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SUMMARY

Fish capture research is aimed at understanding how fishing gears work and the
knowledge gained is now being applied to develop more selective nets and cod-ends and
to assess the perfoMance of sampling trawls. Progress on the main gear and behaviour
research topics is reviewed briefly, including size and species selectivity, ﬁshmg effort
_ measurement mechanical performance scale and computer modelhng, mstrumentatlon
escape reactions and survival of ¢ escapmg fish. Aspects which need further study are
identified. Although current emphasxs is on apphcatlons it is essential to contxnue basic’
studies in parallel to mamtmn the flow of ideas. In future, fish capture studies may have
to include the wider economic, social and environmental aspects of fishing methods to
arrive at effective conservation measures.

INTRODUCTION
Fish capture research is aimed at understandmg how ﬁshmg gears work. Knowledge of
the reactions of fish to gear and of the mechanical performance of fishing gears has
developed steadily (Wardle and Hollingworth, 1993) and has now gained sufficiently wide
acceptance to be applied in fisheries management and science, for example in the design
of more selective cod-ends and of trawls for fish stock surveys. Empha51s in research
work has shifted from fundamental studies to obtaining quantltatxve information for
particular apphcatxons To maintain the momentum gained in research however, it is
essential to have a balanced programme of both basic and apphed work. Without this the
flow of new ideas will be inhibited. With the aim of stimulating debate, this paper bneﬂy
reviews the state of knowledge on the current themes of research in fish capture,

discusses how-these may develop and notes some longer term trends. Vessel design, - pr
although relevant to fishing gear development, is not consrdered

The key to progress in unravelling the processes of fish capture was the development of
suitable equipment and techmques underwater TV, towed vehicles, SCUBA diving on
gear and 1nstruments to measure gear forces and geometry. The original Justxﬁcatron for
investment in this equipment was to increase commercial catch rates (Stewart and
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MacLennan, 1987). It was also perceived that the knowledge gamed mlght be apphed to
refine methods of stock assessment and to 1mprove technical measures for fisheries
management. Although emphasis has shifted to 1mprov1ng stock conservation, progress
will still depend on the invention of new and more precise measurement equxpment

Fishing, like all basic prOductldn mdustnes has become highly efficient in purely economic
terms through the adoption of new technologles, for nawgatlon fish finding and capture

Capture efficiency has increased steadily, some stocks are over-exploited and the number
of vessels and fishermen needed to maintain catch levels is falling. Bycatch levels in the
mixed species demersal fisheries are high and there is an urgent need for fishing methods
which are more selective in the size and s specles of fish retained. Conservation, rather
than improved efficiency, has become the focus of fish capture research (MacMullen,

1986). It can be overlooked however, that improving ﬁshmg efficiency, eg by reducing fuel
consumption, is also a form of conservation. -

BASIC RESEARCH

Although fishing gear design and fish behaviour ¢ are often dxscussed separately, both must
be considered when examining capture by a partlcular gear. The subject is
mult1~dlscxplmary and involves fish physiology and behakur, hydrodynamles and
engmeermg Without drawing on all these sub_]ects iti 1s not possible to have a full grasp
of the processes.

It has pi'oved easier to quantify the mechanical performance of fishing gears than fish
behaviour in gears (Ferno, 1993). This is mainly because the efficiency and selectivity of
capture is highly variable, depending on biological, environmental and gear factors. More
of the variables can be controlled in a gear engmeermg trial than in a fishing experiment.
Output from behaviour studies has been essentially qualitative, descnbmg how fish react
to gears under various circumstances.

a) Behaviour

Principles of fish behaviour have been elucidated for mobile gears (Wardle, 1983), in
partlcular the importance of the visual reactlon, the role of the optomotor reflex and of
swimming endurance. Although obtained mostly from observations in relatively shallow,
clear water, these concepts have been found to apply widely. They account for observed

. events in ﬁsheries, eg the large changes in efficiency between day and night fishing in the

same area. There is still a need to develop quahtitative relationships.

Efforts have been made to develop quantltatlve theones of fish behaviour in gears
(Matuda, Llang and Sannomiya; 1993). The various stages in a capture process are
described mathematically and linked. Flow dxagrams can be helpful (Dickson, 1989) and
this type of work should be pursued as it identifies areas in which knowledge is weak or
absent.

Since it is possxble to collect large amounts of data and to analyse these readﬂy, there is

interest in mathematical models for coping with the many variables encountered in both
gear and behaviour studies. Models are usually the simplest equations which provide a

statlstxcally adequate fit to highly variable data. Itis difficult to extrapolate these models
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and there is merit therefore in trying to fit equations which have physxcal sxg‘mﬁcance and
can shed more hght on the problems

Studies of fish reaction to the stimuli provided by ﬁshmg gears are supported by a
knowledge of the sensory perceptxons of fish - vision, hearing, smell - and on their
swimming abilities and energy reserves (Wardle, 1987). Informatlon on what can ‘be
detected by fish has been related to the visual aspects of gears and components “of the
sounds generated by gears and of the chemlcals emitted by balts "This'is not an active
area at present though there is'a need to determme the visual capac1t1es of the 1mportant
marme fish to 1nvest1gate v1sual thresholds pattern recogmtlon and vxsual aculty

Underwater observation of nets has focused interest on visual reactions (Main and
Sangster, 1981), partly because divers and underwater vehicles can operate only in limited
depths and above threshold light levels. Although some work has been done in condxtlons
of near darkness, there is a need to explore more fully what happens in darker and more
turbid water Flash photography has been used to assess reactlons in darkness but turbid
water presents a greater problem. Acoust1c methods seem appropnate, tagging has been
used in conjunction with acoustic scanning but this is a costly approach (Arnold et al.,
1990). It may be that when visual detection is not possible, mobile gears will act more
like sieves, but this possxbxhty needs to be mvestlgated Fish may move randomly when
touched by the gear, which has 1mp11cat10ns for size selection. It would be useful to
estimate the proportlon of ﬁshmg time spent under low nght condltxons (as deﬁned by the
v1sual abilities of the fish).

Most of the work on the reactions of fish to ﬁshmg gears has been on smgle boat trawls.
This gear is relatlvely stable during a haul and easier to study than the seine net and pair
trawl Divers have observed fish in seine nets in shallow water but little is known of the
reactions of the main commerclal species in normal ﬁshmg depths. Size selection takes
place throughout the process of herdmg by towmg wires and bndles and durxng entry to
nets when escape under the groundline and over the headline can take place. There
appear to be differences between gear types in the select1v1ty of the whole system which
can lead to larger numbers of small fish entermg some nets. Fishin the mouth of a seine
net for example, should be less tired than in a trawl and larger fish may escape more
readily from the cod-end. Although it is poss1ble to brmg mdependently powered and
towed vehicles close to these other nets, an addmonal vessel is reqmred and the exercise
is costly and difficult to execute ‘Self-contained cameras mounted on and near the nets
may be a practlcal way to make observataons '

of non-target specxes Separator trawls have been constructed (Main and Sangster 1982)
and shown to work in certain fisheries but commercial and research interest has declined.
Perhaps more effort should be directed to looking for aspects of behavmur which can be
used in separatlng gears"

The need to reduce the high mortality of juvenile fish caused by ﬁshmg has directed study
to the behaviour of fish i in cod-ends The reasons why fish leave a ‘cod-end need to be
clarified. Visual stimuli appear 1mportant for inducing fish to pass through the meshes
-provided they have the energy reserve to make the attempt (Glass, Wardle and Gosden,
1993). Cod-ends should be designed to provide the correct stlmuh then water speed and




temperature will determine whether a fish has the ability to escape. More work is needed
in this area to define the hmxtmg conthlons for various species.

Accurate measurements of cod-end selection parameters are needed by both fishery
managers and stock assessment scientists. Improved methods of measurement have been
dewsed the non-obstructing hooped cover and the twin trawl (with a small mesh cod-end
on one side) but data analysxs needs reﬁnement (Millar, 1992). This is a current theme
for the ICES FTFB working group and progress is l1kely Ideally, a measurement
techmque is needed which does not involve the use of small mesh covers since these may
mfluence fish reaction and g1ve biased results. It may be poss1ble to apply pattern
recognition techmques to extract from video records information on the size distributions
of the fish -entering cod-ends ThlS approach will however require considerable
development work.

The survival rates of fish whlch escape from nets through meshes are critically important.
These fish’ may suffer scale damage and subsequently die. If so, mesh regulatlons have
little Justlﬁcatxon for conservation of the stocks. Effort in this area is expanding
mternatxonally (Sangster, 1992) and techmques of mvestxgat:on are bemg devised to
retam and study ﬁsh whxch escape durmg a haul The question of survival of ﬁsh which

should contmue to reach substantlve conclusmns

Fish behaviour around static gears merlts more study. Most data on set nets, for
example, relates to catch’ comparisons (Reis and Pawson, 1992) and more needs to be

known about the enwronmental condmons under which fish approach and enter nets.
Visual methods are very restncted in range and smce nets are long, the chances of
collectmg enough observatlons to make adequate assessments are slim. Acoustxc methods
would probably be more productive. Baited traps and long-hnes have been given more

attentlon (Olsen and Laevastu, 1983) and there is scope for studymg the dxspersal of the
attractmg chemlcals

b)  Gear Performance

Existing instruments enable the mechanical performance of gears to be measured fairly

thoroughly (MacLennan, 1982). Any new gear or vanant can be assessed in detail and

the shape and drag of the gear related to water speed.” Much has been learnt about the

shape, resistance and manoeuvrability of nets and the operation of otter boards It has

not proved easy to transfer th.ls mformatlon to the fishing mdustry One consequence is
. that vessel towmg power and. gear resxstance are still often not well matched. The recent

EC supported exercise on comparmg the performance of different types of otter board
. (Anon 1993) has made a serious attempt to make technical information available and
may help commumcatlon in future

There are several ﬂume tanks in ICES member states. The cost of conducting model/full
_ scale performance compansons on nets has inhibited detailed 1nvest1gatlon of the
modelling rules. Work on modelhng otter boards has been successful but the more

omplex rules for nets need to be well understood to maximise the value of ﬂume tanks
for gear development Recent work supported by the EC, has been very encouraglng and
there is scientific merit in pursumg this topic as it is hkely to clanfy many aspects of gear
, performance and modellmg




Computer modelling of nets (Ferro, 1989) is also useful since it highlights areas where
knowledge is limited or 1nadequate Present models are based on wind tunnel or flume
tank measurements of nettmg resistance and use a lot of computer time to evaluate the
shape of ‘a net under tow More effort in this area should also be productive of basic
ideas. -

Net design programmes for computers emerged from these studies and are gradually
being adopted by net makers. ICES played a part in settmg agreed standards for
specifying nets (Anon., 1989).

The materials used in fishing gears are of great economic importance to the industry. An
understanding of the properties of the materials is essential to gear research and most

 institutes have devoted some effort to this area. Major changes are likely to come from

manufacturers of twmes a1m1ng at stronger, thinner yarns wh1ch absorb little sediment.
The gauges used to measure mesh size - wedge or ICES gauge - have hm1tat10n5° the
former i in controlling the apphed force and the latter in deahng with heavy twme A new
desxgn is needed. The increasing use of' heavy twine in cod-ends to reduce selectxvxty
indicates that a method of determlmng twine thickness at sea will be needed. Some work
has been done on ‘this topic in relation to fresh-water ﬁshenes (Wllhamson, 1993). Itis
a sen31ble course of actlon for institutes to have a small programme of work on matenals
to malntam awareness of developments ‘

c) Instrumentation Requirements

Underwater vehicles are probably the most important devxces available at present for fish
capture work (Urquhart and Stewart 1993). More manoeuvrable and smaller versions
would help. A two-stage 'RCV may be'an option, with a smaller vehicle tethered to the
headline which carries a control package with a cable link to the vessel for power. Use
of self-contamed camera and recorder systems, especlally if m1matunsed would enable
more to be leamt about enc1rclmg gears.

A long range spreadmeter (up to 1,000 m) for use on seine nets and pair trawls is till
reqmred A s1mple and reliable device for measuring the angle of attack of otter boards
is another reqmrement Several 1deas, 1ncludmg flow direction mdlcators and flux gate
compasses, have been tried with hmxted success. Acoustlc dev1ces to measure cod-end
diameter are under development and means to measure mesh opemng in situin a cod-end
would be useful. Photogrammetry can ‘be applxed to obtain precise descrxptxons of net

: shape (Kroeger 1992).

Acoustic scanners for use in poor light conditions are available but expensive. Both
electromc and mechamcally scanned versions are available but have not been widely used
in ﬁsh capture work. The up-date rate of mechamcal scanners is rather low for trackmg
ﬁsh m mobxle gear but can be used around statxc traps
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APPLICATIONS
1. Fisheries Management

Fisheries regulations aim to conserve the stocks by reducing ﬁshmg mortality. The

present approach is mainly to restnct fishing effort and mesh sizes to aid the escape of
small fish.

Fishing effort is currently estimated from vessel size, engine power and time spent
fishmg Restrictions on vessel d081gn encourage the adoption of more efficient methods
of capture to limit loss of catch and also encourage the building of "rule-beaters” - vessels
specxally ‘constructed to avoid the regulatxons It is the’ ﬁshmg gear however, and not the
vessel which actually catches the fish and it would be more accurate to define effort in
terms of gear size and performance Work is needed to compare gear performance and
catches by dlfferent methods to assess how much the ﬁshmg effort exerted by a vessel can
vary dependmg on the gear used With such information, fishing effort could then be
more accurately estlmated by consxderxng the combmatxon of vessel and gear.

Minimum mesh size regulations have been applied for a long time to limit the retention

and dlscardmg of small fish by mobxle gears. Although effectlve in selectlon experiments

this regulatlon is often meffectwe in the fisheries. Mesh size is only one of the factors
determining mesh opening and it is easy to reduce mesh opening by altering cod-end
geometry (Stewart 1991). Adequate opening can be achieved by altering the cod-end
shape using square mesh or rigid grids. All these methods reduce dxscardmg but
comphcate the gear to some degree. Enforcement of gear regulatxons isa problem and
comphance appears to depend on the economlc pressures on a fisherman. If the loss of
marketable fish resultmg from proper use ofa 'selective cod-end is deemed too great, there
isa temptatlon to alter the cod-end to retain these fish. Th1s aspect of management needs
to be con51dered when new rules are mooted (MacLennan, 1990)

Demersal gill nets are inherently more size selective than towed gears. The publicity
ngen to sea bird and sea mammal by—catches in surface drift nets has given a misleading

~ impression of the by-catch levels in demersal set nets which are normally much lower.
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‘There would appear to be a case for encouragmg the wider use of this gear type This
‘would only be feas1ble if it could be demonstrated that the by-catch of sea birds and

mammals was very small and if reserved sea areas could be created from whlch mobile
gears were excluded to prevent conﬂxcts Research will be needed to 1nvest1gate and
minimise by-catch levels. The economlcs of larger scale ﬁshmg thh demersal set nets is
in doubt. These nets are usually deployed where fish concentrate naturally and ‘such
opportumtles are hmlted What i is a limiting fish density for the profitable use 'of set
nets" Some economlc 1nvest1gatlon may be worthwhlle

Techniques to separate species are urgently reqmred in the mixed specles demersal
fisheries managed by quota allocatlons The discarding of over-quota species is 1nev1table

unless grounds are closed or the act of discarding is heavily penalised. Wider: tnals of - -

existing separator trawls and study of other separation methods, eg using square ‘mesh
panels and grids, is Justlﬁed Due attention should be given to the feasibility of dev1smg
and enforcmg regulations for such complex dev1ces

The current concern of conservationists over by-catches of sea birds and sea mammals
may lead on to xncreased publxc mterest in all the actlvxtxes of the fishing 1ndustry,




partlcularly when other species are affected. It is likely that more investigation of by-
catches and dlscardmg will be requlred and more effort devoted to developmg capture
techmques which minimise these effects. The ef‘fect of fishing gear on the flora and fauna
of the sea ‘bed (Bergman and Hup, 1992) is ‘also a developing i issue. Some fishing gears,
such as beam trawls and dredges, do d1sturb the sea bed s1gmﬁcantly Worthwhlle
studies of the’ subject are mevxtably expensxve since they must be de31gned to cope with
the hxgh natural levels of varxablhty of populatlons in time and place.” It is likely that
more work wxll be reqmred in this area to provxde a ba31s ‘of information enablmg
discussion to proceed probably towards the restrxctxon of gear sizes and types permltted
in sensxtxve areas. ’

. Recent experience has shown that ﬁshenes management needs a multi-disciplinary

take a longer term V1ew mmmg at stablhty Bio-economic issues need to be considered
when devxsmg management strategles F1sher1es laboratones rarely have any expertlse
in economics and might find it difficult to deal with the "softer" science approach used in
economics. Useful dialogue between fish capture experts and economists mxght be
established by con51dermg fishing operations at the level of the smgle vessel or method
(van Marlen, 1988) rather than at whole ﬂeet level

2. Fisheries Science

Stock abundance surveys require consistent sampling methods to produce reliable indices.
Although a samphng trawl may be constructed to meet rigid specxﬁcatxons, its catchmg
efﬁcxency w111 vary accordmg to how it is used and on the environmental cond1t10ns
(Hagstrom 1992) Towmg speed and light level W1ll have s1gn1ﬁcant eﬁ'ects on catch

;;;;;

m surveys and should 1mprove the quahty of the data collected

Cod-end selection data are needed for all the important species and gears in the major
fisheries to assess fishing mortality fully. Seasonal variations need to be determmed and
the effects of gear changes mtroduced by ﬁshermen need to be momtored It should be
noted that the selection data emergmg from expenmental work albelt on commerclal
vessels, describes ideally ngged cod-ends whereas those in use in a ﬁshery may be less
than ideal. Whati is needed is an estimate of the cod-end selection parameters of the gears
actually used by a ﬂeet Consxderatxon should be ngen to obtmmng such estlmates

3. Fisheries Development
The information obtained by sclentxsts on fish behaviour and gear performance is

available to the fishing 1ndustry as reports and especlally as v1deo-ﬁlms Since ﬁshermen
have traditionally adapted the1r gear to max1m1se eﬁiclency in any ﬁshery, the new

. information will assist the process. Any measures which increase capture efficlency may

be apphed to reduce costs rather than mcrease catches and this is 1mportant when total
catch size is hm1ted by quotas

The equipment and techniques developed for scientific purposes can be used toinvestigate
questxons of 1nterest to the ﬁshxng mdustry The small size of most of the enterpnses




inhibits expenditure on R&D and there is a reliance on Government agencies for such
work. Exploratory ﬁshmg in deep water and the testmg of new gears are: examples

New materlals for gear construction are of value. Stronger twine leading to reduced gear
" drag and more durable twine would reduce costs. on-degradable materials for set nets
to deal with the "ghost" nettmg problem wou]d also be welcome. The cost of fuel is not
a problem for the fishing industry at present but in the longer term it is likely to
reappear. This should stimulate interest in low drag nets, better matchmg of vessels and
gears and statxc methods of ﬁshmg

CONCLUSIONS

This text has dealt mainly with ‘the continuation of existing themes in fish capture
research but some trends have been noted which may come to dominate future work. The
economic, social and environmental factors mﬂuencmg the 1mplementatlon of new
fisheries regulatlons should be con31dered to ensure that decisions are taken which will
be effectlve in practxce. The technical means to reduce fishmg mortalxty are avaﬂable but
the real constraints are economic and soc1al Conservatlon issues may become even more
important if public concern about the wider impacts of fishing i increases. In future,
multx-d1sc1plmary studies of fishing methods may be encouraged to provide fishery
managers with the breadth of information needed to develop effective measures of control
acceptable to the 1ndustry ‘

The demand for data to support conservation measures will, in the short term, require
sustamed act1v1ty on cod-end mesh selectxon and ﬁshmg effort measurement. The
pressure to concentrate on these areas of apphed sc1ence should not be allowed to starve
activity in basxc science. Modellmg of fish capture processes mathematlcal modelhng of
selecthty and gear shape and scale modellmg should all continue as this work wﬂl pose
new questxons and increase understandmg Progress will depend on the provision ‘of new
and more prec1se mstrumentatlon
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