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The catching efficiency of a standard 2-m beam trawl for sampling epifauna was estimated 
by removal experiments at two sites in the southern North Sea. In order to allow repeated 
sampling of the same area, a rig of three beam trawls one behind the other was constructed, 
the three being tied together by steel ropes. Catching efficiency was estimated on the basis 
o f the sum o f the catches of all three trawls relative to the numbers caught in the first trawl. 
The catching efficiency of the beam trawl for epifauna ranged from 36% to 44% of total 
abundance between sites. Efficiency was least for partly buried species (Liocarcinus holsa
tus, 9% and 18%; Buglossidum luteum, 27%; Arnoglossus laterna, 35%), and slightly better 
for species living on the surface of the sediment (Asterias rubens, 42% and 46%; Pomato
schistus minutus, 58% and 46%; Pagurus bernhardus, 51%). The abundance o f epifauna 
will be underestimated by a factor o f 1.4—11 relative to the abundance in the three trawls. 
Also, sediment type seems to influence the catching efficiency o f the beam trawl, efficiency 
being less at the sandy study site than at the muddy site for most species.
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Introduction
The benthic infaim a o f  the N orth  Sea has been studied in
tensively since the w ork  o f  Petersen in the 1910s (Petersen, 
1914, 1918; Salzw edel et aí., 1985; Kiinitzer et aí., 1992; 
C raeym eersch et aí., 1997), but few  studies have investi
gated  epifaunal com m unities. A s larger m acrofauna form  
a significant proportion  o f  the bycatch o f  traw l fisheries, 
initial studies o f  the epifauna o f  the N orth  Sea re lied  on 
exam ination o f  the invertebrates caught as bycatch during 
fishery surveys (D yer e t aí., 1982, 1983). Sem i-quantitative 
investigations w ith  sm aller gear (a 2-m  beam  traw l) were 
first carried  out by Frauenheim  et al. (1989), and this 
w ork w as subsequently fo llow ed by that o f  Jennings e t aí. 
(1999), Ziihlke et aí. (2001), and C allaw ay et aí. (2002) 
for the w hole N orth  Sea.

G enerally, epifaim al sam pling gears, such as a 2-m  beam  
traw l, are considered to be sem i-quantitative. Several at
tem pts have been m ade to  im prove the sam pling procedure 
in  order to generate m ore quantitative results, and these

include m odifications to  the traw l (Rogers and Lockw ood, 
1989; K aiser et aí., 1994; Jennings et aí., 1999), estim ation 
o f  the tow ing distance using a m etered  w heel or a net probe 
(Carney and Carey, 1980; E leftheriou and M oore, 2005), 
and standardization o f  traw ling duration  and speed (Ziihlke 
et aí., 2001). How ever, the catching efficiency o f  a 2-m  
beam  traw l is still unknown. The term  catching efficiency 
is generally  defined as the num ber o f  individuals or the bio
m ass o f  one or several species expressed as a proportion o f  
the total population  in  a study area (A llen et aí., 1992; 
K aiser et aí., 1994). Realistic estim ates o f  catching efficiency 
and therefore the abundance o r biom ass o f  fish and inverte
brate epifaim a in  an  ecosystem  are particularly  im portant in 
determ ining secondary production or consum ption rates, as 
w ell as for ecosystem  m odelling  (H arley et aí., 2001 ). T here
fore, any lim itations o f  sam pling gear have to be considered 
in assessing how  w ell an  assem blage is described.

Studies o f  catching efficiency have focused prim arily  on 
gears targeting  com m ercial fish o r shrim p species, where 
the m ain  objectives were to increase the relative
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catchability  o f  a target species ra ther than  to estim ate the 
catching efficiency re la ted  to the quantitative species 
com position in  the assem blage (H arley et aí., 2001). The 
relative efficiency o f  sm all traw ls has been studied by com 
paring different gears o r gear m odifications (Kuipers, 1975; 
C reutzberg et aí., 1987; R ogers and Lockw ood, 1989; 
K aiser e t aí., 1994). However, this approach cannot give 
reliable inform ation  about the real catching efficiency o f  
a gear because each gear has different but unknow n catch
ing efficiencies.

C om bined underw ater im age (video or photographic 
analysis) and traw l catches (Y eh and Ohta, 2002, Sonntag, 
pers. comm . ), o r experim ental approaches such as repeated  
sam pling (Fonds, 1994; L oneragan e t aí., 1995), can p ro
vide realistic  estim ates o f  catching efficiency. However, 
such approaches have serious draw backs. O n the one 
hand, im age analyses can only give inform ation about the 
catching efficiency for easily  visible larger epibenthos and 
fish species, w hereas small and buried species cannot be 
considered. O n the o ther hand, repeated  sam pling o f  the 
same area is v irtually  im possible in offshore areas because 
o f  inaccurate positioning i f  using ship-deployed gears, and 
im m igration o f  m obile species into the traw led area will 
affect abundance estim ates (Fonds, 1994). Therefore, 
repeated  sam pling w ith  sm all traw ls has only been used 
in shallow  w aters, such as estuaries and intertidal channels, 
where the study site can  be spatially restricted (Edwards 
and Steele, 1968; Kuipers, 1975; A llen  et aí., 1992; 
Loneragan et aí., 1995). Fonds (1994), however, did try 
repeated  sam pling in  an offshore area in  the southern N orth  
Sea w ith  com m ercial beam  trawls.

In order to allow  repeated  sam pling w ith  a 2-m  beam  
traw l, w hich  is com m only used  fo r epifaim a sam pling in 
offshore w aters, we developed a sam pling design in w hich 
three beam  traw ls w ere tied  one behind the o ther to guaran
tee repeated  sam pling o f  the same area. The objectives o f 
this study w ere (i) to estim ate the catching efficiency o f 
a standard 2-m  beam  traw l for sam pling epifaim al species 
(sm all fish and invertebrates), and (ii) to  investigate 
w hether this efficiency varies betw een species o r sedim ent 
types.

Material and methods 
Study sites and sampling
The study sites are located in  two boxes (10 x 10 nautical 
m iles) situated in  different areas o f  the southern N orth 
Sea (Figure 1 ). These boxes are part o f  the G erm an 
Sm all-scale B ottom  Trawl Survey (GSBTS), w hich  was 
started in  1986 by SE to investigate m esoscale variability  
in  the fish fauna (Ehrich and Stransky, 2001 ). The sedim ent 
structure o f  the two boxes is different, w ith  m uddy sand in 
box A  and coarse sand in box N  (Table 1).

Sam ples o f  the epifaim a w ere obtained w ith FR V  
“ W alther H erw ig III” in  January 2004. Sam pling was 
carried  out w ith a standard 2-m  beam  traw l w ith  a chain 
m at attached. It w as fitted w ith  a 20-m m  stretched m esh 
and a codend liner o f  4-m m  knotless m esh. D etails about 
the equipm ent are g iven in Jennings e t aí. (1999). To esti
m ate the tow ing distance and hence the area sam pled, a net 
probe (SCA N M A R©  ) was fixed to the headline o f  the trawl

1° 2° 3° 4° 5° 6° 7° 8° 9°

Box N „

North Sea
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Figure 1. Study areas in the North Sea.
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Table 1. Geographical positions (centre of the boxes) and main 
characteristics of the study sites. For the mean towing distance, 
the standard deviation is given.

Parameter Box A Box N

Latitude 54°22.02'N 54°48.00'N
Longitude 007°06.48'E 007°40.02'E
Date of sampling 7 January 2004 10 January 2004
Mean depth (m) 39 25
Sediment type Muddy sand Coarse sand
Mean towing 218 ±  15 306 ±  63

distance (m)

to determ ine the exact tim es w hen  the gear touched and left 
the bottom . In order to guarantee repeated  sam pling o f  the 
same traw l track, three identical beam  traw ls w ere rigged 
one behind the other, attached by steel ropes 6 m  long 
(Figure 2a). The net probe was fixed to  the headline o f 
the first traw l. Figure 2b shows the hypothetical pattern  
o f  abundance or biom ass in the consecutive traw ls, assum 
ing a sequential catching efficiency o f  50% . In each box, 
the experim ent was repeated  three tim es.

Because o f  differences in  the diurnal activity  o f  some 
epibenthic species, sam pling took  place only during day
light. The sam ples w ere sieved through a 5 m m  m esh and 
the organism s collected. M ost species w ere identified 
on  board, counted, and w eighed (wet w eight) w ith

(b)
S '100

standing 1. trawl 2. trawl 3. trawl
slock

Figure 2. (a) Schematic drawing of the gear used in the three- 
beam-trawl experiment, and (b) the hypothetical pattem of epifau- 
nal abundance or biomass within each trawl assuming a catching 
efficiency of 50%.

a m otion-com pensated m arine scale. I f  onboard identifica
tion  o f  species w as no t possible, specim ens w ere fixed in 
4%  buffered form alin fo r identification in the laboratory. 
In addition, three hauls w ith  a single traw l w ere carried 
out in the vicinity  o f  the positions o f  the three-beam -traw l 
hauls (m axim um  distance away, 2 nautical m iles), to com 
pare the catches o f  both deploym ents. The single-traw l and 
three-beam -traw l sam ples w ere treated  in  the sam e way.

Analysis
The abundance and biom ass data w ere standardized to 
a tow  length o f  250 m  (area sam pled =  500 m 2). Prior to 
analysis, large dem ersal and pelagic fish caught w ith  the 
traw ls w ere excluded. To calculate catching efficiency, 
regression  m ethods such as those o f  Leslie o r DeLury 
(see Loneragan et aí., 1995) could  no t be applied to our 
data, because only tw o repeats w ere possible. Therefore, 
to estim ate catching efficiency, the sum  o f  the catches o f  
all three traw ls was assum ed to  represent the total abun
dance and biom ass o f  the epifaima. Total num bers, the 
sum  o f  all three traw l catches, w ere com pared w ith 
the num bers caught in the first traw l, and from  those data 
the percentage efficiency w as calculated. Therefore, the es
tim ated  catching efficiency w ill only provide a value o f  
m axim um  efficiency, because the results indicate that the 
total abundance (biom ass) was probably h igher than  the 
num bers (biom ass) caught by the three traw ls. For species 
w ith  a total abundance o f  < 1 0  individuals, no catching ef
ficiency w as calculated. A  M ann—W hitney U  test was used 
to assess significant differences in the catching efficiency 
betw een the different sam pling sites and betw een catches 
o f  the different deploym ents.

Results
Total abundance and biomass
In box A, few er individuals w ere caught w ith  the second 
and th ird  traw l than  in  the first traw l, as expected from  
the experim ental design (Figure 3). However, the decrease 
in abundance w as not consistent from  one net to  the next. In 
box N, a sim ilar pattern  was foim d for one replicate only, 
w hereas in the two o ther replicates, m ost individuals were 
caught in the second traw l. The catching efficiency o f  total 
epifaim al abundance and biom ass w as 44%  and 32%  in  box 
A, and 36%  and 45%  in  box N, respectively (Table 2).

The surprising catch pattern  o f  the three traw ls com pared 
w ith  our initial expectations seem ed to be caused m ainly  by 
differences in the vulnerability  o f  different species. Extru
sion o f  sm all specim ens through the net does no t explain 
the h igh abundances som etim es found in the second and 
th ird  traw l. The effect o f  m esh  selectivity could  no t be 
analysed in detail, because no size m easurem ents o f  the epi
faima w ere m ade during the study. How ever, the biom ass 
pattern  in the three traw ls, w hich w as sim ilar to that for
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Figure 3. Pattem of total abundance (bars) and biomass 
H) in boxes A and N.

abundance, as w ell as visual observations, revealed  no 
substantial differences in the size o f  the specim ens in the 
catches o f  the consecutive traw ls.

The com parison o f  the data o f  the first traw l w ith  the data 
o f  single-traw l deploym ents o f  the standard program m e 
shows no significant differences in total abundance or bio
m ass ( U  test(3 /3), y? >  0.05 ). Therefore, w e conclude that 
tow ing two traw ls behind the first did no t affect the catching 
characteristics o f  the first traw l, com pared w ith  a single
traw l haul.

Species numbers
The first traw l caught betw een 70%  and 76%  o f  the total 
species taken  in all three traw ls in  box A  and betw een 
54%  and 84%  o f  all species taken in all three traw ls in 
box N  (Figure 4). In  both study areas, m ost species caught 
by the first traw l w ere species w ith  an epifaim al life m ode, 
living m ost o f  their life at the surface o f  the sedim ent or 
only occasionally burrow ing in its upper layers (Figure 4). 
In contrast, the additional species caught by the second and/ 
o r the th ird  traw l contained a h igher proportion o f  infaimal 
species, such as bivalves and polychaetes. This is taken as 
an  indication  that the first traw l disturbed the surface sedi
m ents and dug out specim ens, resulting in their greater vu l
nerability  to the second and th ird  traw l. Because this pattern

w as consistent am ong sites, differences in sedim ent type ap
pear to  have a m inor effect on the relative com position o f 
catches, although the chain  m at was expected to penetrate 
deeper into the sedim ent o f  the m uddy sand o f  box A  
than  into the sandy substratum  o f  box N.

Abundance and biomass at a species level
For the h ighly m obile sand goby (Pom atoschistus minutus), 
there was a clear decrease in  abundance from  the first to the 
second traw l in each study area (Figure 5a), the catching 
efficiency reaching 58%  and 46%  in boxes A  and N, respec
tively  (Table 2). In box A, abundance in  the th ird  traw l was 
slightly greater than  in the second, perhaps through buried 
individuals being d ishirbed by the first and second traw l 
and caught by the third. The dishirbance effect o f  the traw ls 
is clearly reflected by the abundance pattern  o f  the sw im 
m ing crab Liocarcinus holsatus in  the three traw ls 
(Figure 5b). G reatest abundance w as in  the th ird  traw l 
and low est in  the first traw l for all replicates, contrary to 
our initial expectations. This w as probably caused by the 
d isturbance o f  this night-active species, w hich buries in 
the sedim ent during daylight. Therefore, the estim ated 
catching efficiency for L. holsatus was ju s t 18% in  box A  
and 9%  in  box N  (Table 2). In contrast, the catching effi
ciency o f  the shrim ps Crangon crangon  and  C. allmanni,
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(lines) for the first, second, and third trawl for each replicate (A—C and E, G and
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Table 2. Mean catching efficiency (±s.d.) of the 2-m beam trawl at the two study sites in boxes A and N.
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Catching efficiency in box A Catching efficiency in box N

Taxon Abundance (%) Biomass (%) Abundance (%) Biomass (%)

Fish
Arnoglossus laterna 35 ± 2 41 ± 5 — —
Buglossidium luteum 27 ±  15 28 ± 5 — —
Limanda limanda 44 ±  17 37 ± 8 29 ± 2 4 35 ±  25
Callionymus lyra 45 ±  14 46 ±  16 29f 4 ±  0
Callionymus reticulatus — — 36 ±  19 25 ± 1 0
Syngnathidae — — 43 ±  11 45 ± 9
Pomatoschistus minutus 58 ± 6 58 ± 6 46 ± 3 53 ± 6

Decapoda
Corystes cassivelaunus 64f 55 ± 5 — —
Liocarcinus holsatus 18 ±  5 20 ±  10 9 ±  2 9 ±  3
Pagurus bernhardus — — 51* ±  1 64 ± 8
Crangon allmanni 56 ± 4 58 ± 4 26 ± 8 27 ± 7
Crangon crangon 43 ± 6 40 ± 6 31 ± 7 28 ± 5
Processa spp. 12% ±  8 83 ± 2 4 — —

Asteroidea
Asterias rubens 42 ± 7 46 ± 8 46 ± 6 53 ± 7
Astropecten irregularis 34 ± 9 34 ± 9 35 ±  10 37 ±  12

Other taxa
Nucula nitidosa 19* ± 1 9 11 ±  16 — —
Branchiostoma lanceolata — — 0 * ± 0 0 ± 0

All taxa 44 ± 5 32 ± 8 36 ± 4 45 ± 9

* Indicates significant differences (U  test(i p  <  0.05) in catching efficiency between sites. 
T Based on one replicate only.
¿Based on two replicates only.

w hich also live partly  buried in the sedim ent, w as com par
atively h igh  in box A  at 43%  and 56% , respectively. 
How ever, in box N  the efficiency w as lower, at 31%  for 
C. crangon  and 26%  fo r C. allm anni (Figure 6, Table 2). 
E ven the catching efficiency o f  slow -m oving epifaim al 
species living m ost o f  the tim e on  the sedim ent surface, 
such as the sea stars A sterias rubens and Astropecten  irreg
ularis, w as < 5 0 %  (Figure 7, Table 2).

There w as considerable variability  in  the catching effi
ciencies am ong species and sites (Table 2). Sedim ent type 
seem ed to have an influence on catching efficiency for 
some species. Significant differences betw een the sites 
w ere foim d for P. minutus, L. holsatus, and C. allm anni 
( U  test(3 /3 ), y? <  0.05), indicating low er catch efficiencies 
in  box N  than  in box A.

Discussion
U ntil now, studies o f  the catching efficiency o f  the small 
beam  traw ls and dredges used  for sam pling epifaim a were 
m ainly  restricted  to analysis o f  findings for a lim ited  group

o f  com m ercially  fished species, such as juven ile  flatfish, 
prawns, o r scallops. D ickie (1955) docum ented a scallop 
dredge efficiency o f  5—12% for the target species, depend
ing on the type o f  sea bottom . For juvenile  flatfish, 
estim ates o f  catching efficiency for a 2-m  beam  traw l varied 
betw een 23%  and 57%  (C reutzberg et aí., 1987), betw een 
23%  and 37%  for plaice (Edwards and Steele, 1968), and 
w ere 100% for juvenile  plaice (Kuipers, 1975). These 
ra ther low  estim ates o f  catching efficiency indicate that 
epifaim a sam pling w ith a beam  traw l provides a fragm en
tary ra ther than  a com plete inventory o f  the epifaim al 
com m unity.

The standardized 2-m  beam  traw l described by Jennings 
et aí. (1999) w as used  recently  in  studies o f  epifaim a com 
m unities o f  the N orth  Sea (Ziihlke et aí., 2001; C allaway 
et aí., 2002; H inz e t al., 2004; Reiss and K röncke, 2004), 
and the analyses included standardization o f  traw l duration 
and speed, as w ell as recording o f  the start and end position 
o f  the traw l. How ever, because the catching efficiency o f  
the gear w as still unknow n, abim dance estim ates from  those 
studies were still no t calibrated. The results from  our study 
provide initial estim ates o f  the catching efficiency o f  a 2-m
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Figure 4. Total species numbers by the first trawl (grey bars), and additional species caught by the second and/or third trawl (dark grey 
bars). The pie charts show the proportion of infaunal (shaded) and epifaunal (white) species numbers in each category.

beam  traw l for several species in  tw o different habitats. 
C atching efficiency fo r m ost species w as < 50% , although 
there w ere m arked differences betw een species. However, 
accurate estim ates o f  gear catching efficiency and, there
fore, o f  abundance or biom ass o f  epifaim a in  an  ecosystem  
are particularly  im portant in  determ ining secondary produc
tion  and, hence, for m odelling the ecosystem  (Harley e t a l ,  
2 0 0 1 ).

Estimating catching efficiency — the 
three-beam-trawl approach
Some o f  the m ain  difficulties in repeated  sam pling in  off
shore areas arise from  inaccuracy in positioning the traw l 
tracks and m igration  o f  scavenging specim ens into the 
traw led area. To guarantee repeated  sam pling o f  the same 
area, we used three beam  traw ls one behind the other, 
w hich  m ade im m igration o f  specim ens into the traw l track  
nearly  im possible because the distance betw een each traw l 
w as only som e 6 m  from  beam  to beam . How ever, speci
m ens could  still escape from  an approaching traw l by 
m oving to the side. Kuipers (1975) show ed that the lateral 
escape o f  fish from  the traw l track  o f  a 2-m  beam  traw l was

significant in the case o f  large specim ens (> 1 5  cm). H ow 
ever, because large fish, w hich are not sam pled quantita
tively  by a 2-m  beam  traw l, w ere om itted from  our 
analyses, lateral escape o f  fish specim ens is considered to 
be o f  m inor im portance here. How ever, h ighly m obile 
invertebrate specim ens such as L. holsatus o r shrim p spe
cies m ight have escaped from  all three traw ls, w hich  w ould 
have led  to an underestim ation  o f  the catching efficiency.

C om paring epifaim al abundance in the first o f  the three 
traw ls w ith  that in  single-traw l hauls revealed  that tow ing 
additional traw ls closely behind the first had  no significant 
influence on  the perform ance o f  the front traw l. Therefore, 
the catching efficiency for the three beam  traw ls tow ed one 
behind each other can  be applied to  the results for single 
beam  traw l hauls. How ever, we do acknow ledge that 
bottom  contact o f  the three-beam -traw l arrangem ent was 
recorded by a net-probe fixed only on  the first beam  trawl. 
Consequently, there m ay have been a tim e-lag  in  bottom  
contact betw een the first and the th ird  traw l, the latter per
haps m aking bottom  contact before the first, and vice versa 
during hauling. This m ight conceivably have b iased our 
results tow ards greater abundance in  the th ird  traw l. H ow 
ever, w e believe that such a tim e-lag  w ould have been very
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short and o f  m inor im portance relative to the total distance 
sam pled.

The sirm o f  the catch  o f  all three traw ls was assum ed to 
represent the total populations in the sam pled area. The 
abundance o f  several species in  the three traw ls indicates 
that this assum ption is ra ther sim plistic, because the abun
dance was often h igher in the rear traw ls than  in  the first 
(e.g. L. holsatus). Therefore, the catching efficiency could 
have been overestim ated, so the estim ated catching effi
ciency calculated  here is likely to be a m axim um  value; 
real catching efficiency m ight be less.

Catching efficiency for different 
epibenthic species
The results o f  our study have show n that the estim ates o f  
catching efficiency for the 2-m  beam  traw l w ere 44%  and 
36%  o f  total abundance in  boxes A  and N, respectively. 
These results are in a range sim ilar to those o f  previous 
studies on single species, m entioned above. How ever, there 
w ere differences in  catching efficiency betw een epifaim al 
species. The catching efficiency for different species is 
determ ined by the behaviour o f  the individual anim als, 
w hich  influences their likelihood o f  being caught by a traw l. 
Slow -m oving species are expected to be caught m ore effi
ciently  than  h ighly m obile ones, w hich m ay escape from  
the traw l. A lso, species living on the sedim ent surface 
w ould  be expected  to be caught m ore effectively than  spe
cies partly  buried in  the sediment. O ur low est estim ates o f  
catching efficiency w ere for species living partly  buried in 
the sediment, e.g. solenette (Buglossidium  luteum), 27%, 
and scaldfish (Arnoglossus laterna), 35% , in  box A  (Table 
2). In contrast, the catching efficiency in box A  for m ore 
m obile fish species such as the sand goby and the dragonet 
(Callionym us lyra) was som ew hat higher, 58%  and 45%, 
respectively. The low est catching efficiency w ith in  the in
vertebrate epifaim a was for the sw im m ing crab Liocarcinus 
holsatus, w hich  lives buried in  the sedim ent, w ith  18% in 
box A  and 9%  in  box N  (Table 2).

The h igh  abim dances in  the second and the th ird  trawl, 
and the resulting low  catching efficiency for some species, 
m ight have been caused by disturbance o f  the sedim ent by 
the first traw l, w hich  could have m ade buried specim ens 
m ore accessible to the traw ls follow ing im m ediately 
behind. W einstein  and Davis (1980) considered the loss 
o f  fish through their burial in soft m ud to be an  im portant 
consideration in estim ating true population size using 
a seine net. O n the o ther hand, the dow nw ard force o f  the 
rear traw ls m ight be greater than  that o f  the first one, w hich 
could have resulted  in  deeper penetration  o f  the second and 
th ird  traw l into the sedim ents. How ever, the low  catching 
efficiency calculated  here shows that the abim dance and 
biomass, especially  for species buried partly  in the sedi
m ent, w ill be significantly im derestim ated i f  a single 2-m  
beam  traw l is used.

The 2-m  beam  traw l w ith  a chain  m at, as used  in  this 
study, m axim ized the catch o f  A. rubens and Ophiura  
albida  by factors o f  10 and 16, respectively, w hen 
com pared w ith  the results o f  an  unm odified beam  trawl 
(K aiser et al., 1994). From  the latter findings, w e w ould 
expect the 2-m  beam  traw l to be the m ost appropriate 
gear for sam pling less m obile epifaim al species. However, 
our results show that the catching efficiency for species 
such as A sterias rubens, Astropecten  irregularis, and 
Pagurus bernhardus  was w ell below  50%  (Table 2).

Differences in the catching efficiency 
depending on non-gear-specific parameters
A side from  the general design and construction o f  a beam  
traw l, its catching efficiency m ay depend on sedim ent type 
(B ergm an and van  Santbrink, 1994; Ball et al., 2000), light 
intensity  (Glass and W ardle, 1989 ), and the seasonal o r diur
nal activity  patterns o f  the epifaim a (G ibson e t al., 1996; 
C asey and M yers, 1998; Korsbrekke and Nakken, 1999). 
Penetration depth o f  a beam  traw l is an  im portant factor 
determ ining the catching efficiency, particularly  for buried 
species, and this w ill depend on sedim ent type (Creutzberg 
e t al., 1987; Rogers and Lockw ood, 1989; B ergm an and 
van  Santbrink, 1994 ). In this study, catching efficiency o f  al
m ost all species at the sandy site (box N ) w as low er than  at 
the m uddy sand site (box A), but d ifferences w ere significant 
only for C. allm anni, L. holsatus, and P. minutus. These dif
ferences in catching efficiency betw een the sites w ere prob
ably caused by differences in the sedim ent type and the 
resulting  variation  in  penetration  ability o f  the beam  trawl. 
Penetration depth o f  com m ercial beam  traw ls is up to  8 cm  
in  m uddy sedim ent and up to 3 cm  in sandy sedim ent (Kaiser 
and Spencer, 1994; V an Santbrink and Bergm an, 1994).

O ur results show  that the likelihood o f  species being 
caught by a beam  traw l depends inter alia  on the life 
m ode or behaviour o f  the species. Therefore, environm ental 
factors causing changes in  behaviour w ill probably have an 
effect on  the catching efficiency o f  the gear. D iurnal varia
tions in activity  o f  a species m ay lead  to differences in  catch
ing efficiency betw een day and night (Korsbrekke and 
N akken, 1999), w hich  is m ost likely the case fo r night- 
active decapods such as the swim m ing crabs L. holsatus and 
L. depurator (Abellô et al., 1991). Loneragan e t al. (1995) 
foimd that catch rates o f  tiger prawns by day, w hen the 
prawns are buried in  the sediment, were about h a lf o f  those 
by night. A lso, seasonal differences in  behaviour w ere found 
for several epifaim al species, as a result o f  their reproductive 
cycle (Hartnoll, 1972; Reiss and Kröncke, 2004), reduced 
locom otory activity  attributable to low  tem perature (A llen 
et al., 1992; Freem an et al., 2001 ), o r changes in food avail
ability  (Abelló e ta l.,  1991; M aes et al., 1998). For exam ple, 
the m asked crab Corystes cassivelaunus rem ains buried in 
the sedim ent throughout the w hole year, but m ature crabs 
leave the sedim ent during the breeding season in  spring 
and early sum m er (Hartnoll, 1972; Reiss and Kröncke,
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2004). A lthough differences in catching efficiency attribut
able to seasonal or diurnal differences in  the vulnerability  
o f  species could not be tested  during this study, they  are 
likely to occur. Such potential differences should be taken 
into account w hen com paring beam -traw l sam ples from  dif
ferent seasons o r at different tim es o f  day.

Implications of catching efficiency 
for epifaima studies
The 2-m  beam  traw l was initially designed to catch  juvenile  
flatfish (R iley and Corlett, 1966), but since then, several stud
ies have focused on m odifications designed to im prove the 
catch  o f  invertebrate epifauna. W hen  sam pling benthic com 
m unities, each gear (grab, core, or traw l) w ill sam ple only 
a com ponent o f  the benthic assem blage (E leftheriou and 
M oore, 2005). However, i f  the catching efficiency o f 
a gear is too low, other biotic and abiotic factors that influ
ence estim ates o f  abundance could  m ask possible spatial or 
tem poral variations in the com m unities (K aiser et aí., 
1994). O ur results show that the catching efficiency o f  a 2- 
m  beam  traw l was below  50%  for m ost epifaunal species, 
varying between 9%  for the swimming crab L. hosatus in box 
N  and 72% for the shrimp Processa spp. in  box A  (Table 2). 
Therefore, the abundance and biomass o f  epifaima will be sig
nificantly imderestimated by the use o f  beam-trawl samples. 
W hen studying spatial differences betw een epifaim al 
com m unities, differences in  the catching efficiency betw een 
species m ay result in b iased estim ation o f  fim ctional proper
ties. For exam ple, partly  buried species such as sw im m ing 
crabs o r flatfish w ill be im derestim ated com pared w ith  spe
cies that live on the sedim ent surface. This bias m ight be 
even m ore im portant i f  com paring different habitats, because 
o f  differences in the catching efficiency by sedim ent types for 
some species. Therefore, infaim a species should be om itted 
from  such analyses, although these species are regularly  re
trieved  in  the traw l samples.

Realistic data on the population  abim dance and biom ass 
o f  benthic species are particularly  im portant in  determ ining 
secondary production in an  ecosystem . O ur results show 
that estim ations o f  secondary production based on  beam - 
traw l sam ples w ill be im derestim ated by factors o f
1.4—11, depending on  the species im der consideration, 
show ing that im provem ent o f  the catching efficiency o f 
the 2-m  beam  traw l is needed. However, the three-beam - 
traw l approach m ay be used  in  epifaim al studies to 
determ ine conversion factors based on the catching 
efficiency fo r each species in  specific habitats.
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