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ABSTRACT- As dem ersa l  fishing gears  are towed across the 
se ab ed  they dig up or d a m ag e  infauna. Dab L im anda lim anda  
L. a re  know n to ag g reg a te  in a rea s  d is tu rbed  by trawls.  We 
d em ons tra te  tha t  dab  alter their diet and  increase  their food 
in take  w h en  feeding in these  areas.  A lthough dabs  are  f re­
quently  caugh t  in large  num bers  as par t  of the by-catch of 
commercial  flatfish fisheries, an d  a large proportion of these  
die, they rem ain  the most a b u n d a n t  flatfish species in the 
North Sea. Fisheries have  selectively  rem oved  species that 
p rey  upon  or com pete  with dab. Furthermore ,  fishing activity 
increases feed ing  opportunities for dabs. T hese  factors may 
have contr ibu ted  to the obse rved  increase  in the ab u n d an c e  
of dab  in the North  Sea.
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Dab L im anda lim anda  L. is the most a b u n d a n t  flat­
fish species in the North Sea with an  es tim ated  bio­
mass of 2 million tonnes (Daan et al. 1990). Dab are 
widely d istributed th roughou t the whole North Sea 
and  are  found at dep ths  of up to 100 nr; however, the 
vast majority of the population  occurs in the sou th ­
eas te rn  North Sea on shallow (<30 m) sandy  substra ta  
(Daan et al. 1990). Dab are  caugh t as a by-catch of the 
plaice P leuronectes p la tessa  L. and  sole Solea solea  L. 
fishery in the North Sea. Their  survival rate  after c a p ­
ture  in trawls is at  most 24%  (Kaiser & S pencer  1995). 
Despite this h igh by-catch mortality the biomass of dab  
has either rem a ined  relatively constant or increased  in 
a reas  of the central North  Sea over the last decade  
(Rijnsdorp et al. 1992, H eessen  & Daan 1996). Several 
explanations for the stability of the dab  population 
have been  forwarded. Intensive fishing in the North
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Sea since 1945 has re d u c e d  the population  size of 
p reda to ry  fish species such as cod G adus m orhua  L. 
which feed  on d ab  (Daan et al. 1990, G re en s t re e t  & 
Hall 1996). Eutrophication  th rough  an thropogen ic  
activities has led to an  increase  in the ab u n d a n c e  of the 
brittlestar A m ph iura  spp. in the North Sea (Duineveld 
et al. 1987, Lindley et al. 1995), which are  an  im portant 
com ponent in the diet of d ab  (Duineveld & van  Noort 
1986). In und is tu rbed  sed im ents  A m ph iura  spp. are 
positioned with their  oral discs bur ied  within the sed i­
m en t while their arms p ro trude  from the sed im ent 
surface. Under these  circumstances, dab  graze the e x ­
posed arms, while leaving the oral disc intact (Duine­
veld & van  Noort 1986).

The pas sag e  of bottom trawls across the s e ab e d  d is­
turbs, injures or kills a variety of epi- and  infaunal an i ­
mals, which are ea ten  by scaveng ing  species (Kaiser & 
Spencer  1994, 1996a). In the North and  Irish Seas, dab  
are  one of the first scavengers  to a g g re g a te  in recently  
trawled areas, and  consequently  may gain  extra food as 
a result of trawling activity (Kaiser & Spencer  1996b). 
The benefits of extra food g e n e ra te d  by fishing activi­
ties may, in part,  ou tw eigh  the  nega tive  effects of by- 
catch mortality for the dab  population  in the North  Sea.

As par t  of a la rge r  study exam ining  the ecological 
effects of trawling on ben th ic  communities,  we e x a m ­
ined the possibility tha t  dab  inc rease  their  in take  of 
food in a reas  of the  s e ab e d  recently  d is tu rbed  by fish­
ing gears.

M ethods. O ur expe r im en t  was carried  out at  a dep th  
of 40 m on a fine m u d /san d  sed im ent in the Irish Sea 
approxim ate ly  12 nautica l miles offshore from W alney 
Island, Lancashire, UK. All fishing was carried  out 
during daylight using the RV 'Corystes'.  The ship's 
position was asce rta ined  from a differential global 
positioning system (accurate to within 5 m) re layed  
th rough  Sextant navigational software.
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The exper im en ta l  protocol was as follows: 3 parallel 
lines, each  250 m apart, w e re  initially sam pled  with a 
relatively light b e a m  trawl. The cen tre  line was then 
fished with a heavy  com mercial beam  trawl. All 3 lines 
w ere  resam pled  at 3 time intervals after fishing with 
the  com m ercial gear.

The  com mercial g ea r  chosen  for this expe r im en t was 
a 4 m  w ide  beam  trawl r igged  with  a chain  matrix and  
an  80 m m  d iam ond  m esh  codend  (Kaiser & S pencer 
1994). This gear  is commonly used  by an  increasing  
fleet of b ea m  trawlers <300 hp  in the seas of nor thern  
Europe. The trawl was fished a long the  sam e plotted 
w ayline  (1500 m long) 10 times which disturbs a strip 
of se a b e d  30 to 40 m wide. This line w as te rm ed  the 
‘t rea tm e n t  line'. The area  w as then  left und is tu rbed  
overn igh t (10 h) to allow scavengers  to a g g re g a te  on 
the  d is tu rbed  area. A light 2.8 m w ide beam  trawl 
fitted with 6 tickler chains and  a 4 cm squa re  m eshed  
codend  was used  to sam ple  the  3 lines both  before and  
after f ishing with the  com mercial trawl. A lthough the 
light traw l w ould  unavoidably  crea te  its own d is tur­
bance, the m a g n itu d e  of this d is tu rbance  w as consid­
e re d  to be  m uch  less than  that caused  by the com m er­
cial trawl w hich  w eig h e d  ca 3.5 tonnes in air (cf. 
400 kg). Six sam ples  w ere  collected from both  the 
t rea tm e n t  and  ad jacen t  unf ished  control lines using 
the  light trawl a l te rna t ing  b e tw e en  the  lines at random  
to avoid effects of tidal and  diel varia tion  in feeding 
activity. Tow duration  w as s tandard ised  to 15 m in  at a 
towing sp eed  of 2.5 knots. Dabs from each  catch  w ere  
counted. Forty dabs  w ere  collected at r andom  from 
ea ch  set of control and  t rea tm en t  sam ples  and  frozen 
for la ter  analysis. This p rocedu re  w as rep e a te d  at 24 h 
in tervals  for a further  3 d.

In the  laboratory, dabs  w ere  th a w e d  an d  their  total 
leng th  m e a su re d  ± 1 mm. S tomachs w ere  th e n  r e ­
moved, d issected  and  the  contents w ash e d  into a 
w atch  glass. O rganism s p resen t  in each  s tom ach w ere  
sorted, coun ted  and  identified to species level w hen  
possible. W hen  par ts  of organism s w ere  p reva len t 
these  w ere  rem oved  and  their  dry w eigh t m e asu red  
after drying at 60°C for 24 h. Empty bivalve shells w ere  
not included. Counts of organism s w ere  only m ade  
w h e n  positive identification of individuals w as possi­
ble, e.g. the  p re se n ce  of the  oral disc of brittlestars.

Differences in the m e an  (In transformed) n u m b e r  of 
dabs  ca u g h t  per  1000 m 2 on the control and  t rea tm en t 
lines w ere  com pared  for each  day using a generalised  
linear m odel analysis of var iance (ANOVA) with a 
m ultiple  com parison test for the  com parison of differ­
ences  b e tw e e n  pairs of control and  t rea tm en t  samples. 
The m e a n  leng th  of dabs  collected for s tom ach  con­
tents  ana lyses  from the control and  t rea tm en t  lines 
w ere  co m pared  using  a f-test. The w eights  of stom ach 
contents w ere  d iv ided by the leng th  of each  fish to give

a s tandard ised  index of food consum ed per  fish length  
(SC/FL). The data  were  highly skewed, h ence  the 
differences be tw e en  the trea tm ent and  control lines 
for each  day w ere  tested using the non-param etr ic  
Kruskal-Wallis test (K-W). Experience has show n that 
the sam e g round is rarely  sam pled  with the 2.8 m beam  
trawl, hence  each  sam ple  is considered  to have been  
collected at random. Consequently , a r e p e a te d  m e a ­
sures p rocedu re  is inappropria te . The num ber  of p rey  
e a te n  for each  sam ple of 40 dabs collected from the 
control and  t rea tm en t  line w ere  com pared  using either 
a ch i-squared  test or a Fisher's exact test assum ing  an  
expected  ratio of 1:1.

Results. The m e an  density  of dab  was significantly 
lower on the trea tm en t  line for 48 h after it had  been  
fished with the  com mercial beam  trawl (Fig. 1). This 
contrasts with an  earlier study in w hich Kaiser & 
Spencer  (1996a) repor ted  that dab  w ere  3 times more 
a b u n d a n t  in traw led  areas  for at least 48 h after the 
initial d isturbance.

T here  w ere  no significant differences b e tw e en  the 
m ean  lengths of the dab  collected for stom ach con ­
tents analyses from the t rea tm en t and  control lines 
(Table 1). Prior to d is turbing the seabed  with the com ­
mercial trawl, the majority of stomachs of dab  col­
lected  from control and  t rea tm ent lines contained 
unidentifiable  digesta  (Fig. 2). Digesta was most prev- 
elant in the stom achs of dab  sam pled  from the control 
line, w hich resu lted  in a significantly g rea ter  SC/FL 
index for these  dab  (Fig. 3 ; K-W, H  = 19.9, p < 0.001). 
However, this m ay be explained  by the relatively high 
proportion  of em pty  stomachs of dab  collected from 
the trea tm en t  line (Fig. 3). The arms of A m phiura  spp. 
occurred  in a smaller proportion of stom achs prior to 
trawling (< 15 %) (Fig. 2). Immediate ly  after creating  
the trawling disturbance, none of the stomachs 
ana lysed  contained  digesta  only, all con tained  iden ti­
fiable, and  recently  consum ed prey. However, the
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Fig. 1. Lim anda lim anda. M e a n  densi ty  (±95%  Cl) of dab 
sam pled  on the  t rea tm en t  (■) an d  control {•) lines before  (-1) 
a n d  at 24 h periods after crea ting  the fishing d is tu rbance  

(1 to 3). ‘ Significant differences (p < 0.05)
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Table  1. Lim anda lim anda. M ean  (± SEM) leng th  (mm) of dab  
sam pled  for stomach contents  analyses from the traw led  and 
ad jacen t  unfished a reas  on consecutive  days before  (-1) and  
after (1 to 3) c rea ting  the fishing d is turbance.  Forty dab 

w ere  sam pled  p e r  t rea tm en t  p e r  day

Day: -1 1 2 3

Treatment 187.2 ±4.1 195.0 ± 2.5 193.9 ± 3.6 191.1 ± 5.2
Control 184.1 ±5.7 195.7 ± 2.7 186.5 ± 4.0 187.0 + 4.9
ANOVA F|,78 0.15 0.01 1.03 0.72

P 0.6 0.9 0.3 0.4

composition of the stom ach contents differed for dab  
collected from the control and  trea tm en t  lines. A 
la rger  n u m b e r  of the stom achs of dab  collected on the 
control lines contained A m phiura  spp. arms com pared  
with those of fish collected on the trea tm en t  line (Fig. 
2; Fisher's exact test, p < 0.001). In contrast,  the  s tom ­
achs of dab  collected from the trea tm en t  line con­
ta ined  m uch  la rger  num bers  of oral discs of A m phiura  
spp. than  those collected on the control line on 3 con­
secutive days after the initial d is tu rbance (Fig. 2; yp = 
228.3, p < 0.001). Im mediately after the fishing distur-
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Fig. 2. Lim anda lim anda. N u m b e r  of prey  ea ten  or the 
n u m b er  of stom achs contain ing e ither d iges ta  or parts  of prey  
for a sam ple  (n = 40) of d ab  from the control (white bars) or 
t rea tm en t  lines (black bars) at time intervals before  a n d  after 
c rea ting  the fishing d is turbance.  The  n u m b ers  g iven  m  the 
figure for d iges ta  indicate the n u m b er  of em pty  stomachs
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Fig. 3. Lim anda  lim anda. M ed ian  ± first quarti le  SC/FL index 
for the  stom ach  contents  of d ab  sam p led  from the  t rea tm en t  
(■) or control (•) a rea s  at t ime intervals before  an d  after c r ea t ­
ing the fishing d is tu rbance.  *Significant d i fferences (p < 0.05)

bance,  the  SC/FL index  of dab  collected on the t r e a t ­
m e n t  line h ad  inc reased  significantly since the  p rev i­
ous day  and  w as significantly h ighe r  than  for dab  col­
lected  on the control line (Fig. 3; K-W, H  = 7.29, p < 
0.008). Thereafter,  the SC/FL index  did not vary  s ig ­
nificantly for dab  collected from e i ther  t rea tm en t  or 
control lines (Fig. 3).

D iscussion. We have  dem ons tra ted  e lsew here  
(Kaiser & Spencer  1996a, Ramsay et al. 1996) tha t  n o n ­
ta rge t  fish, in particular  dab, an d  inverteb ra te  species 
m igra te  into a reas  of the se ab e d  tha t have  b ee n  d is­
tu rbed  by traw ling activity. Previous studies sugges t  
tha t whiting, g u rn a rd s  and  herm it crabs inc rease  their 
food in take  in these a reas  (Kaiser & S pence r  1994, 
Ramsay et al. 1996). However, in the p re se n t  study, 
dab  did not inc rease  in a b u n d a n c e  in the  d is tu rbed  
a re a  com pared  with the  control areas. The density  of 
dab  prior to d is tu rbance  w as similar in bo th  the p resen t  
and  Kaiser & Spencer 's  (1996a) study (m ean ± 9 5 %  Cl 
(confidence interval) p e r  1000 m 2: 12.6 ± 2.2, p resen t 
study; 13.0 ± 0.6 Kaiser & S pence r  1996a). Both studies 
w ere  carried  out in autumn,- however, the  hab i ta ts  
w ere  different. The site exam ined  in the p re se n t  study 
is at  a dep th  of 40 m in turbid  w ate r  with  little if any 
light pene tra t ion  at the seabed , w h erea s  Kaiser & 
Spencer 's  (1996a) site was in shallow er w a te r  (14 to 
20 m) with less turbidity. We have  observed  a similar 
d ifference in the pa t te rn  of response  for o ther  scav­
engers  s tudied  at these  2 sites (Ramsay et al. in press). 
The contrasting  responses  probab ly  re la te  to dif­
ferences in h ab i ta t  characteristics (depth, turbidity, 
light and  currents). N everthe less  our results  indicate a 
m a rk e d  inc rease  in the in take  of p rey  for fish sam pled  
on the  d is tu rbed  line (Fig. 2). While the  species found 
in the  d iet did not vary, fish feed ing  on the d is tu rbed  
line a te  la rge  num bers  of the  oral discs of A m ph iura  
spp., w h e rea s  they  would  normally  graze  the arms 
which p ro trude  from the sed im en t (Duineveld & van
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Noort 1986). O ur results suggest  tha t as the tickler 
chains pass th rough  surface layers of the sediment,  
they  dig out or expose entire  bn tt les tars  increasing 
their  susceptibility to p reda tion  by dab. This would 
explain  the large increase  in oral discs in the diets of 
dab. We believe this is the  first study to dem onstra te  
tha t d ab  increase  their in take  of food by feed ing  in 
a reas  d is tu rbed  by fishing activities. Fishing p ressu re  
in the  N orth  Sea has led to a decline in the populations 
of la rger  ta rge t  species such as cod and  plaice, 
w h erea s  the  relative a b u n d a n c e  of sm aller  non-targe t  
species has  inc reased  (Gree ts treet & Haii 1996, Rijns- 
dorp et al. 1996). Dab rem ain  the  most ab u n d a n t  
flatfish species in the  North Sea, and  their num bers  
h av e  inc reased  in certain  a reas  (Heessen  & D aan  
1996). Various explanations have been  su g g e s ted  for 
the  ch anges  obse rved  in North  Sea dab  populations. 
Eutrophica tion  in the  coastal w aters  of the  easte rn  
North Sea has increased  the b iomass of ben th ic  inve r ­
teb ra tes  which correla tes with im proved  g row th  rates 
for small size-classes of p laice and  sole (Rijnsdorp & 
L eeu w en  1996). Offshore, in d e e p e r  water, a reduction 
in the  a b u n d a n c e  of la rger  size-classes of these  fish has 
b ee n  l inked to b e a m  trawling effort (Millner & Whiting 
1996, Rijnsdorp & L eeuw en  1996). Despite  high by- 
ca tch  mortality rates for dab  (Kaiser & S pence r  1995), 
their a b u n d a n c e  has inc reased  both  in- and  offshore. 
While inc reased  ab u n d a n ce s  inshore m ay be l inked 
to eutrophication  effects as for p laice (Rijnsdorp & 
L eeuw en  1996), the  offshore increase  m ay  be re la ted  
to fisheries activities.

The com bined  effects of p reda to r  and  competitor 
removal, plus inc reased  food availability resulting 
from eu troph ica ton  and  traw ling d isturbance, m ay 
h ave  contribu ted  to the observed  inc reases  in dab  
a b u n dance .

A ck n o w led g e m e n ts .  T he  re fe rence  to p rop rie ta ry  products  in 
this p a p e r  should not be  construed  as an  official e n d o rse ­
m en t  of these  products ,  nor is any crit icism implied of similar 
p roduc ts  which  h ave  not b e e n  m entioned .  This r e sea rch  was 
partly  fu n d ed  by EC contract AIR 94 1664. We th an k  Haydn 
H u g h e s -Jo n es  for he lp  with sam ple  processing.

This n o te  w as su b m itte d  to the  ed itor
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