





Review by Norman Graham
Background

In December 2005, ICES received a request from The European Commission to provide scientific advice and evaluation
of the following three points relating to the use of beam trawls capable of delivering electrical stimulus for the capture
of flatfish species.

a) What change in fishing mortality could be expected following the adoption of such gear in the commercial
fishery, assuming unchanged effort measured in KW-days at sea?

b) What effect would such a widespread introduction have in terms of (i) the mixture of species caught; (ii) the
size of fish caught?

c¢) What, if any, effects would such introduction have on non-target species in the marine ecosystems where this
gear was deployed?

This was considered by an ad hoc sub-group of WGFTFB in April 2006 (ICES, 2006). In response to point (c) of the
request, ICES (2006) made the following observations:

“Research in the freshwater environment has demonstrated that if excessive stimulus is applied, electric fishing
is damaging (Snyder, 2003). It can lead to mortality from stress, haemorrhaging, respiratory failure and spinal
damage. Often mortality does not occur for some days after exposure to the electric field. The extent depends
on exposure duration, pulse frequency, pulse shape (critical), pulse duration, voltage/power, conductivity, size
and species of fish/other organisms and proximity to the pulse source. All of these factors must be considered
when evaluating the effect of this gear on the ecosystem.

There are indications from the literature provided for this evaluation, that physical damage to fish may also
occur in the marine environment also, which could result in negative effects on both target and non-target
species that contact the gear but are not retained.

Stralen (2006) notes that cod have been observed with spinal damage (snapped). Such observations were only
noted in cod retained in the experimental (pulse) trawl and not in the conventional (control) gears.

This is a somewhat worrying observation as it may indicate that the pulse being used is excessive and fish are
being damaged in a similar manner to the observations made in the freshwater environment. This is likely to be
attributed to extreme muscle contraction caused by the pulse system. It is important to ascertain the extent of
this problem and also to assess if this occurs with other species (target and non-target).

The expert group concludes that more experimentation (aquarium trials) is needed in order to assess if any
negative effects (caused by excessive stimulus) are occurring. Data is required for a range of fish species (and
length classes) that typically encounter beam trawls. Such experiments have not been conducted to date.”

In response to the latter paragraph, IMARES has conducted further work to ascertain whether the earlier observations
by Stralen (2006) and other national work.

Methodology

Due to commercial confidentiality, the requirement that data on the pulse frequency, pulse shape (critical), pulse
duration, voltage/power is still not available which hinders the delivery of a full review of the potential impacts that the
system may have on target and non-target species. Notwithstanding, the further work on cod presented does provide
additional information as to the potential impact and the authors are commended for this.

The author’s note that tank tests were conducted “with pulse characteristics equivalent to the nominal menu
settings....which represent the average settings of the pulse properties”, they then go on to note that these can be varied
by +/- 20%. This raises concerns as the full range of settings were not tested and it is unclear what the impact of the
‘maximum’ setting could be. There are indications from the text that the upper end of the settings could be detrimental
as one fish died from vertebral injury. It is important to note that subsequent tests were conducted with a 15% reduction
in pulse amplitude. The earlier ICES response (ICES, 2006) recommended that test be conducted with a range of fish
lengths typically encountered by the beam trawl. The experiments were conducted on a narrow range of fish (41-55cm)
and as fish length is important in terms of reaction (a stronger response is noted with larger fish) the results can not be
extrapolated beyond the length groups tested. It is also worth noting that only 4 exposures were applied, when in
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practice this would be 6 under normal conditions. Therefore the tank tests can not be considered fully representative of
commercial conditions. ICES (2006) note:

“These need to be conducted on a range of fish species that are typically encountered by the beam trawl gear,
and with different length classes, both above and below MLS. In these trials it should be ensured that the
exposure of the fish matches the situation in sifu during the passage of the pulse beam trawl.”

There is insufficient information presented and there are also indications in the text (4 v 6 exposures) that the latter
comments above have not been fully dealt with and the narrow size range of fish and species reported fail to adequately
consider the first point above. Furthermore, ICES (2006) note:

“The orientation of the fish relative to the uniform field used in the tank experiments needs to be varied, as this
can significantly affect the stimulus applied to the fish. The intensity of the field should also be varied up to the
maximum field strength delivered by the electrodes given the non-uniform nature of the field. The precise 3D
distribution of the field in the area of the electrodes needs to be described. Data from these experiments can
then be used to help determine the effect of fish position, orientation and length relative to the electrodes under
commercial conditions. The fish should be subject to both internal and external examination post exposure.”

It is unclear from the work presented whether the orientation of the fish was considered, nor is it clear that the full range
of field strength setting were tested. In summary, it is not possible to ascertain whether the laboratory experiments were
comparable with the system under commercial conditions.

Results

The work presented demonstrates that the observations of vertebral damage observed by Stralen (2006) are a direct
result of electrical pulse stimulus. The results show that 25% of the fish subjected to the ‘near field” conditions were
injured and 20% of this test group died. The authors note that such close proximity could be experienced under
commercial conditions as cod tend to enter the net in a low position, and that “vertebral injuries may be higher in this
condition”. 1t is also worth noting that catch comparison data contrasting CPUE (kg/hr) between the conventional and
pulse system show that the efficient of the pulse system is 228% higher than conventional gear (although with a lower
towing speed). It is possible that this increase in efficiency is caused by a reduction in the escape response of cod (via
disorientation) and therefore the pulse system could represent a significant increase in cod catches through
technological development and could contribute a significant source of unaccounted fishing mortality if the system
causes damage to fish not retained by the gear.

Conclusions

The results show that the system is capable of inflicting vertebral damage leading to mortality of cod. If the system
resulted in the same levels of cod mortality as conventional gear, this only raises ethical animal welfare issues and this
need to be contrasted to the possible positive benefits of the system i.e. absence of tickler chains and associated
reductions in habitat and benthic invertebrate mortality. However, the system appears to have a higher fishing efficiency
for cod than the conventional gear and also has the potential to contribute to unaccounted mortality through fish
encountering the gear but not being retained. Given that there is a need to further reduce fishing mortality on cod,
widespread introduction of this system could potentially increase cod mortality rather than reduce it. As a result, this
reviewer considers that the introduction of this type of fishing equipment should not be permitted.
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1.6

Acronyms and terminology

Term / acronym

Description

Bayesian method

Biim
B,,
BMSY

Btrigger

Catchability

Cpue

Discards

Ecosystem
approach

Exploitation
boundary

Exploitation
pattern

F

Fishing mortality

Fp
Flim

Ftarget

Fmsy

F041
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Assessment method that quantifies uncertainties and formulates advice on the basis of
probabilities of reaching a limit or target point.

Limit reference point for spawning stock biomass (SSB)

Precautionary reference point for spawning stock biomass (SSB)

SSB that is associated with MSY.

Value of spawning stock biomass (SSB) which triggers a specific management action
The fraction of a fish stock which is caught by a defined unit of the fishing effort

Catch per unit effort: The quantity of fish caught (in number or in weight) with one
standard unit of fishing effort; e.g. number of fish taken per 1000 hooks per day or
weight of fish taken per hour of trawling. Cpue is often considered an index of fish
biomass (or abundance). Sometimes referred to as catch rate.

Are those components of a fish stock thrown back after capture e.g. because they are
below the minimum landing size or because quota have been exhausted for that species.
Most of the discarded fish will not to survive.

Ecosystem approach to fisheries management. Management that takes into account the
effects of fisheries on the ecosystem and the effects of the ecosystem on the fish stocks.

Threshold on exploitation (catch, mortality, effort) that is consistent with a management
strategy or international agreement (e.g. exploitation boundary consistent with
precautionary approach)

Distribution of fishing mortality over the age composition of the fish population,
determined by the type of fishing gear, area and seasonal distribution of fishing, and the
growth and migration of the fish.

Instantaneous Rate of Fishing Mortality. When fishing and natural mortality act
concurrently, F is equal to the instantaneous total mortality rate (Z), multiplied by the
ratio of fishing deaths to all deaths. Expressed on an exponential scale: F=0.5 means that
1-EXP(-0.5)=39% are removed.

Precautionary reference point for fishing mortality (mean over defined age range)
Limit reference point for fishing mortality (mean over defined age range)

Target fishing mortality in a management plan or management strategy

Fishing mortality consistent with achieving Maximum Sustainable Yield (MSY)

The fishing mortality rate at which the marginal yield-per-recruit (i.e. the increase in
yield-per-recruit in weight for an increase in one unit of fishing mortality) is only 10
percent of the marginal yield-per-recruit on the unexploited stock. The fishing mortality
rate at which the slope of the yield-per-recruit curve is only one-tenth the slope of the
curve at its origin.
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Term / acronym

Description

Fmed

F max

Fyq

Fecundity

Fishery

Fleet

FLR

HCR

Harvest Control

Rule

Harvest rate

High-grading

ICA

Lpue

Management plan

Management
strategy

Fishing mortality rate F corresponding to a SSB/R equal to the inverse of the 50th
percentile of the observed R/SSB.

Fishing mortality rate that maximizes equilibrium yield per recruit. F,, is the F level
often used to define growth overfishing.

F status quo

In general, the potential reproductive capacity of an organism or population expressed in
the number of eggs (or offspring) produced during each reproductive cycle. Fecundity in
fish usually increases with age.

Group of vessel voyages targeting the same (assemblage of) species and/or stocks, using
similar gear, during the same period of the year and within the same area (e.g. the Dutch
flatfish-directed beam trawl fishery in the North Sea). See also: fleet, metier.

A physical group of vessels sharing similar characteristics in terms of technical features
and/or major activity (e.g. the Dutch beam trawler fleet < 300 hp). See also: fishery,
metier.

Fisheries Library in R. The FLR library is a collection of tools in the R statistical
language that facilitates the construction of bio-economic simulation models of fisheries
and ecological systems. It is a generic toolbox, but is specifically suited for the
construction of simulation models for evaluations of fisheries management strategies.
The FLR library is under development by researchers across a number of laboratories and
universities.

An algorithm for pre-agreed management actions as a function of variables related to the
status of the stock. For example, a control rule can specify how F or yield should vary as
a function of spawning biomass. Also known as ‘decision rules’ or ‘harvest control laws’.

(= harvest ratio) Ratio between landings and total stock abundance (e.g. as estimated
from TV surveys for Nephrops).

The discarding of a portion of a vessel’s legal catch that could have been sold in order to
retain a higher or larger grade of fish that will bring higher prices. It may occur in quota
and non-quota fisheries.

Integrated Catch Analysis; Stock assessment method

Landings per unit effort, similar to cpue, but based on that part of the catches that are
landed and reported.

A management plan includes the decision-making processes (harvest control rules,
tactical decision making) and the sanctions on implementation and the requirements for
monitoring and reporting. Management plans may also exist in the form of rebuilding
plans or recovery plans.

Management strategies consist of objectives with associated performance criteria, the
implementation measures (e.g. input or output control) and what is considered a relevant
knowledge base for decisions.
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Term /acronym Description

Metiér

MSY

Population

R

Recruitment

Reduced
reproductive
capacity

SSB

SSB/R
S/R

SMS

Stock

SURBA

Surplus

production model
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Homogeneous sub-division of a fishery by fleet (e.g. the Dutch flatfish-directed beam
trawl fishery by vessels < 300 hp in the North Sea). See also: fishery, fleet.

TRIP ID
(gear, area, mesh size (target species))

Fishery 1 Fishery 2
m
Qo

a 2 | FleetA Métier p Métier q
= o
- N
m®
@5
28

g Fleet B Métier r Métier s
L

Maximum Sustainable Yield. The largest average catch or yield that can continuously be
taken from a stock under existing environmental conditions.

A group of fish of one species which shares common ecological and genetic features. The
stocks defined for the purposes of stock assessment and management do not necessarily
coincide with self-contained populations.

The amount of fish added to the exploitable stock each year due to growth and/or
migration into the fishing area. For example, the number of fish that grow to become
vulnerable to the fishing gear in one year would be the recruitment to the fishable stock
that year. This term mostly used in referring to the number of fish from a year class
reaching a certain age. For example, all fish reaching their first year are age 1 recruits.

When SSB is at a level where the stock reproduction is impaired as evident from
historical observations.

Spawning stock biomass. Total weight of all sexually mature fish in the stock.

Spawning Stock Biomass per Recruit: expected lifetime contribution to the spawning
stock biomass for a recruit of a specific age (e.g., per age 2 individual). For a given
exploitation pattern, rate of growth, and natural mortality, an expected equilibrium value
of SSB/R can be calculated for each level of fishing mortality.

Stochastic Multispecies Model; Stock assessment method.

A part of a fish population usually with a particular migration pattern, specific spawning
grounds, and subject to a distinct fishery. In theory, a Unit Stock comprises all the
individuals of fish in an area, which are part of the same reproductive process. It is self-
contained, with no emigration or immigration of individuals from or to the stock. On
practical grounds, a fraction of the unit stock is considered a ‘stock’ for management
purposes (or a management unit), as long as the results of the assessments and
management remain close enough to what they would be on the unit stock.

SURvey Based Assessment. Uses only relative abundance indicator(s)

Mathematical representation of the way a stock of fish responds to the removal of its
individuals. Usually a relationship between yield and/or cpue, and fishing effort or
mortality. Expressed in biomass.
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Term / acronym

Description

Sustainable

VPA

XSA
Year class

Yield per recruit

Can be sustained. In the light of the ICES interpretation of precautionary approach:
fisheries management that keeps stock(s) above B, and fishing mortality below F,,

Virtual Population Analysis. An algorithm for computing historical fishing mortality
rates and stock sizes by age, based on data on catches, natural mortality, and certain
assumptions about mortality for the last year and last age group. A VPA essentially
reconstructs the history of each cohort, assuming that the observed catches are known
without error (Powers & Restrepo, 1992). VPA is often used as a generic description of
an age-based stock assessment but this is not necessarily true because many stock
assessments are based on different (statistical) assumptions.

Extended Survivors Analysis; Stock assessment method.
All the fish of a stock spawned or hatched in a given year.

The expected lifetime yield per fish recruited in the stock at a specific age. Depends on
the exploitation pattern (fishing mortality at age) or fishing regime (effort, size at first
capture) and natural mortality.

The terms in this glossary are taken and adapted from a number of sources:
Cochrane, K. L., Ed. (2002). A fishery manager.s guidebook. Management measures and their application. FAO
Fisheries Technical Paper. No. 424. Rome, FAO.

FAO Fisheries glossary (http://www.fao.org/fi/glossary/default.asp )

NOAA Definition of Fisheries Technical Terms (http://www.nefsc.noaa.gov/techniques/tech_terms.html )
Powers J.E., and V.R. Restrepo. 1992. Additional options for age-sequenced analysis. [ICCAT SCRS/91/040.
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Figure 1.8.1 ICES Areas in the Northeast Atlantic
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Figure 1.8.2 ICES Areas in the Northeast Atlantic (detail)
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Figure 1.8.3 ICES areas in the Baltic.
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