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Objectives: Compare two types of ground ropes, i.e. the
conventional rock-hopper versus a semi-circle spreading
gear to answer questions:

1) Is efficiency dependent on species, size of fish and fish
density?

2) Isarea and time of year (i.e. depth, ambient light and temperature)
affecting the efficiency?

3) (Effect on fish behaviour and escape rate with artificial light).

4) Which of the two ground ropes is most efficient?
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Rockhér (spaced round discs)

Semi-circle (dense elements)



All trials were made on board the 64 m RV «Helmer Hanssen» and
we applied two trawl methods:

1) Semi-pelagic trawling (November 2014)
2) Bottom trawling (February 2015)
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Setup of the Alfredo No 3 fish trawl during trials February-March 2014 & 2015
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Alfredo No. 3 fish trawl — modified with 80mmm 03,0 PE mesh in body

mm

The experiments were made with an Alfredo
No. 3 trawl and 2 types of ground ropes:

80 174% Extension piece

and codend
68 mm # tl mm #.

B

1) Rock-hopper ground rope (RHG) o0

2) Semi-circle spreading gear (SCSG) :
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Groundropes for Alfredo No 3 fish trawl used during November 2014 and Februaryv-March 2014 & 2015 trials:
A) The 21" rockhopper gear and B) The 20" Semicircular spreading gear

il g [l @10mm LL
@15mm LL
| The 21" rockhopper groundrope: Each section is 6.0 m long and connected with 19ML hammerlocks. Disc spacers in
A~ section ] (port & starbord side) are W8" and L2x8" and the centre-section 2 has 8"x8" disc spacers. The rock-hopper
15 built on a @19mm centre chain and the groundrope is attached to the fishing line with rings on the @&10mm chain.

Side view
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Front view
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Back view

Source Semidrcular gear:
Top view E. Grimaldo et al. 2014,
SINTEF F&H repont AZ4271

Chain: LL19-8
Wire: g16mm
@10mm Quick-link connects wires and centre chain

1 x 6.0 m side gear 1 x 6.0 m centre gear 1x6.0m side gear
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Upper panel and sidepanels made from dbl. @5mm by 155 mm meshes {135 mm inside) PE.
Lower panel made from dbl. @6mm 155 mm meshes {135 mm inside) PA.
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Modified version of sketch in Ingolfsson & Jgrgensen 2006; Fish. Res. 79. (RB Larsen UIT 10.09. 2014)

The eyes are connected to the trawls’ ground rope by GM16 locks

Eye

Fishing line by @18mm
combi-rope

1,6m

19mmLL chain attached to the fishing line

Length of retainer bag ~ 13 m

Stone release
opening

10 kg chain
clump

Protection mat

Retainer bag and RHG

Diamond shape

stone release cpening
BxB# (covered

with a boyant mat)

Justification for choice of design (mesh size,
material and twine thickness) for the escapee bag:

- Most fish are in the centre of the trawl mouth.

- 135 mm mesh size will retain cod >65 cm TL and
most snow crab sizes.

- We expected stones of various sizes and

collection of clay/mud in the bag.




Underwater observations February 2014-2015 and
November 2014 confirming fish behaviour, function of
the retainer bag and escape under the fishing line

Underwater observations on the Alfredo No 3 fish trawl during trials November 2014

- : Camera positions 1, 2 and 3 k Direction of light beam

Position 1: SIMRAD OE-1434 facing aft/down at a ca. 6 m distance to the ground rope + 2 x W lamps

Position 2: GoPro H2/H3 facing down/aft at a ca. 4 m distance to the ground rope + 2/4 LED/halogen lamps
Position 3: GoPro H2/H3 facing down/forward at a ca. 3 m distance to the ground rope + 4 LED lamps
Position 3: TrawlCam facing down/forward at a ca. 3 m distance to the ground rope + inbuilt LED lamp




Underwater observations February 2014 & 2015:

Behaviour of cod and haddock in natural light; depth 60-70 m
showing that fish line up in the centre of the trawl mouth




Underwater observations February 2015 (natural light):

Observations of the function of the retainer bag (55-70 m depth)

The shape of the
ground rope of the
retainer bag

Inside the retainer
bag during haul-back




Underwater observations November 2014:

Behaviour of large cod with strong artificial light; depth ca. 250 m
showing that fish many fish collide with the ground rope and
several escape under the fishing line

2 cod collides
with RHG discs

-

Soft seabed creates large mud-clouds and most of

the time it’s impossible to see the retainer bag

The retainer bag

The RHG passes a large stone Several cod collide with each other and RHG discs




Underwater observations November 2014:

Behaviour of large cod with strong artificial light; depth ca. 250 m
showing that fish many fish collide with the ground rope and
several escape under the fishing line

rid

Cod under RHG disc

Snow crab




Geographical areas for the experiments in Nov. 2014 - Feb. 2015
and research designs. Valid hauls marked (e ).
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November 2014: 16 (RHG) + 16 (SCSG) hauls

Separate ground rope series: For practical

reasons only 1 trawl could be rigged and first

part of the trials were also covering snow crab

encounters by the RHG. Unfortunately, this area
\gradually closed by drift-ice

Area with large cod and snow crab, depth 200-300 m
\Area with large cod, depth 200-300 m
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- Area with large cod and haddock, depth 300 m

February 2015: 13 (RHG) + 13 (SCSG) hauls:

It was used an alternate ground rope set-up
(pair-wise hauls)
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Freguency

Size distributions for cod and haddock during surveys in
November 2014 and February 2015

(Note: Codend & retainer bag mesh sizes were 135 mm)
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Average length of cod:

-Nov-14: 80.14 cm (sd + 12.12)
-Feb-15: 86.56 cm (sd + 15.06)

Dashed red line mark upper
fish length of possible escape
through 135mm mesh size

Average length of haddock:

Feb-15: 55.89 cm (sd + 5.63)



Results: Number of valid hauls and numbers of cod and
haddock in codend and retainer bag

N (hauls/fish)

Cod (Nov. 14)

Cod (Feb. 15)

SUM cod (14&15)

Haddock (Feb. 14)

Rock-hopper ground rope; RHG

Semi-circle spreading gear; SCSG

Hauls Codend  Retainer  Total |Hauls Codend  Retainer Total
16 2887 872 3759 | 16 7127 485 7612
13 1656 128 1784 | 13 2133 70 2203
29 4543 1000 5543 | 29 9260 555 9815
13 836 64 900 | 13 766 16 782

Rock-hopper gear RHG:

Escape (N) of cod
a) Nov-14:23,2%
b) Feb-15:7.2%

Escape (N) of haddock
- Feb-15: 7.1%

Semi-c. spread. gear SCSG

Escape (N) of cod
a) Nov-14: 6,4%
b) Feb-15: 3.2%

Escape (N) of haddock
- Feb-15: 2,0%
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Statistical modelling (by SELNET software)

TR LT RBI RCl
- - - e B oo o o
The experimental efficiency, .. «esisct o e \
. e e 7
EG ff t d b LY. o P i R R R R B R = T i g
1, 1S alfected by GG m R e I B e s S )
s i o o B SRR
I ] e e AN T RUl
. .. ng
The experimental efficiency of the ground gear, EG; : EG, =
na; + nu;
Was modelled by: EEG(l,v) = exp(f(l,v))
' 1.0 + exp(f(Lv))
Where f is polynomial on the f ) L\ : 2 r
ere f is polynomial on the form : Ly =Z v x| — | =va+ v + v S v
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Model parameters values were obtained based on maximum likelihood estimation by minimizing:
h
—z Z {ncli xIn(EEG(L,v)) + nuy x1n(1— EEG(L, v))})
1 =i=1

However the experimental EG can be biased by size selectivity in collecting bag (RU), codend (RC) and trawl body
(RB) since theoretically we have: GG(D) x RB(1) x RC(D)
EGU) = GexRBO x RCD) + (1 - GG(D)x RU(D)
Therefore we can only use the experimental efficiency (EEG) as estimate for GG for sizes of fish

above where size selection may occur in collecting bag, codend or trawl body!
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{a) Rock-hopper, cod, November 2014 {B} SCS5G, cod, November 2014

Efficiency (%)
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DATA ON COD: Catch efficiency, i.e. escapement rate for cod (with conf. limits) for RHG and SCSG
November-14 and February-15. Frequency of fish in codend and retainer bag show the length
distribution of fish and the distribution of power in data.



Efficiency (%)

Rock-hopper and SCSG (2014 and 2015 combined)
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DATA ON COD: The overall difference in the catch efficiency for cod between hauls with

RHG and SCSG for combined data (November-14 and February-15).
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(A-D) Rock-hopper and SCSG, haddock, February 2016
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DATA ON HADDOCK: Catch efficiency for haddock for hauls with the RHG and the SCSG during
February-15 (A-l). A-ll show expanded area of interest.



Results: Calculated efficiency for the RHG and SCSG
and improved efficiency/reduction in escape
by the SCSG compared to the RHG

Efficiency (%) | Escapement(%)| Improved Reduced

Cod > 65 cm (95 % Cl) (95 % Cl) efficiency (%) | escape (%)
RHG (Nov. 2014) 85.7 (83.9 - 87.9) 14.3 (12.1- 16.1)

11.1 66.7
SCSG (Nov. 2014) 95.2 (94.2 - 96.4) 4.8 (3.6-5.8)
RHG (Feb. 2015) 94.8 (93.9-95.7) 5.2(4.3-6.1)
3.1 56.7
SCSG (Feb. 2015) 97.7 (96.9 - 98.6) 23(1.4-3.1)
RHG (Nov. -14 & Feb. -15) 88.7 (86.5-91.3) 11.3 (8.7 - 13.5) 8.0 63.0
SCSG (Nov.-14 & Feb.-15) 95.8 (94.9 - 96.8) 4.2 (3.2-5.1) ' '
Haddock > 62 cm
RHG (Feb. 2015) 93.2(88.4-97.7) 6.83(2.3-11.6)
6.2 85.2
SCSG (Feb. 2015) 99.0 (96.8 - 100) 1.0 (0.0 - 3.16)
> SCSG—RHG
* Engas & Godg (1989) found (in September 1986) escape on cod close to 23% for |mpr0VEd efflClency = T RHG
cod and 5% for haddock in the centre bag
* Ingolfsson & Jgrgensen (2006) found (in March/April 2003) escape on cod of 22% RHG-SCSG

for cod and 15% for haddock in the centre bag. Reduced SSCapes

* In both papers the length dependent escape is evident (and their fish sizes are
smaller than ours) and the experiments were done in different areas and periods.

RHG



Summing up the story and our conclusions

Despite several weaknesses identified in our research designs we do
believe the results reflects a good comparison to a commercial fishery.

The relative difference in efficiency between the RHG and the SCSG
ground ropes is significant for cod 39-105 cm. (Non-significant for haddock
due to overlapping confidence limits and few numbers of fish > 62 cm).

Our estimates of trawl efficiency are conservative (i.e. we didn’t cover the
sides of the ground rope).

The use of the conventional rock-hopper ground rope should be
reconsidered by the commercial fleet, i.e. more time and fuel is spent to
catch fish compared to the lighter semi-circular spreading gear.

We will continue to investigate this topic in new trials coming up in
November 2015 (and onwards) With improved research designs.

Thanks for your attention



