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ABSTRACT

This paper sum m arizes the results of survival ex
perim ents w ith  plaice and sole discards caught by 
com m ercial beam -trawl vessels and a research  
vessel fishing w ith an otter trawl, and w ith  soles  
escaped through the m eshes in covered-cod-end  
experim ents. In the comm ercial beam -trawl fish 
ery  the survival of both plaice and sole discards  
was estim ated  to be less than 10% . The survival 
of soles escaped through the m eshes was esti
m ated at 6 0 % . The survival of discards was nega
tive ly  affected by the catching process. During  
the catching process m ortality w as caused  
through the action of the tickler chains and the in
juries im posed during the stay in the net. Under 
present-day com m ercial practice the processing  
of the catch on deck hardly affects the survival of 
discards.

1. INTRODUCTION

Trawl fishe ries  for fla tfish are genera lly  m ixed fishe r
ies w ith  a varie ty o f target species. In the  North Sea 
the  fishe ry  for fla tfish  is m ainly carried out w ith beam  
traw ls, w h ich  are used in m ore than 75%  of the  total 
in te rna tiona l land ings of sole (Solea solea  L.), p la ice 
(P leuronectes p la tessa  L.), tu rbo t (S cophtha lm us  
m axim us  L.) and brill (Scophtha lm us rhom bus  L). 
Beam -traw l fishe ry  is characterized by a substantia l 
bycatch o f various species of fish and invertebrates 
and a cons iderab le  catch of dead m aterial such as 
stones, fossil she lls, sand, wood and garbage. A 
decreasing part of the total in ternationa l catch is 
taken by otter trawls. Both k inds of gear use tick le r 
cha ins in fron t o f the  ground rope to drive the  fla tfish  
from  the  sea bottom  so tha t they can be caugh t by 
the  net.

Sole fishe ry  in the North Sea has to be conducted 
w ith  a legal m in im um  mesh size of 80 or 90 mm. At 
these m esh sizes the  50%  retention length of so le  is 
26 o r 30 cm, respective ly (R i jn s d o rp  et al., 1981; 
van Beek e t al., 1982) and a  substantia l part of the  
unders ized so le  (< 2 4  cm) can escape through the 
m eshes. In other com m ercia l fla tfish  species, such 
as p la ice, tu rbo t and brill, which have a m uch lower

retention length than sole, the  num bers escaping 
through the m eshes are neglig ib le . Consequently 
d iscard rates in p la ice are m uch h igher than in sole 
( d e  V e en  & Ro d e n b u r g , 1971; d e  V e e n  e t a i ,  1975). 
Dab (Lim anda lim anda  L.), a com m ercia lly  less at
tractive flatfish species, is also d iscarded in great 
quan tities; tu rbo t and brill, however, are d iscarded in 
low quan tities as these species do not recru it to the 
fish ing grounds before reaching the  m in im um  land
ing size (d e  V e e n  et al., 1975).

To assess the  possib le  effects of technica l 
m anagem ent m easures such as m esh size regula
tions, closed areas etc., to im prove the  exp lo itation of 
p la ice and sole, know ledge on the  survival of plaice 
and sole discards is param ount. As on ly  in sole sub
stantial num bers escape through the  m eshes also 
the  survival o f these soles is im portan t to  evaluate 
the  effect of an increase in mesh size. In the  past 
research on the  surviva l of d iscards focussed on 
p la ice (G a r s t a n g , 1905; Bo r l e y , 1909; d e  V e e n  et 
a i ,  1975; K e l l e , 1976, 1977). Inform ation on the sur
vival of soles escaping through the  m eshes is lack
ing.

G a r s t a n g  (1905) concluded that the  v iab ility  of 
p la ice discards was good d irec tly  a fter catch ing , but 
tha t high m orta lity occurred during the ir stay on 
deck. B o r l e y  (1909) showed experim enta lly  tha t the 
survival of plaice d iscards was m ain ly  affected by the 
haul duration, the  presence of M edusae and the con
d itions on deck. Hot sunsh ine especia lly  caused a 
substantia l mortality. The survival of p la ice  d iscards 
in the  otter-trawl fishe ry  was estim ated to be below 
10% in m ost cases. In the  beam -traw l fishe ry  the 
cond ition  of p la ice d iscards was bette r and in short 
hauls under favourable cond itions 50 to  75%  of the 
catch survived (B o r l e y , 1909). The surviva l o f both 
p la ice and sole d iscards in the  shrim p fishery, em 
ploying a light beam traw l w ithou t tick le r cha ins but 
w ith  rollers attached to the  ground rope, was estim at
ed at about 50-60% , but was reduced to  20%  in 
p la ice  and 30%  in so le  when shaking sieves were 
used to sort the  catch (K e l l e , 1976).

The survival of d iscards in m odern fla tfish  fishery 
is expected to have changed with the  in troduction of 
heavy beam  traw lers at the  early 1960’s. In com pari
son w ith the otter- and beam -traw l fishe ry  in the be
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ginn ing o f the  century, the fish ing speed had in
creased to abou t 5 knots (9 km -h -1) in the  late 
1970’s and to about 7 knots (13 km -h-1 ) at present, 
and the  w e igh t o f the  gear, includ ing a large num ber 
of tick le r chains, increased to about 1O103 kg at 
present. A lso  the  tim e that discards are exposed on 
deck was reduced by the  in troduction of conveyer 
belts in the  early 1980’s to im prove the working con
d itions of the  crew.

The present paper sum m arizes the  results of the 
survival experim ents w ith p la ice and sole d iscards 
carried out between 1972 and 1982 on board of com 
m ercial beam  traw l vessels and a research vessel In 
the  North Sea. Add itional experim ents were carried 
out to  estim ate the  survival of soles tha t escaped 
th rough the meshes.

2. M ETHODS

Survival experim ents w ith p la ice and sole d iscards 
were carried  out on board com m ercia l beam trawl 
vessels opera ting under norm al com m ercia l cond i
tions. A dd itiona l experim ents were carried out with 
p la ice caugh t w ith  an otter traw l on R.V. ‘Tridens’. D is
cards were sorted from  the catch and the ir condition 
was c lass ified  accord ing the  scale given in Table 1. 
From each cond ition  class a random sam ple was 
taken and placed in a p lastic tank (size: 40x60 cm 
and 12 cm  high) w ith a m axim um  of 15 fish per tank. 
Stacks of about 10 tanks alm ost filled  w ith seawater 
were placed in a wooden fram e and supplied with 
con tinuous flow  of fresh seawater (Fig. 1). The tanks 
were p laced on deck in a  position where ro lling and 
pitch ing of the  sh ip  were m in im al. On board R.V. 
‘Tridens’ the  stacks of tanks were placed in a large 
closed basin o f seawater, w ith continuous flow. If con
ditions perm itted, the experim ents were checked ev
ery 12 hours and the dead fish was recorded and 
removed. The experim ent was term inated when all 
fish had died or at the  end of the  cruise. In a num ber 
of cases the  experim ent had to be stopped prem a
tu re ly  due to  the  weather conditions.

TABLE 1
Classification of the condition of flatfish according to the 

damage.

A: Fish lively, no visible signs of loss of scales or mucus. 
B: Fish less lively, some scratches and some scales miss

ing, mucus layer affected up to 20%, some small red 
spots on the blind side.

C: Fish lethargic, several scratches and some areas without 
scales, mucus layer affected up to 50%, several red 
spots on the blind side.

D: Fish lethargic, head reddish, many scratches and areas 
without scales, mucus layer affected for more than 50%, 
blind side with many red spots and haemorrhages.

sea wa te r  in

w a te r  o u t l e t  " =

Fig. 1. Experimental set-up used to estimate the survival of 
flatfish discards.

Survival experim ents were in itiated w ith  discards 
from  catches tha t varied in the  gear used (otter or 
beam  traw l), the  num ber of chains in front of the  net, 
haul duration (between 15 and 120 m in), fish ing 
speed, total volum e of the  catch and the  engine pow
er of the  vessel. A lso sea conditions (w ind force) and 
water tem pera ture  were considered. The techn ica l in
form ation of the  experim ents is sum m arized in Table
2. The length range of the  discards used in the  sur
viva l experim ents was 20 to  30 cm in p la ice and 20 
to 28 cm in sole.

In addition, the  effect of the  increasing processing 
speed on the  survival of p la ice d iscards was exa
m ined by com paring discard m orta lity o f plaice 
processed by the  trad ition al m ethod and of plaice 
d iscards processed w ith a  sorting device. By th is 
m ethod the  catch is dum ped in a water filled  contain
er w h ich supp lies a conveyer belt along w hich the 
catch is sorted and processed. D iscards and other 
unwanted m ateria l stay on the  conveyer be lt and are 
transported back to sea im m ediately. In the  sorting 
device used in our experim ents, the catch was kept 
wet w ith  sprink le rs  th roughou t the ir stay on the con
veyer belt.

The overall survival of the  d iscards (S¡) at ex
perim enta l tim e i was ca lcu la ted from the proportion 
(Pj) and the survival (S,j) m easured in each condition 
class (j =  1 .. 4) of the total d iscard catch according 
to:

s i = £FY s ¡j
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TABLE 2
Technical information on the survival experiments.

Exp.
numb.

horse
power

haul
duration

total catch x  40kg
n u m h e r depth

(m)
water air weather

cod-end cover o f chains temp. temp. cond. date

plaice: otter trawl (fishing speed: 3.5 knots) 

1 600 20 5.0 6 25-30 8 8 7 Nov 1972
2 600 60 5.5 6 25-30 8 8 5-7
3 600 60 5.5 6 25-30 8 8 7
4 600 60 5.8 6 25-30 8 8 8
5 600 100 5.8 6 25-30 8 8 7
6 600 100 8.8 6 25-30 8 8 8
7 600 105 8.0 6 20-30 6 5-6 - Feb 1975
8 600 105 8.0 6 20-30 6 5-6 -

plaice: beam trawl (fishing speed: 5.0-5.5 knots) 

9 1200 60 5 8 20-30 9-10 SW 1-4 Nov-Dee 79
10 1200 60 5 15 30-50 9-10 - SW 1-4
11 1200 120 10 24 20-30 9-10 - SW 1-4
12 1200 120 17 24 30-50 9-10 - SW 1-4
13 1015 110 4 24 20-25 12-13 - W 1-2 May-Jun 81
14 1015 60 1 8 20-25 12-13 - S 2
15 1235 120 22 24 20-30 18 - Var 2 Sep 1982
16 1235 120 22 24 20-30 18 - Var 2
17 1235 60 11 15 30-40 10 - 3-8 Dec 1982
18 1235 120 23 24 30-40 10 - 3-8

plaice: beam trawl, deck-processing with conveyer belt (fishing speed: 5.0-5.5 knots) 

19 1200 60 5 -  15 20-30 9-10 SW 1-4 Nov-Dee 79
20 1200 60 5 15 30-50 9-10 - SW 1-4
21 1200 120 10 15 20-30 9-10 - SW 1-4
22 1200 120 17 15 30-50 9-10 - SW 1-4
23 1235 60 12 15 20-30 16 - 7-4 Oct 1982
24 1235 120 22 24 20-30 16 - 7-4
25 1235 120 22 15 20-30 16 - 7-4
26 1235 60 11 24 30-40 10 - 3-8 Dec 1982
27 1235 120 23 15 30-40 10 - 3-8

sole: beam trawl (fishing speed: 5.0-5.5 knots)

28)1 1015 120 7.5 5.5 13 - 3 0 - S 1- 2 Aug 1980
29)1 1015 120 7.5 5.5 13 -3 0 - S 1- 2
30 1015 15 2.0 0.5 12 15-20 17 Var 2 Aug 1981
31 1015 60 4.0 1.0 12 15-20 17 Var 2
32 1015 120 7.0 4.0 12 15-20 17 Var 2
33 1310 30 3.0 0.5 16 20-30 16-17 W 2-3 Aug-Sep 1981
34 1310 60 4.0 1.5 16 20-30 16-17 W 2-3
35 1310 90 6.0 2.5 16 20-30 16-17 W 2-3
36 1310 60 3.5 3.5 16 20-30 16-17 W 2-3
37 1310 120 7.0 7.0 16 20-30 16-17 W 2-3
38 1310 15 0.5 0.5 16 20-30 16-17 W 2-3

)1 Irish Sea

The surviva l o f soles escaped th rough the  m eshes 
was estim ated in con junction  w ith m esh se lection  ex
pe rim en ts  on com m ercia l beam  traw lers  us ing the 
covered cod-end techn ique (R i jn s d o rp  e t a i ,  1981; 
van  Beek et al., 1982). The surviva l experim ents 
w ere  set up in pa irs, experim ent A w ith soles from

the cod-end and experim ent B w ith  soles tha t es
caped through the m eshes o f the  cod-end and re
ta ined in the  cod-end cover. The length range o f the  
fish was 18 to 25 cm. T he  fish w ere  not c lass ified  in 
cond ition  categories. Further experim enta l proce
dures were identical to  those app lied  in plaice.
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3. RESULTS

3.1. DISCARDS

The frequency o f occurrence of the d iffe rent con d i
tion c lasses of the  d iscards in the catch is shown in 
Fig. 2. The cond ition  of plaice discards was poorer in 
the  beam -traw l experim ents than in the  otter traw l. In 
both p la ice and sole the  cond ition  decreased w ith in 
creasing haul duration. Survival of the 4 condition 
classes (Fig. 3) corresponded to the  sub jective c las
sifica tion o f cond ition , but the survival curves of the 
sam e cond ition  class d iffered between o tte r and 
beam  traw l and between d iffe ren t haul durations. 
O bviously  not a ll in juries tha t may cause m orta lity 
were v is ib le .

p la ic e  o t te r  tra w l

p la ic e  beam  tra w l

In each experim ent th e  discard survival was es ti
m ated from  the m orta lity  rate in each cond ition  class 
and the proportion of th is  condition c lass in the  total 
catch . In general the  m orta lity  rate w as h ighest in the 
firs t 24 or 48 h and leve lled o ff afterwards (Tables 3 
and 4). However, in som e experim ents substantia l 
m orta lity  started  on ly a fte r 24 h.

The  overa ll surviva l w as  estim ated as the  survival 
a fter an experim enta l tim e  of 84 h. A fte r th is tim e 
m orta lity  apparen tly  ceased or was very  low  (Fig. 4). 
In the  few  experim ents stopped prem ature ly  after 60 
or 72 h, the percen tage o f surviv ing d iscards was ex
tra  pola ted assum ing a s im ila r m orta lity rate between 
60-72 h and 72-84 h as in the other experim ents.

O verall d iscard surv iva l was estim ated to  be be
tw een 0 and 50%  in p la ice and between 4 and 40%  
in sole. In p la ice the surviva l was low er in beam -traw l 
d iscards than in otter-traw l d iscards (M ann-W hitney, 
p < 0 .0 1 ) .  D iscard surviva l in the beam  traw l was

p la ic e  o t te r  t ra w l

so le  beam  tra w l
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Fig. 2. Frequency distributions of the condition (A, B, C or 
D) of plaice discards in otter- and beam-trawl catches of 60- 
and 120-min haul duration and of sole discards in beam- 
trawl catches of 60- and 120-min haul duration. Damage in

creases from condition A to D (compare Table 1).
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Fig. 3. Survival (%) of the different condition classes (A-D) 
in plaice and sole discards during maintenance in the hold

ing tanks.
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TABLE 3
Plaice: survival in percentage of discards (18-27 cm) and the number of fish at the start of each experiment (N). The bold 
figures are extrapolated values estimated under the assumption that the mortality between 60 and 72 and between 72 and 
84 hours was equal to the average mortality at this time in the other experiments. The figures in italics are interpolations 
by eye between the last observation at 36 hours and the final at 96 hours. The experiment number corresponds to the infor

mation given in Table 2.

Experiment
Number

N
Time interval (hours) after start o f experiment

0 12 24 36 48 60 72 84 96

Otter trawl: 

1

20 min 

40 100.0 100.0 87.8 62.6 35.2 32.5 22.8 22.8

Otter trawl: 60 min 

2 46 100.0 81.6 64.2 50.2 47.6 44.4 40.7 31.6
3 17 100.0 20.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 15 100.0 95.3 64.2 8.8 0.0 0.0 0.0 0.0 0.0

Otter trawl: 3 100 min 

5 30 100.0 71.6 66.9 52.3 37.4 31.8 16.9 15.7
6 28 100.0 82.2 64.4 53.5 45.4 41.2 35.0 32.2 -

7 63 100.0 100.0 96.6 90.3 86.9 79.0 67.7 54.1 -

8 41 100.0 82.5 74.9 57.6 47.2 35.1 33.0 30.8 -

Beam trawl: 

9

60 min 

45 100.0 75.6 56.7 37.8 31.1 22.2 17.8 14.3
10 79 100.0 93.7 87.3 68.4 49.4 36.7 29.9 24.0 -
14 112 100.0 54.4 45.6 36.5 21.5 16.2 11.6 5.7 5.7
17 44 100.0 100.0 93.2 56.8 38.0 28.0 20.0 15.0 11.4

Beam trawl: 120 min 

11 48 100.0 85.4 74.0 62.5 43.8 31.3 27.1 21.8
12 73 100.0 65.8 31.5 17.8 11.0 6.8 5.5 4.4 -
13 111 100.0 59.1 44.0 21.5 4.8 3.4 2.9 2.1 -

15 131 100.0 21.3 13.0 7.0 5.4 4.6 4.6 - 4.6 -

16 135 100.0 25.9 20.0 16.3 14.9 12.6 9.6 - 9.6 -

18 88 100.0 87.5 65.9 52.3 40.0 32.0 25.0 21.0 19.3

Beam trawl: 

19

60 min and deck-processing with a conveyer belt 

49 100.0 98.0 91.9 85.7 77.6 57.1 46.9 37.7
20 67 100.0 99.3 98.5 83.6 76.1 73.1 59.6 47.9 -

23 270 100.0 45.0 16.6 11.5 8.5 8.0 6.1 4.9 -

26 43 100.0 100.0 90.7 58.1 40.0 25.0 19.0 14.0 11.6

Beam trawl: 

21

: 120 min and deck-processing with a conveyer belt 

50 100.0 78.0 61.0 44.0 38.0 30.0 26.0 20.9
22 72 100.0 70.9 41.7 27.8 16.7 15.3 12.5 10.0 -
24 270 100.0 24.6 12.1 8.5 6.1 5.8 4.4 3.5
25 270 100.0 24.0 11.1 7.7 5.3 5.0 3.8 3.0 -
27 94 100.0 89.4 55.3 35.1 26.0 20.0 16.0 14.0 12.8



156 F.A. VAN BEEK, P.L. VAN LEEUWEN & A.D. RIJNSDORP

TABLE 4
Sole: survival expressed in percentage of discards (20-28 cm). N indicates and the number of soles at the start of each 
experiment. The bold figures are extrapolated values estimated under the assumption that the mortality between 72 and 
84 hours was equal to the average mortality at this time in the other experiments. The experiment number corresponds

to the information given in Table 2.

A: soles collected from

Experiment N  
Number

the cod-end
Time interval (hours) after start o f experiment

0 12 24 36 48 60 72 84 96

Beam trawl: 15-30 min

30 43 100.0 69.9 60.0 42.1 35.9 22.2 19.4 19.4 _
33 109 100.0 89.9 69.6 54.3 48.3 40.2 39.4 36.9 -

38 45 100.0 95.6 82.2 75.6 73.3 66.7 66.7 66.7 -

Beam trawl: 60-90 min

31 43 100.0 60.6 50.1 31.5 27.8 16.1 15.1 15.1 _
34 109 100.0 86.7 60.9 42.3 38.7 33.3 32.3 29.3 -

35 109 100.0 85.4 54.7 35.7 32.5 28.6 27.7 25.3 -

36 90 100.0 62.7 27.2 24.5 18.9 18.4 18.0 15.2 15.2

Beam trawl: 120 min

28 72 100.0 8.4 6.7 5.8 5.3 5.3 5.2 4.3 3.0
29 25 100.0 34.5 28.2 18.2 8.2 5.8 5.8 4.9 -

32 43 100.0 53.8 43.6 24.0 22.5 12.0 11.6 11.6 -

37 90 100.0 55.7 17.3 14.6 9.4 9.2 9.2 6.5 6.5

B: soles escaped through the meshes and collected in the cod-end cover
-  . t , Time interval (hours) after start o f experiment 
Exoeriment N
Number 0 12 24 36 48 60 72 84 96

Beam trawl: 15-30 min 

30 72 100.0 87.0 67.8 56.4 50.8 40.2 40.2 40.2
33 95 100.0 73.5 58.8 49.3 46.0 43.0 43.0 40.7 -

38 75 100.0 92.0 82.7 78.7 77.3 76.0 73.3 73.3 -

Beam trawl: 

31 i

60-90 min 

72 100.0 82.6 63.0 51.0 44.6 30.6 30.6 30.6
34 95 100.0 67.9 50.8 41.4 38.3 35.2 35.2 33.5 -

35 95 100.0 63.4 44.5 34.9 32.7 29.3 29.3 28.5 -

36 90 100.0 66.5 33.0 30.4 25.0 24.0 23.4 20.9 20.9

Beam trawl: 

28

120 min 

104 100.0 19.6 15.9 15.0 12.6 12.1 12.1 9.7 9.7
29 69 100.0 43.1 36.9 27.8 18.7 16.2 8.2 6.7 -

32 72 100.0 76.4 56.0 41.5 32.2 13.0 13.0 13.0 -
37 90 100.0 54.5 15.8 13.0 7.8 7.7 7.7 5.0 5.0
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Fig. 4. Survival (%) of plaice and sole discards from 2-hour Fig. 5. Survival (%) in plaice and sole discards after 84
hauls in the beam trawl experiments during maintenance. hours in experimental holding tanks in relation with haul

The vertical bars indicate the standard deviations. duration (min.).

h igh e r in hauls of 60 m in than in hauls o f 120 min 
(F ig. 5), the  relation being s ign ifican t in so le (S pear
m an r s = -0 .8 2 9 ,  n = 11, p < 0 .0 5 )  and m arg ina lly  
s ig n ifica n t in p la ice (Spearm an rs =  -0 .4 3 8 ,  n = 19, 
0 .0 5 < p < 0 .1 0 ) .  In o tter traw l d iscards of p la ice  the 
opposite  was observed, but the  num ber of d iscards 
of 60 m in hauls was rather sm all. W ater tem perature  
had a s ligh t bu t s ign ificant e ffect on the surviva l of 
p la ice d iscards in the  60-m in-beam -traw l hauls 
(Spearm an rs =  -  0.764, n =  8, p < 0 .0 5 ) and a m arg i
na lly  s ig n ifica n t in the 120-m in hauls (Spearm an 
r s = -0 .5 9 3 ,  n = 11, 0 .0 5 < p < 0 .1 0 ) .  Surviva l in 
creased at low er w ate r tem peratures. The m ethod of 
p rocess ing  the  catch on board did not a ffect the  su r
viva l o f p la ice discards in 120-m in hauls in a pa ir
w ise com parison of the 3 experim ents. In the  3 pa ir
w ise  experim ents  of 60-m in haul duration, no d iffe r
ence occu rred  between conveyer be lt and trad itiona l

processing in one experim ent (14.0 vs 15.0) but a 
substantia lly  h igher survival occurred w ith conveyer- 
be lt processing in the  two o the r experim ents 
(37.7-14.3 and 47.9-15.0). No s ign ifican t e ffect of the 
m axim um  w ind force on the surviva l o f p la ice d is
cards could be dem onstrated in 60- or 120-m in hauls 
(Spearm an rs =  -  0.166, n =  8, p > 0 .0 5 ;
rs =  -0 .2 8 3 , n =  11, p > 0 .0 5 ).

3.2. SURVIVAL OF SOLES ESCAPED THROUGH 
THE MESHES

A  num ber of experim ents were carried  out to esti
mate the  survival of soles escaped th rough  the 
m eshes and co llected in the cod-end cover. The sur
v iva l o f soles o rig ina ting  from  the cover was s lightly  
bu t s ign ifican tly  h igher than in those from  the cod- 
end (W ilcoxon ’s signed ranks test, P < 0 .0 1 ). The
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results, g iven in Table 4 and Fig. 6, show  that sur
viva l decreased with increasing haul duration and 
tha t substantia l survival occurred at short hauls o f 15 
m in. As the  decreased surviva l at longer haul du ra 
tions may be caused by the  pro longed stay of the es
caped soles in the  cod-end cover, the  extrapolated 
surviva l a t a haul duration of 0 min is about 60%  and 
th is  figu re  w ould give a cred ib le  estim ate o f the su r
vival o f so le  tha t escape through the meshes.
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>
>
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20  -

1 0  0 1 2  0 1 4  06 0 8 02 0 4 00

haul du ra tio n  (m in)

Fig. 6. Survival (%) (after 84 hours) of sole escaped through 
the meshes and collected in a cod-end cover of a beam 
trawl in relation to haul duration. The extrapolated survival 

at a haul duration of 0 min is estimated at 60%.

4. D ISCUSSION

Several fac to rs  m ay con tribu te  to the m orta lity of d is 
cards du ring  ca tch ing  and sorting  on board. The ex
perim ents presented in th is  paper a llow  a firs t 
eva luation o f the  main factors in fluencing the  discard 
m orta lity in m odern beam  traw l fishery.

A lthough the m aintenance conditions o f the  fish in 
the  tanks on board were care fu lly  m onitored and 
kept as op tim al as possib le, they m ay have caused 
som e add itiona l m orta lity. F ish can get sea sick and 
stressed; accord ing to Ke lle  (1977) stress is a m ajor 
cause of m orta lity. T here fore , our experim ents m ay 
have overestim ated the  true  m orta lity  of p la ice and 
sole d iscards. A lthough  the  additiona l m orta lity 
resu lting from  m aintenance can be investigated in 
experim ents in itia ted w ith fish not a ffected by the 
fish ing gear, ou r experim enta l set-up did not a llow  
th is . Two observa tions ind ica te tha t the  additional 
m orta lity is re lative ly low. F irst, no s ign ificant e ffect 
of ro lling and pitch ing of the sh ip  in poor weather 
cond itions cou ld be dem onstra ted fo r plaice. Se
cond, in the  otter-traw l experim ents, p la ice of cond i
tion  c lass A (no v is ib le  dam age) showed 100%

surviva l; in the  beam -traw l experim ents the survival 
of p la ice  and so le of cond ition  A was above 70%  
(Fig. 3). Repeated inspection o f experim enta l fish 
du ring  the experim ent showed that fish w h ich were 
recorded to  be undam aged at the  start of the  experi
m ent showed s igns of dam age later on in the  experi
ments.

To eva luate the  catch ing process itself, survival 
experim ents were in itia ted w ith  d iscards which 
d iffe red  in the  num ber o f tick le r chains, to ta l catch 
and haul duration. Because the num ber of experi
m ents was re la tive ly  sm all, on ly  a qua lita tive  evalua
tion is possib le. In both sole and plaice d iscards the 
surv iva l w as nega tive ly  corre la ted w ith haul duration, 
ind ica ting  tha t m orta lity  factors working in the  cod- 
end dom inated over the  effects o f the  tick le r chains. 
The tick le r cha ins w ill a ffect the  survival o f d iscards 
irrespective  o f haul duration. A m axim um  estim ate of 
the  con tribu tion  o f the  tick le r cha ins to  the  discard 
m orta lity  o f sole is given by the  extrapolated survival 
o f the  d iscards and of soles w h ich escaped through 
the m eshes at 0 m in, about 50%  and 60%  respec
tive ly . A com parison w ith the survival of about 25%  
in 60-m in hauls and 10%  in 120-m in hauls shows 
tha t besides the  possib le  e ffect o f the  tick le r chains 
a lso duration o f the  stay In the  cod-end substantia lly  
con tribu ted to  the  m ortality. In ou r experim ents haul 
du ra tion  and the tota l w e igh t of the catch were cor
re lated and the re fo re  it is not possib le to d isen tang le  
the  con tribu tion  of haul duration and tota l catch 
w eight.

The  m ain in ju ries  of d iscards which could be ob
served m acroscop ica lly  were the  loss of sca les and 
m ucus, and haem orrhages. The la tte r on ly appeared 
as da rk  patches on the  blind s ide of the  body several 
days a fte r ca tch ing . It is assum ed that these in juries 
w ere  m ainly caused by the scrap ing and pressing of 
the  various ob jects in the cod-end such as starfish, 
stones, shells, sand and pieces of wood. The nature 
and degree of the in juries w ill depend on the  com po
s ition of species and ob jects in the  catch. T h is com 
position varied between the experim ents but was not 
recorded. However, it is like ly  tha t the varia tion in 
com position  of the  catch con tribu ted to  the observed 
varia tion  in surviva l in com parable experim ents.

The  survival o f d iscards c lassified as e ither condi
tion A or B (not o r on ly s ligh tly  dam aged fish) varied 
greatly. T h is  va riab ility  is certa in ly  in fluenced by the 
cond ition  c lass ifica tion  being sub jective, bu t also by 
experim enta l conditions. In particu lar, tem pera ture  
and d irect sun ligh t are thought to play an im portan t 
role (K e l l e , 1976). A lso, inv is ib le  haem orrhages in 
the  bra in can develop from  oxygen defic iency. K elle  
(1977) showed tha t exhausted p la ice prevented from 
breath ing because they were com pressed in the  cod- 
end developed b leeding in the  bra in which was, in 
m ost cases, le thal. O ur experim ents do not a llow  a
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fu rth e r analys is  o f these factors. O ther factors tha t 
m ay con tribu te  to  the  m orta lity o f d iscards are 
depressuriza tion  (F e a t h e r s  & K n a b l e , 1983) and 
m uscu la r fa tigue  (P a r k e r  et al., 1959; B e a m is h , 
1966). The range of w ater depth of the  m ain fish ing 
g rounds in the  southern  North Sea is 10-50 m , so d is
cards  w ill experience  a fall in hydrosta tic  pressure of 
~  1 to  5 bar. As p la ice  and sole do not have a sw im  
b ladder the  e ffect of depressuriza tion w ill be re la tive
ly sm all in com parison with e.g. gadoids. As these 
fac to rs  w ill genera lly  cause a qu ick death (P a r k e r  et 
al., 1959; B e a m is h , 1966; F e a t h e r s  & K n a b l e , 
1983) the ir e ffect w ill be included in the  m orta lity  esti
m ates of ou r experim ents.

The h igher surviva l o f plaice d iscards in the otter- 
traw l experim ents and the reported h igh v ita lity  of 
p la ice  in the  h istorica l investigations (G a r s t a n g , 
1905) m ight ind ica te  tha t fish ing speed is probab ly 
an im portan t fac to r which am plifies the  m echan ica l 
dam age in flic ted  during the stay in the  cod-end.

O nce on deck the  discards are sub jected to 
m echan ica l dam age from  sorting, and to  tem pera
tu re  d iffe rences, sun and desiccation. The in fluence 
o f these factors on the  survival can be substantia l 
(B o r l e y , 1909; K e l l e , 1976) but is not considered in 
ou r experim ents. In som e of the p la ice experim ents 
the  catch w as not dum ped on deck and sorted  by 
hand, but w as processed m ore q u ick ly  on a conveyer 
be lt w here  the  catch was kept wet. M ost m odern 
beam -traw lers are equipped w ith such a device. 
C om parison of the  survival of p la ice d iscards 
processed by hand and w ith the  conveyer be lt 
showed a h igher survival in the  la tte r at haul du ra 
tions of 60 m in. O ther th ings being equal, th is  ind i
cates tha t the  processing on deck can actua lly  a ffect 
the  m orta lity  of d iscards and tha t the  qu ick  process
ing under con tinuous supp ly  o f w a te r g ives a s ligh tly  
be tte r surviva l. The negative effect on the  surviva l of 
d iscards of a long handling tim e on board was also 
observed by G a r s t a n g  (1905), B o r l e y  (1909) and 
N e il s o n  e t al. (1989). However, in m odern beam - 
traw l fishe ry  w ith  haul durations o f 120 m in the 
p rocess ing of the  catch on deck does not m easura
b ly a ffec t the  survival o f plaice d iscards as the  con d i
t ion  of p la ice  d iscards is a lready bad ly  reduced 
du ring  the  ca tch ing  process itself. This contrasts 
w ith  the  shrim p fishery, where the surviva l rate of 
abou t 50%  in p la ice and sole discards is subs tan tia l
ly reduced when the  catch is processed w ith a shak
ing s ieve (K e l l e , 1976). Rotating s ieves and 
spec ia lly -des igned  shaking sieves were shown to  im 
prove the  surviva l rate o f plaice d iscards (B o d d e k e , 
1989).

In practice  the  haul duration of com m erc ia l beam 
traw le rs  is in the  o rder o f 120 m in unless the  ground 
is very  rough and a high am ount o f bycatch necessi
ta tes a reduction in haul duration (d e  V e e n  e t al.,

1975). There fore, the survival of both p la ice and sole 
d iscards can be estim ated at 10% . T h is  percentage 
is a m axim um  estim ate, because it is like ly  tha t in the 
surviva l experim ents not all fish d ied w ith in  the  ex
perim enta l period of 84 hours on which the  above 
surviva l estim ate is based. The survivors are possi
b ly the fish captured in the last m inutes of the haul.

The survival experim ents w ith  soles co llected from 
the cod-end cover showed a  decreasing surv iva l rate 
w ith  increasing haul duration. The extrapo la ted sur
vival a t a  haul duration of 0 m in was estim ated at 
abou t 60% . The m orta lity o f soles escaping through 
the net m ay be caused by the  in jures in flic ted by the 
ca tch ing  process (tick le r chains, du ra tion  of stay in 
the  net) and during escape through the meshes. 
Sole can escape through re la tive ly narrow  m eshes 
by bend ing in the dorso-ventra l axis and squeezing 
through the mesh. W hen the  net is hauled in, many 
soles are seen to  be caught ha lfw ay through the 
m eshes ( ‘s teke rs ’). V isual inspection  o f such ‘stek
e rs ’ shows som e loss of scales. Inspection of the  ex
perim enta l sole that d ied also show  loss of sca les 
and haem orrhages. The estim ated surviva l of about 
60%  there fore  seem s a reasonable, but necessarily  
c rude  estim ate. It im p lies tha t the  ga in of an increase 
in m esh size w ill be low er than genera lly  ca lcu la ted 
assum ing that all soles th a t escape th rough  the 
m eshes survive.
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