meter;
temp. -3°C.
wa~7‘
Cod end: 139 mm Uncovered
Wire out: 137°meters 137°meters
Course: 350 350
Start time: 1140 . 1130
Avg. depth: 51 meters . 51 meters
Weather: Overcast; wind NE at 1S5 knots; seas 1 meter;
temp. 0-C.
Tow: 8
'Cad’endi 139 mm Covered
Wire-out: 137°meter5' 137°meters
Course: 1707 » 170
‘Start time: 1320 1307
Avg. depth: 51 meters 51 meters

Weather:

Same as tow 7.
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" Table 6 (cont.)

Date: 15 December 1977
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Area: 6 kilometers east of Brant Rock, Massachusetts

- Bottom type: Mud and Sand.

Tow 9

Cod end:
Wire out:
Course:
Start time:
Avg. depth:
Weather:

Tow 10

Cod end:
Wire. out:
Course:
- Start time:
. Avg. depth:
Weather:

Tow 11

“Cod end:
Wire out:
Course:
Start: time:

- Avg. depth: -
Weather:

Tow 12

Cod end:

Wire out:

Course:

Start time:

Avg. depth:
. Weather:

FRANCES ELIZABETH CHRISTOPHER ANDREW.

106 mm Uncovered -

91 meters 91 meters
190° 208°

0800 ' 0750

27 meters 27 meters

Overcast, fog; wind NW at 10 gnots;
sea 1 meter SW swell; temp. 4 C.

139 mm Covered

91 meters 91 meters
~000° 025°

0940 0929

27 meters

27 meters
Same as tow 9. :

139 mm‘ Uncovered

91 meters 91 meters
180° 200°
1110 1100
27 meters 27 meters

Same as tow 10 but no fog.

106 mm Covered

91.geters 91,geters
000 : , 025

1245 ' 1233

27 meters 27 meters

Partly cloqdy;»wind NW at 15 knots;

- seas '1 meter; temp. 4°c.



‘Catch Weight Data (in kilograms) oy
FRANCES ELIZABETH CHRISTOPHER ANDREW
Tow 1 Yellowtail - 45.8 Yellowtail - 157.0
139 Cod end Flounders - 13.4 Flounders - 14.0
Cod (1) - 11.0 Cod. - .27.0
Whiting - 5.0 Ocean pout - 33.4
Ocean pout - 15.4 Other - 19.0
Other - 18.4
o ' : Total 250.4
~ Total 109.0

Tow. 2 ‘ Yellowtail - 101.0 Yellowtail -.121.0
139 Cod end Flounders - 15.4 Flounders - 26.0
Cod(2) - 6.0 Cod - 9.5
“Whiting - 8.4 Ocean pout - 107.0
Ocean pout - 73.5 Other - 24.0

Qther - 25.5 v
o _ Total  287.5

Total  229.8

 Tow 2 Loose knot Yellowtail - 53.5
Cover no weights taken Flounders - 11.0
s ' Cod - - 11.0
Ocean pout - 183.0
Other - 20.0
Total 278.5
Tow 3 - No good Yellowtail - 39.0
106 Cod end ) Flounders - 24.6
(net caught something Cod - 16.0
heavy; caused door Ocean pout - 126.5
to capsize) Other - 57.0
Total  263.0
- Tow 3~ : Yellowtail - 6.0
Cover No - good Ocean pout - 32.5
o Other - 11.0
Total 49.5




Catch Weight Data (cont'd)-2
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FRANCES ELIZABETH

CHRISTOPHER ANDREW

Tow 4 Yellowtail - 83.5
106 Cod end Did not tow Flounders - 36.5
: (Darkness) Cod - 62.5
Ocean pout - 68.5
Other - 37.5
Total 288.5
Tow 5 Yellowtail 47.0 - Yellowtail - 126.5
106 Cod end Flounders 16.0 Flounders - 30.5
o Cod. 34.0 Cod - 27.5
Whiting 5.5 Whiting - 9.5
Ocean pout 11.0 Ocean pout - 29.0
Haddock - 4.5 Haddock - 3.0
Other 50.0 Pollock(1) - 7.0
: Other - . 27.0

“Total ~ 168.0
: : © ~Total 260.0
Tow 6 Yellowtail 14.5 Yellowtail - 74.5
106 Cod end Flounders 15.0 Flounders = 37.5
Cod 39.0 Cod - 46.0
' Ocean pout - 13.5 Whiting - 18.0
QOther 36.0 Ocean pout - 39.0
Other - 42.5

Total . ~118.0
: Total 257.5
Tow 6 Flounders . 8.5 Yellowtail - 2.5
Cover. Cod . 5.5 Flounders - - 19.0

' Whiting 4.5 Cod, haddock

- Ocean pout. 18.5 and pollock- 4.5
. : - Whiting - 22.0
- Total:  37.0 - Ocean pout - 49.0
Other - 44.0
Total 141.0
Tow 7 Yellowtail - 33.5 Yellowtail - 64.0
139 Cod end - Flounders 15.0 "Flounders -~ 32.0
' ‘ Cod 55.0 Cod - 47.0
Other 49.0 Whiting - 7.5
, Pollock(1l) - 11.5
Total 152.5 QOther - 18.5
Total 180.5
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Catch Weight Data (cont'd)-3

/
»»»»»»»»» FRANCES ELIZABETH CHRISTOPHER ANDREW
Tow 8 o Yellowtail - 14.5 “Yellowtail - 33.0
139 Cod end Flounders - 12.0 Flounders - 17.0
: Cod - 18.5 Cod - 24.5
Other - 12.5 Pollock(1l) - 3.5

Whiting - 4.5

Total = .57.5 Ocean pout - 14.0 .
. - QOther - 14.5
. Total 111.0
Tow § ‘Yellowtail - 4.5 Yellowtail - 12.0
Cover Flounders - 13.0 Flounders - 10.0
Cod - 6.5 Cod - 14.5
Whiting - 25.5 Whiting - 19.5
Hakes - - §51.0 .Hakes - 33.0
Haddock - 18.5 Haddock - 3.0
Ocean pout - _18.5 Ocean pout - _30.0
- Total - 137.5 Total 122.0
Tow 9 Yellowtail - 72.5 Yellowtail - 138.0
106 Cod end Flounders - 26.5 ‘Flounders - 16.0
Cod - 37.0 Cod - 46.5
Ocean pout - 87.5 Ocean pout - 128.5
Other - 45.0 Other - 16.5
) Total  268.5 Total  345.5
Tow 10 Yellowtail - 47.0 Yellowtail - 59.5
139 Cod end Flounders -  27.5 Flounders. . - 22.5
: : Cod - .26.5 Cod - 14.0
Ocean pout - 30.5 Ocean pout - 32.0
Other - 32.0 Other - 23.5
Total 163.5 Total 151.5
‘Tow 10 Yellowtail - 28.5 Yellowtail - 54.0
Cover Flounders - 12.5 Flounders - 17.0
’ Cod - 28.5 - Cod - 25.5
‘Ocean pout - 42.0 Whiting - 2.5
- Other - 13.5 Ocean pout - 36.5
: v ~Other - 10.0

Total 125.0 :

Total 145.5
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FRANCES ELIZABETH

CHRISTOPHER ANDREW

Tow 11 Yellowtail - 35.5 Yellowtail - 32.0
139 Cod end Flounders - 23.5 Flounders - 18.0
Cod - 22.5 Cod - 33.0

Ocean pout - . 63.0 Ocean pout - 98.5

‘Othexr - 21.5 Other - 22.5

o ~Total 166.0 - Total 204.5

Tow 12 Yellowtail - 55.5 Yellowtail - 36.0
106 Cod end Flounders - 15.5 Flounders -~ 7.5
Cod - 53.0 Cod 38.0

Ocean pout - 54.0 Ocean pout - 20.5

Other - _42.0 Other’ 18.0

. Total  220.0 Total - 120.0

Cover o Yellowtail - 19.5 " Yellowtail - 26.0
’ Flounders - 1.0 Flounders 3.5

Cod 6.5 Cod - 7.0

Ocean pout - 18.5 Ocean pout - 14.0

Other - 5.5 Other. - _ 7.5

Total  51.0 58.0

Total

Data Analysis

Ye]Towtaii."Thisrana1ysis is made using the catch data from the 16 tows

made on the second and third day of the exberiment; a total catch of 3,581

fish.

To determine if we could compare one size mesh with the other or if we

could combine the data from both vessels, we need to know if both size nets

and both.vessels sampled the same basic size distribution of fish. To do this we

‘calculated the length frequency distributions of the covered tows (cod ends

and. covers combined). A visual inspection of Table 8 shows that the distributions.
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are basically the same. Figure 3;Va;p1ot of the vessel distributions,
demonstretes the-ee;e point. = This figure also shows two year-c]asses of

ye]]owta11--one heav11y fished and one about to enter the fishery.

Selection data for the 106-mm covered cod end tows are given in Table 9

and the corresponding selection curve, drawn by eye, is shown in Figure 4;

The 50% retention 1ength-df approximately 22 cm (8.7 inches) gives a selection
factor of 2.07. The 25-75% selection range is approximately 3 cm (1.2 ‘inches).

Se]ectioh:dagg;for the 139-mm covered cod end tows are given in Table 10,

and the corresponding selection curve is shown in Figure 4. The 50% refentionv

length of approximately 30 cm'k11.8 inches) gives a selection factor of 2.16.

The 25-75% se]ection'range,is'apprOXimately 4 cm (1.6 inches).

Selection dafa'for the 106-mm and 139-mm uncovered tows are given in

" Table 11. We norma]ized'the,Qistributions by assuming equal retention by

both size cod ends above the 100% retention point (a rough assumption, as

-the fishing power of the large mesh may be greater). From this method, a

50% retention length of'33“cm~(13.0 inches) is obtained which gives a selection
factor of 2.37. |

,Combaring the}139-mh‘se1ecfion curves ih Figure 4, we note the uncovered
tow curve gives a higher selection thaﬁ‘the covered tow. This may be due to
a masking effeet'eaused by the covef, an‘increased efficiency of the larger
mesh on the larger size fish, or even random error. |

It should be noted that a. compar1son of the two 139-mm selection curves

to each other 1s not str1ct1y valid. This is due to the fact that the

uncovered se]ect1on curve was der1ved by comparing the 139-mm uncovered cod
ends with the 106 -mm uncovered cod ends and the covered se]ect1on curve was
der1ved by compar1ng the 139- ~mm covered cod ends ‘with the 50-mm covers. In

the first case the retention percentages will be affected by the selectivity
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Table 9. Yellowtail Tength frequency distributions and percent retained
for 106-mm cod end covered tows; both vessels.
#1 Numbers Caught
Length Interval (cm) 106 mm 106 mm plus covers % retained
10-12 , 0 2 ' 0
13-15 0 33 : ‘ 0
16-18 11 : ‘ 174 6.3
19-21 ‘ 47 262 17.9
22-24 + - 87 140 62.1
25-27 38 40 ' 95.0
28-30 49 49 100.0
31-33 59 61 96.7
34-36 , . .66 ' 68 ‘ 97.0
37-39 39 40 : 97.5
40-42 f - 41 , 42 97.6
43-45 21 21 _ 100.0
46-48 10 10 100.0
49-51 1 1 ‘ 100.0
52-54 ' , 1 1 100.0
0

5557 | | 2 2 100.

TOTALS - 472 946
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Table 10. Yellowtail length frequency distributions and percent retained
for 139-mm cod end covered tows; both vessels.
; Numbers Caught
. ' #2 '
Length Interval (cm) : 139 mm 139 mm plus covers % retained
10-12 0 } 0 Q
13-15 1 23 4.3
16-18 - 12 , 201 5.9
19-21 15 | - 353 4.2
22-24 : 14 L 192 4 ‘ 7.3
25-27 10 | 47 | 21.2
- 28-30. 22 o 73 ‘ 30.1
31-33 84 107 ' 78.5
34-36 4 100 - 109 91.7
37-39 , 48 48 . 100.0
40-42 29 , 29 : 100.0
43-45 13 13 , 100.0
46-48 4 4 100.0
- 49-51 2 2 100.0
- 52-54 0 0 -
55-57 ' 0 0

TOTALS 384 1201
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Table 11. Yellowtail length frequency distributions and percent retained for
the 139-mm uncovered cod end compared with the 106 mm uncovered
cod end; both vessels

Numbers Caught
PO #3 #4 , B x 100 = % retained
Length Interval- (cm) (A) 106 mm ~ (B) 139 mm 63A by 139 mm
10-12 ' 0 0 - 1}
13-15 - 0 1 -
16-18 o 9 3 -
19-21 i 74 1 2.1
22-24 ‘ - 204 , 4 - 3.1
25-27 ; 103 3 : 4.6
28-30 o 170 . 17 15.9
31-33 183 46 ‘ 39.9
34-36 , 168 71 67.1
37-39 91 62 . 108.1
40-42 78 : 43 87.5
43-45 36 - 32 141.1
46-48 ' 10 : 6 , - 95,2
49-51 11 4 57.7
52-54 S 2 0 0
55-57 . : 2 0 0
57 57 147/ ‘
» A=230 r B =147 = .63

: : 37 37 230
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of the 106-mm mesh; this oécurring where thé selection process overlaps (aboyt
17 to'27 cm). The degree of inaccuracy introduced was checked by adjusting |
the 139-mm uncovered retention percentages with ;he 106-mm covered reténtion
percentages and was found to be small. |
Contihuiﬁg}in the same vein, if a]i four types of tows (106 and 139
7coveréd and;ﬁncovered) were compared to the same base (covered cod ends plus
covers) and adjusted on a numbers-pér-tow basis, a comparison éou]d be made
between the two size meshes that might indicate some degree of relative
efficienéy; A”Targer}number of tows than perfofmed during this experimént
is required to do this witﬁ any degree of confidence.
Table 12 summarizes the selection data from this experiment and from the
experiment conducted by Lux (1968) in September 1967.

Figure 5 demonstrates the portion of the available population, Eepresented
by the,cod ends plus covers curve, that each cod end selects. As the fish grow
‘the<ﬁvailab1e pdpu]ation curve will shift tO‘the‘right.and.thus more of these
small fish will be within=the‘se1ectfdh range of the gear. There will be an
increase in the cafth of fish by the small cod end that under existing market
cohditionsnare'diétarded‘(<30 cm). (By the time that year class reaches market
size it wiTi be decimated by the small mesh cod ends.) The figure shows that
vthe_]arge mesh'wi]l hard]y;seiect‘this year class until it'reached market size.

Table 13 is a‘fﬁrther demonstration of this point. From‘observation;
made on the: two vessels we noted that the majority of fiéh under 30 cm (11.8
“inches) were discarded. (New Bedford landings data show very few fish being
landed under 30 cm. ) This is a 1dwer'cu11 point than in the past. Hennemuth
~and Lux (1970) reportedfa'cu11 midpdint for yellowtail by the commercial fleet
of 34 am (13.5 inches). R
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Table 12.  Retention lengths for yellowtail:flounder for mesh
sizes tested in New England.
: ___Mesn size
% Retained : 106 129* 139 145%
100 A 29> 34> i8> 39>
75 % - 30 2 36
B 50 . 2 29 k) k']
) riy ' , 21 25 28 28
Selection Factor 2.07 2.28 2.2 2.34
" Selection Range 3em Sem 4 cm 8 am -
*From Lux, F.E. 1968. ICNAF Redbook, Part III.
**Average from covered and alternate tow methods.
Table 13.  Weights of yellowtail by 3-cm groups.
“Lengths v
3em kg 106 106 139 139
__intarvals _fish__uncoversd covered  uncovered  covered
) .
' 10-12 0o 0 0 0 0
& 13-15 - .0228 0 0 .02 02
= 16-18 .045 .405 .49 13 .54
9 =21 L0675 - - 4.995 3.17 07 . 1.01
a 22-24 ‘ .09 18.36 7.83 .36 1.26
1 25«27 L1358 13.908 5.13 .41 1.35
} 28-30 . 225 38.25 11.03 -3.83 . 4.95
31=33 315 5/.645 18.58 14,49 6.48
34-36 - 405 68.04 26.73 28.75 40.50
37-39 " 585 53.235 22.81 36.27 28.08
40-42 - .675 52.65 . 27.67 29.03 19.57
43-45 .885 30.78 17.95 27.36 11.11
46-48 1.038 10.35 10.35 6.21 4,14
. 49-51 ©o. 1.7 12.87 1.17 4.68 2.34
52-54 1.44 2.88 1.44 0 0
§8-57° . 1.865 3.33 o 3.33 0 0
Theo. Total Weight ~ 367.67 157.68: 151.61  141.33
" -Actual Total Weight 382.3 180.50 -~ 165.00 154.00 .
Error 3.7% 132 8% o 8% Avg 8%
Theo. Discard Weight - 75.90 27.65 4.82" 9.13
" Landings ~ 291.77 130.03 146.79  132.20

% Discards 0.6 175 ' 3.1 6.4
Mean . C19.1% , 4.8%

Té‘%‘ = 753 Reduction in discards

with larger mesh
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Catch Distribution — YT Flounder
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 Using 1ength-weight cufves devé]oped by the Northeast Fishgries Center,,
we determined the total weightrof the catch by cod—end\types. The difference
between this thedretica1 weight and the actual weight may be cﬁused by averag-
ing the weight by 3-cm 1nteévals, thus bfasing the data toward the smaller fish
as weight increases exponentially. It may a]so‘be due in partito the choice»of>
weight curves. | | o
Table 13 also shows the 106-mm uncovered cod ends outfishing the other
three categories. This is due to the fact that in our random design the 106-
mm uncovered cod ends were toWed'first on the seéond and third day. Thé-first
tow of the day in the small areas we repeatedly towed over may tend to catch
more fish. This effect has been observed previously by the captains of both
vessels. | |

Taking the above into account; we can still observe from the téble>£hat

the large-mesh cod end decreaseS'the discards by approximately 75%. If we
compafe the 106-mm covered cod ends against the 139-mm cod ends, we note that
théflandings of‘thevbig mesh do not decrease-ahdfmay‘even'increase. This
effect has been observed in previously documented selectivity experiments and

is thought to be an increase in fishing power of the larger mesh.

Cod. This ana1y$is.wasimade on;the same 16 tows as used for yellowtail.
A total of 492 cod were caught. The amount of data is insufficient to deter-
‘mine any solid selectivity information, but trends are visible.

Table 14 contains the length frequency distributions of the covered tows
(cod ends plus covers), and by visual inspection we see that wé-samp1ed'the
same basic population. - The catch(curves_in Figure 6 show that both vessels
were probably sampling éod mostly from one year cTass. |

~ Tables 15, 16, and]17vpresent the 1éngth frequency distributions of cod

in the séme manner as the previous tables in the yellowtail section. A visual
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- Length Frequency Distributions (%) - Cod

Tab1e 14.
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inspection of the variations in the percent-retaihedrcategory'indicates that,
there is an inéufficient amount of data to determine the 50% retention points.
and selection factors accurate1y ‘ This prob1em'may be‘accentuated,by the fact
Vrthat the popu]af;ggmbons1sts mostly of one year class first entering the
selection range.“”f—W"j“

A plot of the Catch distribution, Figure 7, again shows the one year
class and that the small-mesh cod end is fishing on it. The calculated 50%
reteﬁtion point for the 139-mm cod end of 50 cm (19.7 inches) just happens to
be where there‘is é small amount of fish. As that year class grows, thé catch
composition of the large-mesh cod end will change.
| The weight distr%bution, Table 18, was dérived in the-same manner as the
one on yellowtail. Iﬁ,this table we chose two diécard points. The first was
set At 40 cm (15.7 inéhes),‘corresponding with the cull point for small scrod
cod and the second a£ 52‘cm (20.5 inches), corresponding to a suggested legal
minimum:éizé. These~datafare‘insufficient'to draw any firm con¢1usions from,

though a trend in percentage of discard and landings may be seen.

Cod Girths. The diagram pTotting‘the data taken on cod girths (Figure 8)
iﬁ'a random‘sampling bf the'total catch. The g1rths, for the most part have
very ]1tt1e variance from the published means for girth-length ratios.

This ratio, taken from the pubTished data of A. R. Margetts (1954 and
1957) and Tater confﬁrmed‘by the experimentation of J. Messtorff (1957-1958),
is tabulated by the following equations:

length = natural girth x 1.95
e ~ and |
Tength = (constr1cted girth x 2. 03) +0.7

Most of the samp]ed girths that were plotted fal] fairly well within this -

rat1o range bracket. Some girth measurements were possibly affected by the
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Table 15. Cod Tength. frequency distributions and percent retained for
106 mm cod end covered tows; both vessels. /

Numbers Caught

Length Interval (cm) - 106 mm 5 106 mm plus covers. =; % retained
19-21 5 0
. 22-24 : S ' S 3 0
25-27 ' ‘ , 1 0
28-30 -1 ' 5 20.0
- 3133 ' 1 6. . : 16.6
34-36 L 7 - 12 58.3
37-39 : ’ 17 ) 27 : 62.9
40-42 15 16 83.7
43-45 R : .22 ' 22 ‘ - 100.0
46-48 : 14 16 : - 87.5
49-51 5, 5 L 100.0
CB2-54 v omeet wehmigan 0 wl1Z 0 R T R RN 8 SECE
- BB-57 4 4 | 100.0
58-60" 6 -6 100.0
61-63 4 4 100.0
64-66 5 5 100.0
67-69 2 2 100.0
70-72 - 4 4 100.0
88-90 1 1 100.0
91-93 -1 1 100.0

Totals S s B 156
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'fab]e 16. Cod length frequenéy distributions and percent retained
for 139 mm cod end covered tows; both vessels.

Numbers Caught

Length Interval (cm) 139m 139 mm plus covers -~ % retained
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Table 17. Cod length frequency distributions and -percent retained for
the 139 nm uncovered cod end compared with the 106 mm
uncovered cod end; both vessels.
Numbers Caught , _
. , . | B _ % retained
Length Interval (cm) o (A) 106 mm (B) 139 mm | x X 100 by 138 mm
31-33 : 1 0
34-36 A . 3 0
37-39 : D 1 1 5.1
. 40-42 - 26 0
43-45 T . 25 3 6.8
46-43 e 13 3 13.1
49-51 : 12 2 9.5
. 52-54 , 10 5 28.4
-85-57 .. & 6 . 8.2
58-60 ' ' 5 -6 68.2
61-63 . o S 6 4 37.8
64-66 - ‘ 3 6 113.6
67-69 o . 1 2 200.0
"70-72 1 1 100.0
73-75 1 4 400.0
- 76-78 2
79-81 3
82-84 1
94-96 1
106-108 1
Totals : 122 51
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* Catch Distribution — Cod
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Tahle 18. ' Weights of Cod by 3-cm Groups

e
106 . 106 139 139
Lgng;hs K9/ £1sn uncovered . covered - ancovered ~  covered
Intervals ST
19-21 . .04 o
22-24 .09 ~ .
25-27 .13 ' '
28-30 2 : .22
31-33 .34 .34 .34
34-36 .45 . - 1.35 3.15 - : .45
37-39 .58 6.38 9.86 .58 2.90
40-42 - .67 17,42 10.05 . . .00 2.68
43-45 .85 | 1 21.25 18.70 2.55 o .3.40
- 46-48 1.03 ' | 13.39 14.42 . 3.09 6.18
49-51 1.21 , 14,52 . 6.05 - 2.42 6.05
52-54 1.44 14.40 ' - 17.28 7.20 - 4.32
55-57 . 1.71 6.84 6.84 10.26 5.13
. 58-60 2.07 10.35 C12.42 .- 12,42 .- 0 1242 .
61-63 - 2.30 . 13.80 9.20 . 9.20 6.90
64-66 2.66 7.98: - 13.30 . 15.96 .00
67-69 3.02 3.02 6.04 6.04 3.02
70-72 -3.38 13.52 ) 3.38 3.38
73-75. 4.10 4.10 - 16.40
- 76-78 4.50 4.50 : 9.00 - 4.50
79-81 5.40 16.20
82-84 5.90 : 5.90 5.90
85-87 6.30 S
88-90 7.20 7.20 7.20
91-93 - 7.70 7.70
94-96 8.60 8.60
97-99 9.90
100-102 - 10.80
103-105 11.70 R :
106-108 12.60 R ' 12.60
Theo. Total Weight - . 139.64 - 156.29 141.80 74.43.
Actual Total Weight , 145.00 176.00 157.80 83.50
Error - - - 3.7% , 11.2% - 10.0% ' 10.8%
. ‘ B ' ) Avg.
Theo. Discard Weight (<40 cm) - 8.07 13.57 .58 3.35
Landings ' 131.57 142.72 '141.22 71.08
% Discards - ‘ 5.8% - 8.7% 0.4% 4.5%
- Theo. Discard Weight (<52 cm) 74.65 - 62.79 8.64 21.66
Landings 64.99 - 93.50 133.16 - 52.77

% Discards , 53.4% 40.2% , 6.1% 29.1%
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expansion of the air bladders due to the activity exerted by the fish SWimmipg
through the meshes (Margetts 1957). This factor would thus slightly affect
the measurements;—hence explaining a few'of the pointsithat deviated moderate]y'

from the norm. . -

Remarks

In reviewindmthis experimenf werhust keep in mind that,ﬁhis is not an
unstudied subject. In the report of the ICES/ICNAF Working Groups on Selec-
tivity Analysis (Holden 1971) there iS'a}tabTe summarizing past se1ectiVity
experiments in ICES-and ICNAF areas. For cod there were 104 experiments
conducted, consiseing of 685 tows. For haddock there were-305 eXperiments
conducted, consiéfidg df 2,112 tows. ‘In additionftherevis a bibliography
consisting of 239 references on selectivity.

For practical pureoses there is no need to refine the selectivity factors
any:further for managemedt decisionsf vFof instance, the difference caused by
using a selection factor of 2.1 instead of 2.3 for ye11owtail with a 106-mm
(4.2-inch) cod end is a sh1ft of the 50% retent1on length by 2 cm (0.78 1nches).
Certain questions can be answered without concerning ourselves with such detail.

Some of the management questions that need to be addressed are: |

1. What should be accomp11shed by us1ng mesh s1zes e.g., spawning-stock

protection, market stabilization, elimination of d1scards, etc.?

2. Should minimum size 1imits be used in conjunction with‘mesh-size

- regulations? Where would this size 1imit be set in relation to the
50% retehtion point?
°3}.}How would the regu]at1on be enforced7 What tolerances wou]d be
Vallowed and what measuring 1nstruments would be used?
4, In deriving-meShvsizes, should different growth rates byrerea be taken

'ihto account,‘e.g., Gulf of Maine vs southern New England?
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Hopefully the information provided from this and future experiments in

this series will make everyone involved feel a little more comfortable with

the decisions that have to be made.

Respectfully submitted,

Dan Arnold Frank Mirarchi
Captain/Chief of Party Captain/Chief of Party

F/V FRANCES ELIZABETH ' F/V CHRISTOPHER ANDREW

Ronald Joel Smolowitz
LCDR, NOAA Corps
Northeast Fisheries Center
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Appendix A

Extract from the Federal Register A , /
Vol. 42, No. 112 (June 10, 1977)

Title 50 - Wildlife and Fishgries
Chapter VI - Fishery Conservation and Management, NOAA

Part 651 - Haddock, Cod, Yellowtail Flounder--Final Regd1ations

N

651.6 - Gear restrictions.

(a) For directed fisheries for cod and yellowtail flounder, a mesh
"size restriction for trawl nets is applicable. It shall be unlawful to take
these species in nets having, in any part of the net other than the cod end,
meshes of dimensions less than 4% inches (114 mm), and having, in the cod end -
of the nets, meshes of dimensions less than 5 1/g inches (130 mm). These mesh
sizes relate to netting when measured wet after use.

“(b) Mesh sizes are measured by a flat wedge-shaped gauge having a
taper of 2'centimeters in 8 centimeters and a thickness of 2.3 millimeters,
inserted into the meshes under & pressure or pull of 5 kilograms. The mesh
size of a net shall be taken to be the average of the measurements of any
series of twenty consecutive meshes, at least ten meshes from the landings,
and when measured in the cod end of the net beginning at the after end and
running parallel to the long axis.

v (c) This mesh size regulation will not apply to vessels taking haddock,
cod, or yellowtail flounder as by-catch so long as such vessels do not have on
board (either at sea or at the time of offloading) cod, haddock, or yellowtail
flounder in amounts in excess of 5,510 pounds (2.5 metric tons) for each

species.or 10 percent by weight of all fish on board such vessel for each
species, whichever is greater.

(d) It shall be unlawful for any person to attach any device or use
any method that would diminish the effect of the mesh sizes author1zed in
paragraph (a) of this section.
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Growth of Yellowtail Flounders for Southern New England

/
YEAR , , TN M L3 KG
ONE | , 2 | 5 |127 | 120 | 2
TWO 0% | 273 | 38 17
- THREE 3% | 343 | w8 | .39
FOUR 15 | 381 | 135 | &2
FIVE 16V | 413 | 134 | .79
SiX 17V | 438 | 2 | .20
" SEVEN 18 | 457 | 2% | 1.01
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Figure{l) : Exemple d'enregistrement obtenu a l'aide dun

bathykymographe
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Figure (2} © Amarrage du bathykymographe
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