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Abstract

Technological developm ents were a m ajo r cause fo r the increased landings from  cap tu re  
fisheries in the second h a lf  o f  th e  last century . T he fishing vessels were m ade  m ore  pow erful, 
com bined w ith  th e  developm ent o f b e tte r fishing gears partly  as a consequence o f  the 
in tro d u c tio n  o f  synthetic fibres in gears like traw ls, purse seines and  gili nets. D evelopm ent o f  
gear hand ling  devices an d  electronic instrum en ts to  locate fish aggregations an d  co n tro l gear 
o p era tio n  were equally  im p o rtan t factors in this developm ent. Such im p o rtan t developm ents 
o f  fleet an d  fishing m ethods a re  briefly reviewed in  th is article. Besides technical developm ents 
aim ed to  increase fishing efficiency, recent developm ents have also included technologies and  
fishing practice, which reduces the  env ironm ental im pact including im proved selective 
perfo rm ance  o f  som e fishing gears resulting in  reduced bycatch  a n d  discards. T he article 
briefly provide an  o u tlo o k  o f  possible fu tu re  developm ents o f  cap tu re  fisheries an d  it concludes 
th a t  increased landings can  be achieved if  organism s low er in the food  chain  a re  exploited 
m ore  intensively w ith p ro p e r developed technology, and  th a t environm ental concerns will 
force  the industry  to  m ake  m ore use o f  responsible fishing gears and practices. ©  2001 Elsevier 
Science L td. All righ ts reserved.

1. Introduction

The global landings from  capture fisheries (inland and m arine) have increased 
dram atically  during the second half o f the 20th century. T he landings rose to  64 
m illion tonnes in 1970 from  abou t 19 m illion tonnes in 1950. Since 1990, the catches 
have stabilized a round  85-90 m illion tonnes [1] (see m ore about the developm ent o f 
catches in the chapter on trends in biological resources, this volume).

This grow th o f cap tu re  fisheries has been achieved th rough a com bination  o f two 
m ajo r factors. F irst o f all, the num ber o f  people occupied w ith fishing has increased, 
together w ith an  increase in the num ber o f  vessels and  their sizes. A nother im portan t
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explanation  for the increased catches is the dram atic  im provem ent o f  the efficiency o f 
fishing operations during the second h a lf o f  the 20th century.

The m ost significant examples o f technological innovation  have been seen in the 
larger sized industrial fishing fleets. Particularly , in the  1960s and  early 1970s 
pow erful new fleets were built which could operate far from  the base, using highly 
efficient gear such as th e  pelagic traw l and  the purse seine, and in som e cases with 
o n b o ard  processing o f the catch. T hen, in the 1980s cam e the  general extension o f  
fishing lim its following the U nited N ations Conference on  the Law o f the Sea 
(U N C LO S), which greatly reduced the fishing opportunities for d istan t w ater fleets 
and  the focus was tu rned  to  m iddle distance fisheries w ithin national limits.

Technology has also had som e im pact on the small-scale artisana l fisheries. 
H ow ever, innovations in this sector have been relatively simple. F o r exam ple, nets 
m ade from  synthetic fibres are m ore efficient and last longer. O u tboard  o r inboard  
m otors allow fishers to get fu rther afield m ore quickly, or to  su rround pelagic 
schools rapidly  w ith their nets.

This chap ter reviews m ajo r trends on how the global fishing fleet has developed 
during  the m ost recent years. This is followed by highlighting som e o f the 
developm ents in catching techniques th a t has had a m ajor influence on the increases 
in cap tu re  fisheries during the second ha lf o f  the 20th century.

2. The world fishing fleet

In  1995, the w orld fishing fleet num bered ab o u t 3.8 million vessels. A bou t one- 
th ird  o f  these were decked vessels, the rem aining were undecked, generally less than  
10m  in length. W hile alm ost all decked vessels arc m otorized, only abou t one-th ird  
o f  the undecked are equipped w ith an  engine [1,2].

A m ajo r p art o f the w orld’s decked fishing vessels is operating in Asia (Fig. 1). 
Follow ing two decades o f rapid  grow th in the num bers o f decked vessels, they have 
changed a little since 1990. In  fact, if it was n o t for the increase o f decked fishing 
vessels in  C hina from  60000 in 1980 to  460 000 in  1997, which partly  was a result o f  
p rivatiza tion  o f  the fishing sector, the num ber o f decked vessels in the w orld w ould 
have rem ained stable between 1980 and 1995. Figs. 2 and 3 illustrate the 
developm ent in num bers and  tonnage o f  the same fleet by the type o f  fishing. 
G illnetters and  vessels fishing w ith lines account for a considerable p ro p o rtio n  o f  the 
w orld  fleet o f decked vessels. Traw lers tend to  be larger and  m ore pow erful vessels 
an d  they  dom inate in term s o f tonnage, am ounting  to  ab o u t 40%  o f the aggregate 
G T  (G ross T onnage) o f the fleet.

F ishing vessels larger than  100G T (or larger th an  24 m ) am ounted to  37 000 
vessels in  1995. A pproxim ately, 40%  o f  these vessels belonged to  C hina, while no 
o ther coun try  had  m ore than  10% o f this fleet. This size o f the vessel is generally 
capab le  o f  fishing on  the high seas, bu t it is estim ated th a t a t least half o f  this fleet 
never does so. Lloyds M aritim e Info rm ation  Services (LM IS), which obta ins d a ta  
under exclusive licence from  Lloyds Register o f  Shipping, m aintains detailed 
in fo rm ation  on  individual vessels in this category. A  recent study, undertaken  by



J. W. Valdemarsen j  Ocean & Coastal Management 44 (2001) 635-651 637

1 ,400  

1 .2 0 0  

1 , 0 0 0  

800 

600 

400 

20  0 

0
^  4? 4? 4? 4? 4? 4? 4? 4? 4? 4?

- -  -

-

3  1 
ii«

1,400

1,200

,000

000

600

400

200

0

□  O c e a n i a  D F o r m e r  U S S R □  S o u th  A m e ric a □  E u ro p e
a r e a

□  Africa □  N orth  A m erica □  Asia
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Fig. 3. Tonnage by vessel type in the world fleet o f decked fishing vessels (FAO).

FA O , o f  vessels contained  in this register provides som e interesting insight in to  the 
developm ent o f  this fleet during the past few years [2].

In  1997, fishing vessels in the Lloyds register o f Shipping num bered 22 668. 
H ow ever, the L M IS  database contains virtually no  in form ation  on vessels registered 
in C hina, the D em ocratic People’s Republic o f K orea or T aiw an, Province o f C hina. 
F o r the rem aining countries, LM IS contains approxim ately 80%  o f vessels reported  
to  FA O  by m em ber countries.

The trend  in the num ber o f  larger fishing vessel can  be seen from  Fig. 4. Between 
1985 an d  1991 there was a  g radual increase in the num ber o f these vessels and  after 
1991 there has been a  significant reduction. This reduction certainly reflects the 
overfishing problem s experienced in  recent years when governm ents have im posed 
licence regulations an d  program m es to  reduce fishing fleets. T he present age profile 
o f  the larger vessels show n in Fig. 5 is also an indication th a t a further reduction  can 
be expected in this fleet segment in the com ing years, as vessels older th a n  20-25 
years can  be scrapped or are decom m issioned.

The developm ent o f vessel sizes and engine power is no t obvious from  the d a ta  set. 
T here have been developm ents in various directions, depending on the  fishing 
m ethod an d  the fish targeted and  no t least because o f variable fuel prices experienced 
during the  last q u arte r o f the century. Fuel is an im portan t running cost for several
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Fig, 4. N um ber o f fishing vessels over 100 tonnage (Lloyds database).
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Fig. 5. Year o f building o f  vessels in the 1997 dataset (Lloyds).

fishing m ethods, and  has therefore been an  im portan t factor to  consider when engine 
sizes had  to  be selected for new vessels. The global da ta , however, canno t identify 
such variations, bu t a general trend was th a t the far d istan t fleet, bu ilt in the 1960s 
and  1970s, m ainly by the then eastern-block countries, typically consisted o f m any
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la rger vessels for operating  pelagic trawls in  particular. The average horsepow er o f 
vessels in the Lloyds database is shown in Fig. 6. This figure illustrates to  som e 
ex ten t th a t m ore powerful vessels have been built in recent years. This coincides with 
relatively low fuel prices experienced over the last 10-15 years com pared to  the 
situation  following the in ternational fuel crisis after the wars in the M iddle East in 
the early 1970s. A nother explanation  for increased horsepow er in recently built 
vessels is the expansion o f the fleet o f vessels operating  large pelagic traw ls, as has 
been seen in the A laska pollack fishery and for m ackerel, blue w hiting and  redfish in 
the  n o rth east A tlantic.

3. Fishing vessels

T he design and  equipm ent o f  fishing vessels have changed considerably during  the 
20th century  consistent w ith the developm ent o f  the entire industry, increased 
com petition  on resources, and  the need to  travel fu rther to find fish. W ood rem ains 
th e  m ost com m only used m aterial for the construction  o f fishing vessels, though  in 
developed countries (and to a  small extent in developing countries) fibreglass 
reinforced  polyester (FR P) has replaced the use o f w ood in vessels up to  ab o u t 18 m , 
while steel is the preferred choice on larger fishing vessels. D evelopm ents in non 
m arine industries have influenced fishing vessels th rough  developm ents in  diesel 
engines, hydraulics, electronics and  refrigeration. In  developed countries, virtually, 
all classes o f fishing vessels are equipped with navigational and  fish finding aids,
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Fig. 6. Average HP of the present fishing fleet by date o f  construction (Lloyds).
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hydraulic or electrical equipm ent for handling the gear and  various m eans for 
preserving the catch. The safety of larger fishing vessels has been positively 
influenced by the im plem entation of G lobal M aritim e D istress and  Safety System 
(G M D S S) and  the in troduction  o f satellite based vessel position  m onitoring  
schemes, b u t still there rem ains no  in ternational legal instrum ent covering the 
safety o f fishing vessels. In  developing countries, the issue o f safety o f  vessels and 
their crews is largely neglected as a result of inadequate regulation and enforcem ent. 
A s the equipm ent o f  a vessel is often related to  the fishing m ethod, m ore  specific 
developm ents are m entioned under the description o f each o f  the m ajo r fishing 
m ethods below.

4. Fishing methods

Fishing m ethods have continuously evolved th roughou t the recorded history. 
F ishers are innovative people, who effectivley have m ade use o f  new technical 
developm ents an d  m odified it to  suit their purpose o f catching m ore fish. The 
opportun ities fo r innovation  have been especially good in  recent decades with 
advances in fibre technology, naval architecture, navigation aids, com puter 
processing, gear design and  acoustic fish detection, to  m ention  only a  few o f  the 
m ajo r technologies.

W hen review ing the outgoing century fo r events, tha t have h ad  substan tia l im pact 
o n  the developm ent o f fishing technologies and practices besides the  large scale 
m otorization  o f  the fleet, it is difficult to  find anything th a t overshadow s the 
in troduction  o f  synthetic fibres in fishing gears, which can  be dated  to  a round  1950. 
I t  can certainly be argued tha t the innovation  o f  the pow er block in 1953 was a 
perquisite fo r th e  developm ent o f m odern  off-shore and large-scale purse seining, bu t 
this technology was only m ade possible because of the stronger netting  m aterial 
m ade available from  synthetic fibres. Pelagic traw ling can also been considered as a 
m ajo r developm ent in  this century, b u t neither developm ent w ould have been 
possible w ithou t the strong  synthetic fibres.

The follow ing is a  closer look a t m ajor developm ents o f im portan t fishing 
m ethods, such as bo ttom  trawling, pelagic traw ling, purse seining, gillnetting, 
longlining and  a  few others, with particular em phasis on technological developm ents 
related to  the  efficiency and environm ental issues.

4.1. B ottom  trawling

M odern  b o tto m  traw ling techniques, using o tter bo ard s to  spread the gear 
horizontally , w ere developed by an  Irish fisherm an between 1860 and  1870. Its 
com m ercial use dates back to  the end o f  the last century [3,4]. Since then, it has 
developed to becom e the m ost im portan t fishing m ethod to  exploit high value fish 
and  shrim p resources living on o r in the vicinity o f the bo ttom . The gear has gone 
th rough  significant developm ent steps over tim e and is typically specialized fo r the 
targeted  catch . A  m ajo r feature o f a traw l is tha t it needs to  be towed th rough  w ater
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an d  therefore its resistance to  m ovem ent (drag) is o f im portance. A no ther fac to r is 
th a t such a gear has to  be tow ed across bottom s th a t are n o t always even and 
sm ooth. A  th ird  issue o f  increasing concern is th a t a traw l m ay catch  m ost o f  the 
organism s th a t com e in to  its path , resulting in bycatch and  discard ing  practices.

In troduction  o f synthetic fibres in  trawls in  the 1950s and the 1960s was a  m ajo r 
step to  increase the size o f  the  traw l w ithout increasing its drag. Since the  synthetic 
fibres like polyam ide, polyester, polyethylene and  polypropylene w ere in troduced , no 
m ajo r im provem ents o f  such fibres occurred before the  late 1980s, when a super- 
strong  carbon-based aram id  fibre was developed (Dynemea). This fibre has 4 -5  tim es 
the b reak ing  strength o f  the trad itional synthetic fibres, but because o f its high cost it 
is presently no t widely used as netting m aterial in bo ttom  traw ls. Its po ten tia l, 
however, is obvious and increased use is to be expected particularly  if the price o f  the 
m ateria l is reduced.

A n im portan t and relatively recent (10-20 years ago) developm ent o f  bo ttom  
traw ling technique is the use o f several parallel trawls rigged between two traw l 
doors. T his is a  technique tha t increases the horizontal fishing area  substantially , 
particularly  to  catch non-reacting  organism s like shrim ps m ore efficiently. T he tw in / 
double/m ulti-traw l rigging is now  com m on, used bo th  by larger deepw ater shrim p 
traw lers in northern  w aters, and by shallow w ater outrigger shrim p traw lers in 
tropical fisheries, which m ay use two trawls on either side tow ed from  outrigger 
beams. T h e  technique is also becom ing popular in various flatfish fisheries, and  even 
traw ling for som e roundfish species has been successful. Twin traw ls can be rigged 
w ith a bridle arrangem ent attached in front o f the  o tter boards as one option , bu t 
m any vessels operate w ith three parallel traw l wires handled by separate  winches. O n 
an  experim ental basis, three parallel trawls have been successfully rigged behind two 
traw l doors. F u rthe r developm ents and use o f  m ulti-traw l riggings can  thus be 
expected in the future.

B ottom  conditions where traw ling occurs are often variable, from  sm ooth  sandy 
b o ttom  to a rocky, uneven surface, where the risk o f  the fishing gear becoming 
entangled  on rocks or wreckage and  possible gear dam age is high. T h e  trend  in 
recent years has been tow ards fishing in worse and  worse bo ttom  conditions as well 
as going into deeper and  deeper w aters, where bo ttom  conditions often are know n to 
be fairly  rough. Traw ling in such areas has been m ade possible no t least w ith the 
developm ent o f rougher bo ttom  gears for protection  o f the m ore sensitive netting 
parts , first th rough  the use of gears w ith large rollers and later w ith the developm ent 
o f  the so-called rock-hopper gear. The latter gear allows traw ling in areas where 
stones o f  up to  2 m diam eter m ight occur.

T raw ling in  deep w aters dow n to  1500-2000 m was developed in the 1980s 
targeting  particularly  the valuable orange roughy, m ainly in South Pacific waters. 
F isherm en from  New Zealand prim arily  developed this fishery, bu t o ther countries 
soon becam e involved. Fisheries for o range roughy have now spread to  m any o ther 
areas w here new resources o f  th is species are located. T raw ling in such deep 
w aters requires pow erful deck m achinery and no t least instrum entation  to  locate 
the fish aggregations, to  provide accurate navigation and to  m o n ito r the gear 
during  fishing.



J. W. Valdemarsen I Ocean & Coastal Management 44 (2001) 635-651 643

Instrum ents for acoustic fish detection were developed fo r fishery purposes in the 
1940s as a  result o f  successful transfer o f a naval technology originally designed to 
detect subm arines. This is w ithout d o u b t the non-gear developm ent th a t has 
influenced the efficiency o f fishing operation  m ost. The m ajor instrum ents a re  the 
echo sounder and sonar, which both  have been significantly im proved during 
recent years [5]. C hanging from  paper recording o f  echoes to  the  co lour screen 
display was a m ajor developm ent during the late 1970s and  the com puterized 
processing o f echoes was a m ajor developm ent o f  the late 1980s, a  process which 
is still ongoing.

Instrum ents w hich m onitor gear perform ance have undoubtedly  been useful in the 
process o f  developing efficient traw ling in deep w aters and  in difficult w eather 
conditions as well as for the m onitoring o f m ore  com plicated gear riggings. The 
cableless transm ission o f signals from  the gear m onitoring sensors, attached  to  the 
traw l, was a  m ajor b reakthrough for such instrum entation  in the 1980s. T he w arp 
tension  contro l w as also an  im portan t developm ent in  the same period, facilitating 
traw ling in bad w eather. A very recent developm ent in th a t respect is a  sensor th a t 
m easures the sym m etry o f the traw l during towing, further im proving the precision 
whereby a  traw l can  be adjusted to  function  optim ally while fishing in changing 
conditions.

The feature o f  traw l catching and m ostly everything in its p a th  has increasingly 
becom e a  m ajo r concern and is one o f  the m ain reasons for the generally p o o r im age 
o f  traw ling as a fishing m ethod. In addition  to the target species, a  traw l catch might 
occasionally  consists o f juvenile fish and o ther non-target species tha t are 
subsequently  discarded. A lready in  the 1950s, larger codend mesh sizes were 
in troduced  in the N orth  Sea fisheries to  allow sm aller individuals to  escape from 
cap tu re . Since then, m any countries a round  the w orld have legislated m inim um  
codend  m esh sizes in their trawl fisheries. M esh size regulations alone, how ever, have 
lim ita tions as a  relatively wide range o f sizes still m ight be retained in the codend, 
w hich is a particu lar problem  when the target species are o f different sizes in the so- 
called multi-species trawl fisheries [6].

U ntil 1975, m anagem ent concern related to  traw l fishing was mainly focussed on 
the  cap tu re  o f  juvenile fish, which was, and  still is, often considered a practice tha t 
gives reduced yield o f  a fish stock. F rom  around  1975, however, cap ture o f n o n 
ta rge t non-fish species becam e an im portan t issue when environm ental groups began 
to  focus on the incidental catch and killing o f  turtles in  the tropical shrim p fisheries, 
a t  th a t tim e a  w idespread and  expanding fishery. These “ green” groups h ad  their 
origin in the U nited  States, a country  th a t has m ajo r fisheries for tropical shrim p in 
the  G u lf o f M exico. Such groups exerted strong  political pressure to  stop  the 
incidental killing o f  turtles by shrim p traw lers. D uring  the 1980s technical solutions, 
such as the T E D  (turtle excluder devices), were developed and  m ade m andato ry  in 
the  U S trop ical shrim p traw l fisheries [7]. O ther countries, having shrim p fisheries 
w here incidental ca tch  o f turtles could occur, were likewise targeted, and this 
subsequently  resulted in  an  unilateral US em bargo on shrim p im port from  countries 
th a t were no t com plying w ith m easures to  avoid tu rtle  capture while shrim p 
traw ling.
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Several o th e r technical solutions to minimize th e  cap tu re  o f non -ta rge t fish were 
successfully developed an d  introduced during the last p art o f  the  20th century. The 
ou tstand ing  s ta r am ong these developments was the N orw egian designed separa to r 
grid, used in the deepw ater shrim p fishery, which to  a  large extent solved the problem  
o f  bycatch during fishing, w hich in m any areas is considered a  non-sustainable 
practice [8].

Fish traw ls as well have been subject to  m odifications w ith respect to  size selection 
o f  the targeted  fish. Such m odifications have included the use o f m ore open meshes in 
the codend achieved by tu rn ing  the netting 45° until the mesh a ttains a square 
configuration  during fishing [9,10]. These mesh shapes facilitate the escapem ent of 
fish an d  result in be tte r selective properties. G rids acting as a  filter have also proven 
to  be superior to  trad itional diam ond meshes w ith regard to  size-selective 
perform ance [11].

4.2. Pelagic trawling

Since pelagic traw ling was invented in D enm ark in 1948 [12] as a two-vessel 
opera tion , the m ajo r developm ent has been tow ards larger gears, one-boat operation  
and the use o f  m ore powerful tow ing vessels. A m odern  traw l might have a m outh  
area o f  15000 m 2, w hereas 250 m 2 was typical for the first pelagic traw l designs, a 60 
times increase in catching volume. A m ajor step tow ards increased size o f  pelagic 
traw ls occurred  in  the  early 1970s when it was found tha t fish in the traw l m outh  
reacted by avoiding netting m ade from m uch larger m eshes than  they easily could 
escape th rough . This was the s ta rt o f a  developm ent o f  fron t parts w ith 10 m meshes 
(France) o r  o f  parallel ropes (Form er D D R ), which la ter have increased further to 
meshes m easuring 64m  in som e large pelagic traw ls used to ca tch  scattered 
concen tra tion  o f  redfish in the Irm irger Sea.

The pelagic traw ls are m ost com m only m ade o f  a four-panel construction , and 
typically the fro n t p a rt is now m ade from buoyant synthetic fibres, which is often a 
com bination  o f  m ore th an  one material. The aft part, including th e  codend, is 
norm ally  m ade from  nylon m aterial. The D ynem a fibre, m entioned earlier, has been 
used on an  experim ental basis in various parts o f the pelagic traw l to  reduce 
resistance, as th inner tw ine can be used from  this very strong  m aterial. T he benefit o f 
using such thin and  strong  netting seems to  be the m ost apparen t in the aft belly 
w here a significant p ropo rtion  o f the traw l drag  originates. The resistance o f  the 
traw l is approxim ately  90%  o f the to tal gear drag. The o th er 10% originates m ainly 
from  the  traw l doors, which also have undergone som e developm ent during  the 
evolution o f  this fishing m ethod, particularly w ith regard  to  steel m aterial used and 
handling. T he hydrodynam ic efficient Siiberkrüb d o o r developed in  the 1960s is, 
however, still a m odel fo r m any o f the m ost recent successful developm ents o f 
pelagic traw l doors.

Efficient pelagic fishing w ith traw ls relies to  a  g reat extent on instrum ents for 
localization o f fish aggregations and on instrum entation  to  m onitor th e  gear during 
fishing opera tion  [13]. S onar to measure density and  to  track  m ovem ent o f  fish 
schools ahead  o f  the tow ing vessel has been im proved and  is now com m only used in
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successful pelagic traw ling. Instrum ents to  m onitor the  entrance o f  fish into the trawl 
and  to  m on ito r the traw l shape during fishing as well as the filling o f  the codend  with 
catch  are standard  equipm ent on  m odern  pelagic trawls.

The pelagic traw l w ith its recent enlargem ents and new instrum enta tion  is now  
undoubtedly  the m ost im portan t gear to  exploit the  large resources o f A laska 
Pollack in  the N orth  Pacific and  blue w hiting and redfish in th e  N o rth  A tlantic . 
Pelagic traw ls are also an alternative gear to  purse seines for exploiting the m any 
herring, anchovy and m ackerel stocks th roughout the w orld. An im portan t 
developm ent in recent years is also the developm ent o f a pelagic traw l fishery for 
sm aller tu n a  species.

D evelopm ent o f a  fishery w ith large pelagic traw ls has been possible, no t 
least because o f the m echanized handling o f the traw l w ith large and  pow erful 
net d rum s, in troduction  o f  refrigerated sea w ater (RSW ) to sto re  large 
am ounts o f  fish in bulk an d  the  fish pum p, which can  rapidly take  onboard  large 
quantities o f fish from  a codend. Catches m ight often exceed 100 tonne in m any 
fisheries.

4.3. Purse seining

M odern purse seining was a result o f the two m ajor developm ents in  the 
1950s; in troduction  o f synthetic fibres as netting m aterial and  developm ent o f 
the pow er block [14]. The high efficiency o f purse seining was also due to the 
advances m ade in fish detection from  abou t the same tim e and  la ter [15]. 
Schooling fishes, such as m ost o f  the clupeoids, scom broids an d  carangids, were 
obvious targets for the  purse seiners. The fishing m ethod was so efficient th a t 
several im portan t fish stocks w ere subject to  serious overfishing in the 1960s and 
1970s. These included the P eruvian anchovy, Japanese sardine, South A frican 
sardine, A tlanto-Scandinavian  herring and the N orth  Sea herring. A fter depletion 
o f  som e o f  these stocks, their recovery was only possible th rough stric t regulations 
in fishing effort.

The purse seining technique has developed in different directions, particularly  
regarding handling  o f  the gear. T hree basic principles can be identified in  the present 
purse seine fleets. O ne is based on the original m ethod using a  single block, 
positioned high above the deck fo r hauling and  stacking o f the net. This m ethod 
dem ands norm ally  a  relatively large crew [15-25] for handling o f the net. This 
technique is still popu lar an d  is in use in several m ajor purse seine fisheries, such as 
fo r tu n a  by the US fleet fishing m enhaden, the Peruvian fleet fishing for anchovy and  
a  wide range o f A sian and A frican purse seine fisheries. The technique has evolved 
over tim e and  am ong recent developm ents are a  rail-m ounted roller th a t facilita te the 
hauling o f  heavy nets [4].

A nother system has been developed in N orway, the Triplex net hauling  device, 
consisting o f three rubber-coated  rollers ro ta ting  sim ultaneously in the  opposite 
d irection  o f  each o ther to  haul in  the net. The purse seine net is th readed  between the 
rollers to  create friction, and by this system the net can be operated  w ith large 
catches and  in rough w eather conditions. In  addition  to  the Triplex hauler, this
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system  consists o f a second transporte r block to  bring the net to  its stacking position 
on  the vessel. As a result o f  a dem and fo r reduction  o f  the crew o n  purse seiners in 
N ord ic  countries, in particu lar, the stacking o f the net was fu rthe r m echanized by a 
m anoeuvrab le stacking block, and handling o f  the net now requires only 3 -5  crew 
m em bers on  the largest purse seine vessels.

A th ird  system is the drum  seining, w here a stern drum  is used to  haul the seine. 
T his technique requires a special purse seine design, w here the netting  is o f  the same 
length as the float and  ground ropes. This technology is w idely used by sm aller 
seiners catching salm on off the N orth  A m erican W est C oast [16].

A m ajo r im provem ent in  the purse seine fishery occurred w hen the vessels were 
equipped w ith tanks for RSW  for storing the fish. This m ade it possible to  store and  
tran sp o rt large quantities o f fresh fish. F o r som e purse seine fisheries, freezing is the 
m ost com m on way to  preserve fish onboard  for longer periods o f  time.

A no ther developm ent tha t significantly facilitated purse seine opera tion , n o t least 
w ith  regard  to  reduced tim e for em ptying the gear fo r large catches, was the 
developm ent o f the fish pum p [17].

The purse seine fishery is norm ally regarded as a relatively “clean” fishery where 
the catch  m ainly consists o f a  school o f one fish species. There are, however, 
situations when non-targeted organism s are captured. The ou tstand ing  example, 
sim ilar to  the turtle issue in shrim p traw ls which has caused m ajor in ternational 
problem s w as the incidental cap ture o f dolphins in the tu n a  purse seine fishery. In  the 
late 1950s, an  efficient fishery for yellowfin tu n a  developed w ith purse seines, as it 
was fo und  th a t a  school o f dolphins on the surface often was associated w ith a school 
o f  tunas below. Encircling the dolphins thus resulted in a  catch o f tu n a  but in 
add ition  large quantities o f  dolphin  could be caught, which often entangled  in the 
netting  and  subsequently drow ned. A  substantia l effort was devoted to  solve this 
bycatch  problem . A  successful technique using a com bination  o f  a modified 
opera tion , the “backdow n m ethod” and  a panel o f  sm aller m eshes to  reduce 
entangling, the “ M edina panel”  was developed and is now m andato ry  in these tuna 
fisheries. B oth these m ajo r developm ents were a result o f  ideas and  initiatives by 
active fisherm en [18].

A n o th er and  m ore recent developm ent in  tu n a  fishing is to  target aggregations o f 
fish associated  w ith floating logs or m anm ade constructions called fish aggregating 
devices (F A D s) [19]. A  problem  experienced w ith this k ind o f purse seining is th a t 
th e  catch  often consists o f  m any small individuals, bo th  o f  the targeted tu n a  species 
an d  also o th er n o n -tuna  fishes. A t present, a  technical solu tion  to m itigate this 
p rob lem  has n o t been found.

By its natu re  o f operation , a purse seine will norm ally catch all the encircled fish. 
T o  avoid  gilling large am ounts o f  fish tha t eventually will try  to  escape, particularly  
w hen they becom e densely packed a t the final stage of the pursing operation , it is o f 
u tm ost im portance th a t the mesh size is small com pared  to  the targeted fishes. This 
non-size selective property  o f purse seines can som etim es cause problem s as when the 
encircled fish school consists o f  different sizes and when benefit is only seen in 
catching the high-valued larger fish. T here m ight also be regulations in places, where 
it is illegal to  catch and discard fish below  a  certain  size. Some recent experim ents
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w ith  size sorting  grids in the  purse seine have show n th a t this problem  can  be solved 
fo r som e species [20,21]. But the fish handling, before and  during escapem ent, 
th rough  sorting  grids m ay generate fish injuries and  later m ortality . M ore research 
on the survival o f escaping fish through such devices is therefore required before it 
can  be in troduced  in com m ercial fisheries.

A voiding o f  non-target fish sizes and  species can  also be achieved if  the fishers 
have in fo rm ation  ab o u t the school com position before it is encircled. T here are 
ongoing developm ents o f  sonar instrum ents th a t aim  at species recognition o f a 
target school and also to  have an  indication o f  fish sizes based on a  frequency 
d istribu tion  o f  the targets. This has to  some extent been successfully developed for 
vertical echo sounders [13,15].

4.4. Gillnetting

The gillnet is one o f  the predom inant and m ost efficient fishing gears used by all 
sizes o f fishing vessels all over the w orld, from  tropical regions to  under-ice fishing in 
the  A rctic region and  in m arine as well as in  fresh w ater. It has been used from 
ancient tim es and  is a simple and relatively cheap way o f  fishing dem ersal, as well 
as pelagic, species. I t  is certainly one o f the m ost energy effective m ethods in term s 
o f  fuel used per kg o f  fish caught. Before traw ling and purse seining, gillnetting 
was in troduced as a result o f  the m otorization  o f the fleet; gillnetting w as, in fact, a 
very p roductive w ay of fishing schooling pelagic resources, such as herring in the 
N orth  Sea.

As for the o ther m entioned gears, the synthetic fibre was also very beneficial 
fo r im proved catching efficiency o f gillnets. Particularly , due to  the im portance of 
the visibility o f gillnets, the in troduction  o f transparen t m onofilam ent nylon 
resulted in significant increases in its catching perform ance [22]. The synthetic 
fibre was also m uch stronger than the previously used natural fibres, and thus 
m ade it possible to  m echanize the gillnet opera tion  w ith hydraulic hauling 
equipm ent.

T he gillnet fishery expanded rapidly during the 1980s particularly in the Pacific 
O cean due to  the fishing vessels from  Japan , K orea and  Taiw an, Province o f China. 
These fisheries m ainly took  place on the high seas and  targeted species o f tuna, 
sa lm on and  squid. This fishery became an  in ternational issue o f concern w hen it 
becam e know n th a t the large fishing effort for these species was a th rea t to  the long 
term  sustainab ility  o f  such species, and  tha t such a  fishing practice represented 
a serious th rea t to  certain  non-target species, particularly  some seabird species 
and  m arine  m am m als (whales and seals) [23]. A lthough the conflict had  its ro o ts  in 
the Pacific, w here the  m ajo r fishing grounds w ere located , the U nited  N ations 
G eneral Assem bly adop ted  a resolution (44/225) to  ban all high-sea driftnetting  in 
D ecem ber 1990. In  recent years, bo ttom  set gillnetting has also been criticized 
because o f  its ability to  continue to  catch fish when the net cannot be retrieved for 
accidental reasons. T he gillnets which are m ade from  synthetic fibres are no t 
b iodegradable and  will continue to catch fish for a  long period o f time, the so-called 
“ ghost-fishing” .
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4.5. Longlining

U sing baited  hooks on branch lines attached to  a m ain  line fo r fishing started  
on  a  larger scale som e centuries ago when hooks could be industria lly  p roduced 
a t a  reasonable cost. In  N orw ay, longlincs were known a t least since the 16th 
century. D uring  the 20th century , longlining like the o ther fishing m ethods has 
been significantly developed, bo th  w ith regard to  individual hook efficiency 
and n o t least because the m echanization o f  operation  w hich has greatly 
increased the num ber o f  hooks to be operated by a  given crew. In  dem ersal 
longlining, the au tom atic  baiting m achine was developed in  the early 1970s 
an d  are now  com m only used by larger dem ersal longliners in all oceans. 
These m achines can  deploy up  to  40 000 hooks per day, an  increase of 
2 -3  times w hat is possible with m anual baiting, which requires a m uch larger 
crew.

Pelagic longlining is presently the m ost widely used fishing m ethod for deeper 
living oceanic tuna . Except fo r the hydraulic hauling equipm ent, which often 
includes a  d rum  for storing  the mainline, m ost o f the operations involved (baiting 
and  attachm ent o f  snoods) a re  still m anual [24].

Longlining is m ostly  regarded as an  environm entally friendly fishing m ethod. 
I t is selective as it m ainly catches larger individuals, it causes n o  dam age to  the 
bo ttom  hab ita t and  it requires less energy during fishing operation  than , e.g., 
traw ling [25].

Recently, grow ing concern has been expressed about the incidental ca tch  of 
seabirds during fishing operations, a phenom enon particu larly  com m on at 
higher latitudes, w here longlining can coincide w ith high densities o f seabirds. 
In  particu lar, the longline fishery in the southern  oceans was found to  take 
significant am ounts o f  different species o f  albatrosses and petrels, som e o f 
w hich are considered to  be endangered or threatened. D uring  the 1990s, 
technologies which can  reduce the incidental catch o f seabirds w ere developed, 
and  recently (1999) m em ber countries o f FA O  have adop ted  an in te rnational 
p lan  o f  ac tion  to  reduce the incidental catch o f seabirds in longline fisheries 
[26,27],

4.6. Jigging

The use o f  a vertical line w ith unbaited  hooks, where the up  and dow n m ovem ent 
o f  the hooks com bined w ith “ attractive” hooks is a widely used fishing technique 
bo th  in small- and  large-scale fishing. This fishing m ethod was m echanized in the  
1970s w hen electric m achines were developed which sim ulate th e  jigging m ovem ents 
an d  haul the  line when fish were caught. Such machines are now  com m only used in 
the  sm all-scale fishery for codfishes in northern  waters as well as by large ocean 
going vessels fishing fo r squids. In  fact, jigging to a large extent has replaced 
gillnetting fo r large squid, which is now  m ore or less phased ou t because o f the drift 
n e t b an  im posed by the U nited  N ations.
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5. Summary o f development during the last 50 years and an outlook

A general conclusion from  the trends described for the last 50 years is th a t the 
period between 1950 and  1975 was the  tim e for technical innovations in vessel and 
fishing gear designs and operation , w hich gave rise to  significantly increased 
production  o f wild m arine resources from  19 m illion tonnes in  1950 to  62 m illion 
tonnes in 1975, an  average annual increase o f 1.75 m illion tonnes. Substantial 
im provem ent o f w orking conditions for fishers, including safety, w as also seen in this 
period, which m ade fishing a m ore attractive occupation  bo th  w ith  regard to  income 
opportun ities and jo b  sta tus. The 1950-1975 period can  therefore be classified as one 
w ith m ajo r break throughs in technical innovations th a t increased fish production .

T he 25 years period after 1975 was first characterized w ith a continuous grow th in 
p roduction  from  wild fish stocks till its grow th stagnated  between 1985 and  2000. On 
average, the annual global catches from  capture fisheries increased by 1 million 
during  th e  last quarter o f the 20th century. In  fact, the average increase in  landings 
during  the  last decade was ~ 0 .5  m illion tonnes. A lthough technical developm ents 
th a t increased fish production  have been significant in the last qu arte r o f the 
ou tgo ing  century as well, this period have been the tim e w hen it becam e obvious th a t 
there is an  upper limit to  grow th in  wild fish production . A w areness o f  possible 
negative im pact on the environm ent o f  certain types o f  fishing has likewise becom e 
an  im p o rtan t issue. Consequently, m ore and m ore o f technical developm ents were 
d irected  tow ards fisheries conservation, e.g. technologies to  reduce unw anted 
bycatch during fishing. As o f the situation  a t the end  o f the century, still there are 
m any unsolved issues concerning overfishing and negative im pact o f  fishing on the 
environm ent, the fourth  quarte r could p robably  best be classified as a period when 
conservation fishing technologies were set on  the global agenda.

T he ou tlook  for the first quarte r o f  the new m illennium  is, for obvious reasons, 
difficult to  predict. H arvest o f  wild m arine fish can n o t be significantly increased 
unless organism s lower in the food chain  are exploited m ore intensively. Such 
organism s include small p lanktonic crustaceans (e.g., krill), m eso-pelagic fish and 
squids. W ith  im provem ents in catching technologies and increased dem and  for 
m arine  proteins, a possible scenario is th a t such organism s might be m ore utilized in 
the  fu tu re  and thus contribute to  an  increase in to ta l m arine harvest.

A n o th er likely developm ent is th a t m ore will be done to  add  value to  the cap tured  
fish. T he im pact o f the fishing operation  on such a  scenario is that p reservation  o f  
fish o n b o a rd  will be intensified with im proved techniques and  m ore w idespread use 
o f  existing high quality  preservation technologies. A  fu ture population  tha t dem and 
m ore fish pro tein  could probably also result in m ore use o f small pelagic fish for 
d irect hum an consum ption that is presently the case w hen 30-40%  of cap tu red  fish is 
used fo r anim al and fish feed.

Technical developm ents o f the fishing operation  as such will continue. The 
ongoing  electronic revolution will undoubtedly  have im pacts on fu ture ways o f 
fishing. B etter equipm ent to  locate and  identify sizes and species p rio r to  fishing 
o p era tio n  is likely to  be developed. Such equipm ent will help in the decisions to 
avoid cap tu re  o f  non-target organism s and  thus con tribu te to  m ore responsible
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resource exploitation. F u tu re  com m unication equipm ent will m ost likely to  be 
cheaper th a n  a t present and the am ount o f  in form ation  to be transferred  between 
any  positions is consequently  expected to increase significantly in the years to  come. 
O ne possible scenario o f such a developm ent is th a t m ore o f  opera tional decisions 
can be taken  ashore w hen m anagers and experts can have direct access to  
in form ation  ab o u t fishing conditions and vessel operational param eters.

The present m ajo r m ethods o f fishing are no t likely to  change d ram atically  during 
the first q u arte r o f  the 21st century. The focus on sustainable technologies and  
practices will m ost likely become even stronger than  a t present. T raw ling will 
therefore be developed to  be m ore selective w ith regard to  ta rge t sizes and species, 
and  the present d iscarding practice will be reduced significantly. I f  and when fuel 
cost increases substantially , it is likely tha t less energy dem anding fishing m ethods to 
som e extent will replace traw ling for certain species. Energy dem anding techniques 
will likewise be modified to have less towing resistance, by applying stronger and 
th inner tw ine and  to  som e extent m ake better use o f the behaviour o f  the targets 
during  the cap tu re  process.

W ith  these few ideas o f possible developm ents th a t m ight be seen during the next 
25 years, a suggested characteristic for the first q u arte r o f  the com ing century will be 
one o f responsible fishing techniques (let us hope!!!).
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