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TABLE |
The number of shoals of fish occurring either over the fished or the unfished
areas per 2 min interval on the side-scan records which were obtained after tow 3
(16.00 h) and tow 6 (19.00 h). All comparisons between the mean numbers of
shoals per 2 min were made using the T-test.

number of shoals/2 min

unfished fished t-test P
After tow 3 0.0510.03 0.5810.23 2.20 0.04
After tow 6 6.41+1.50 20.41£3.10 4.05 0.001
t-test 429 6.34
P 0.001 0.001
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TABLE Il
A list of species and collected with either a Day grab or a 4-m beam trawl. The proportion of each species in the community has
been worked out from the estimate of density (n/1000m?). Animals which occurred in the stomachs of gurnards (G), dogfish, (D)
and whiting (W) are also indicated.

Day grab samples Samples obtained with the 4-m beam trawl
density % density %
Ampelisca brevicornis 140000 146 G,DW  Asterias rubens 22 <
Ampelisca macrocephala 28000 29 Astropecten iregularis 6 <
Corophium crassicorne 6000 0.6 Henricia sanguinolenta 3 <
Dexamine spinosa 2000 0.2 Crossaster papposus 7 <
Urothoe marina 190000 19.8 Ophiura ophiura (adults) 21 <
Amphitoe rubricola 14000 15 Ophiura fragilis (adults) 1 <
Cirolana cranchii 2000 0.2 Echinus esculensis 1 <
Mysidacea 28000 29 W Psammaechinus miliaris 24 <
Thia spp. 4000 04 Spatangus purpureus 3 < W (gonads)
Paracucumaria hyndmani 2 < D
Scoloplos armiger 36000 38
Terebellidae 14000 14 Buccinum undatum 18 < D
Ampharete acutifrons 40000 41 W Neptunia antiqua 1 <
Pectinaria koreni 36000 38 Aequipecten opercularis 1 <
Lepidontes spp. 44000 46 Modiolus modiolus 05 <
Magelona spp. 12000 1.3 Colus gracilis 0.1 <
Maldonidae 132000 13.8 Venerupis rhomboides 1 <
Spionidae 36000 38 Archidoris pseudoargus 0.2 %
Orbinidae 14000 14
Glyceridae 10000 1 Liocarcinus depurator 6 < GD
Eteone longa 4000 04 Corystes cassivelaunus 1 <
Maloceros spp. 6000 0.6 Hyas areneus 7 < D
Cirratulidae 10000 1 Macropodia tenuirostris 11 < G
Nematonereis unicornis 10000 1 Eupagurus bernhardus 2 < D
Nephtys spp. 6000 06 DW Eupagurus prideauxi 9 <
Oligochaseta 2000 0.2 Crangon cranchii 1 < GDW
Phllodocidae 2000 02 W Palaemon serratus 1 < G,DW
Nereidae 2000 02 W Upogebia deltaura ? D
Isopoda ? G
Nemertini 4000 04
Callionymus spp. 22 < GD
Sipunculida 2000 0.2 Solea solea 05 <
Pleuronectes platessa 025 <
Moerella donacina 22000 23 Limanda limanda 0.6 <
Nucula nitidosa 8000 0.8 Plueronectes flesus 25 <
Parvicardium scabrum 20000 21 Merlangius merlangus 08 <
Spisula eliptica 18000 1.9 Scyliorhinus canicula 0.1 <
Mysella bidentata 18000 19 Raja naevus 0.7 <
Dosinea exoleata 6000 0.6 Lophius piscatorius 0.5 <
Natica alden ? G Trisopterus minutus 0.7
Cataphractus agonus 3.1 &
Ophiura fragilis 6000 0.6 Aspatrigla cuculus 05 <
Ophiura ophiura 16000 1.7 Buglossidium 0.5 <
Psammechinus miliaris 12000 13 Blennius ocellaris 0.1 <
Microstomus kit 0.2 <
Aphrodite aculeata 21 < D Sygnathus acus 0.1 <
Ammodytidae ? G
Utricina felina 2 <
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TABLE Il
Strauss' index of selectivity for the diets of gurnards, dogfish and whiting, comparing the proportion of each species
encountered in the stomach contents to it's proportion in the benthic community. Data are presented for stomach collected
before and after trawling. The percentage occurrence of each prey species in the community is also given unless no data (nd)
were available.

Gurnards Dogfish Whiting
% in the
Species community  before after before after before after
Liocarcinus depurator 0.0006 0.31 0.17 0.04 0.05
Crangon cranchii 0.0001 0.25 0.24 0.04 0.15 0.01
Palaemon serratus 0.0001 0.05 0.01 0.08 0.01
Ampelisca spinipes 14.6 0.16 0.16 0.23 0.56
Macropodia spp. 0.001 0.16 0.07
Eupagurus bernhardus 0.0002 0.18 0.18
Buccinum undatum 0.0018 0.06 0.06
Natica alderi nd 0.03 0.01
Polychaetes 42.9 -0.38 -0.36 -0.36 -0.34
Callionymus spp. 0.0002 0.1 0.05 0.02
Ammodytes spp. nd 0.27 0.09
Spatangus purpureus 0.0003 0.9
TABLE IV

The mean + SE stomach contents wet weigth (g) and fullness (scale of 0-10, empty-full)
for dogfish and gurnards before and after intensive beam trawling (n=60). Comparisons
are made using the Kruskal-Wallis non-parametric ANOVA (H).

Species mean + SE H P
Fullness before after

Dodgfish 4.23 +2.80 4.63 £ 3.21 0.18 0.67
Gurnards 3.36 + 3.65 5.04 +3.23 6.83 0.009

Contents weight
Dogfish 7.67 £9.15 4.06 + 4.56 3.05 0.08
Gurnards 0.98 + 2.57 1.10+1.20 8.47 0.004
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TABLE V

The size range of fish collected before and after fishing. Comparisons were made

using Oneway ANOVA.

Species mean + SE P
N before after
dogfish 60 55.2+7.1 52.2+6.7 3.03 0.09
gurnards 60 26.7+6.11 24.4+49 2.05 0.16
whiting 80 20.8+2.5 19.7+2.7 2.98 0.09
TABLE VI

The change in the mean+SE prey width (mm) in the stomachs of gurnards, dogfish and
whiting collected before and after fishing. Comparisons were made using the Kruskal-
Wallis non-parametric ANOVA (H). The change in prey width: gape width ratio is also

shown for each species.

Species mean + SE H P
N before after
gurnards 132 5.78+1.00 4.11+0.23 0.03 0.85
dogfish 153 6.70+1.85 6.14+0.38 1.41 0.23
whiting 130 6.37+1.92 4.43+1.78 8.57 0.004
prey width: gape width
gurnards 0.23 0.16
dogfish 0.19 0.17
whiting 0.24 0.16
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IRISH SEA

57°20'N

57°10'N

1 1

004°30'W 004°00'W

Fig. 1. The location of the study area in the Irish Sea off the north Wales coast and the position of the 4-m beam trawl tows made
in August 1992 and April 1993.

Fig. 2. A diagram of a commercial pattern 4-m beam trawl with the net removed to show the chain matrix (CM), flip-up gear (FU),
the ground rope (GR), the beam (B) and beam shoes (BS).
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Fig. 3. A portion of the side-scan record (equivalent to 480 m) showing the 4-m beam trawl tracks, visible in the lower half of each

side-scan record, (A) at 15.00 h after the first 3 tows and (B) the same area at 18.26 h after 6 tows: the encircled dark areas are

fish marks which were observed simultaneously on an echo

sounder.
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A NEW BENTHOS DREDGE ("TRIPLE-D") FOR QUANTITATIVE SAMPLING INFAUNA
SPECIES OF LOW ABUNDANCE

M.J.N. BERGMAN & J.W. VAN SANTBRINK
Netherlands Institute for Sea Research, P.O. Box 59, 1790 AB Den Burg Texel, The Netherlands

ABSTRACT -

Grabs and corers are commonly used to estimate densities of infauna species quantitatively.
However, because of the limited sample size, these equipments are not practicable for sampling
species of low abundance. With trawls and dredges much larger sample sizes can be obtained, but
the existing types of gear are, at best, semi-quantitative for catching infauna. In the IMPACT-I
studies, a prototype dredge has been developed for quantitative sampling larger-sized infauna of
low abundance. This "Deep Digging Dredge" (Triple-D) s rigged with an Interchangeable blade to
collect a strip of the seabed. During the haul, several hundred meters long, the excavated sediment
Is sleved through a net with a 2 cm stretched mesh-size. The prototype was successfully tested on
Infauna in fine-grained adhesive sediments in the Wadden Sea, using a 20 cm wide blade with a
penetration depth into the sediment of 10 cm. In field studies on sandy bottoms in the North Sea the
Triple-D quantitatively caught a number of epifauna and demersal fish species as well. The Triple-D
has been extensively used in the IMPACT-I project.

1. INTRODUCTION

In ecosystem studies, densities of infauna species are generally estimated by means of grabs and corers.
Well-known samplers are the Van Veen grab and the Reineck box corer (HoLME & Mc INTYRE, 1984). In fine
sandy sediments, infauna may be sampled quantitatively with a Van Veen grab only in the upper 5
centimetres (BEUKEMA, 1974), whereas samples taken with a Reineck box corer are assumed to be
quantitative over the full penetration depth (up to about 30 cm, depending on the type of sediment). Sample
size is usually limited to about 0.2 m2 (Van Veen grabs) and 0.07 m? (box corers), occasionally extending to
about 0.5 m?. Because of this limited sample size, grabs and corers are practicavle only for estimating
abundances of infauna species occurring in relatively high densities.

For an accurate density estimate of infauna species of low abundance, large numbers of grab samples are
required. In particular, this applies to species with clustered distributions or to those studies in which small
changes in densities have to be detected. In a study on the direct effects of beam trawling on a benthic
ecosystem, some large species (e.g. the bivalves Arctica islandica and Acanthocardia echinata) were never
found in even 50 box corer samples, although these species were frequently caught in trawl nets at the
same locality, and appeared to be particularly sensitive to beam trawling (BERGMAN et al., 1990; VAN
SANTBRINK & BERGMAN, this Report).

Instead of increasing the number of grab samples, trawls and dredges can be used which cover up to
several hundreds of square meters in area. However, existing types of this gear are, at best, semi-
quantitative for catching infauna (HowmMe & Mc INTYRE, 1984). Currently, dredges are being developed to
estimate densities of cockles in Dutch estuaries (pers. comm. vaN STRALEN, RIVO-The Netherlands), and
densities of epibenthos in offshore areas (GorboN, BIO-Canada). However, because penetration depth of
the blade of these dredges are less than required for studies as presented in this Report, it was decided to
develop a new infauna dredge. It was necessary for the new dredge to excavate a strip of the seabed up to
a depth of about 10 cm, i.e. the maximum depth to which the seabed may be disturbed by commercial
trawling (LABAN & LiINDEBOOM, 1991; BERGMAN & Hup, 1992). This paper provides a technical description of
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the prototype of the "Deep Digging Dredge" (Triple-D) constructed in early 1993, as well as some preliminary
test results.

2. TECHNICAL DESCRIPTION

The Triple-D weighs about 600 kg and is 2 m long, 1.5 m wide and 1.5 m high. The dredge consists of a pair
of broad runners connected by a stainless steel cage (mesh size 1 x 1 cm) mounted 5 cm above the seabed
(Fig.1). An interchangable blade is fitted in an opening in the underside of the cage. Different blades can be
used, varying in penetration depth into the seabed and in width, but with a maximum width of 50 cm.
Combinations of blade width and depth built so far are: 30 * 5 cm, 20 * 10 cm and 15 * 15 cm. The blades
are designed to excavate a strip of sediment out of the seabed and to transport it into the cage without
loosing infauna sideways. The cutting blade is fitted near the rear side of the cage to make transport into the
net as short as possible. Longitudinal vertical strips, fixed at both sides of the cutting edge and running to
the front side of the cage (dotted line in inset Fig.1), ensure that fauna which is displaced or disturbed due to
a "bow wave" of sediment, which is running a few decimetres in front of the blade, cannot escape sideways.
The cage prevents any further escape of infauna when transported from the cutting blade to the mouth of
the net. Through an opening in the centre of the front panel, with the same width as the cutting blads,
epibenthos and fish can be caught as well. A fine-meshed (2 cm stretched mesh size) nylon net with a
length of 6 m is tied to the rear side of the cage and is covered by a strong nylon outer net (8 cm stretched
mesh size). Above the cage a large depressor plate is fitted to force the cutting blade into the seabed. A
spiked measuring wheel (not shown in Fig. 1), mounted on the runner, indicates the length of the haul by
means of a magnetic REED-contact, counting the revolutions of the wheel.

Various factors affect the longitudinal stability of the dredge running over the seabed, such as warp length,
towing speed, dimensions of the blade, type of sediment and dimensions and position of the depressor.
Initial tests revealed that the Triple-D should be towed at a speed of 3 nM-h"! (requiring a towing force of
about 1.5 tons), and warp length should be at least about 5 times water depth. To maximize catch efficiency
(i.e. proportion of numbers of animals present that is actually caught), the dredge can be trimmed
horizontally by changing the point of attachment of the towing warp on the runners. The correct trim can be
checked by measuring-wheels fitted at the front and rear of a runner, or simply by assessing the wear on
the underside of the runners (excessive wear at the front or at the rear indicates incorrect trim).

3. ASSESSMENT OF CATCH EFFICIENCY

The catch efficiency of the Triple-D was tested by comparing mean densities of an indicator species
sampled with the Triple-D and the Reineck box corer. A prerequisite for such a test is that the indicator
species should occur in densities sufficiently high to be estimated reliably by box corer, and that the
distribution of this indicator species should be more or less homogenuous, both horizontally and vertically in
the upper 10 cm of the sediment. The bivalve Macoma balthica, living in subtidal fine grained, silty areas of
the Dutch Wadden Sea, appeared to be a suitable test species.

Although catch of infauna is the prime function of the Triple-D, epibenthic invertebrates and demersal fish
were caught as well. During IMPACT-studies the catch efficiency of the Triple-D for mobile epifauna was
compared to catches with a fine meshed beam trawl, a type of gear which is known to give the best possible
quantitative estimate (HoLME & Mc INTYRE, 1984; KUIPERS et al., 1992).

3.1. METHODS
3.1.1. INFAUNA
In March 1993, a transect (length about 235 m) near the Wierbalg in the western Dutch Wadden Sea (fine

grained, adhesive sediment; water depth 2.5 m) was sampled with a Reineck box corer (sample size 0.07
m2, n=10). Samples were sieved (over 1 cm @), and numbers of M. balthica in the upper 0-5 cm of the
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sediment and in the next 5-10 cm were counted separately. Unfortunately, the catches were pooled before
specimens were measured and therefore standard deviations could only be given for total mean densities
and not for separate length classes. In this study, about 80% of M. balthica, independent of size, were living
in the upper 5 cm of the seabed. Immediately after the grab sampling, hauls with the Triple-D (blade depth
10 cm, width 20 cm) were carried out along the same transect (sample area 47 m2 per haul; n=3). The
numbers of M. balthica in the catches were counted and a subsample of specimens was measured. The
density estimates of the two sampling gears were compared.

3.1.2. MOBILE EPIBENTHOS AND DEMERSAL FISH

In April 1993, a sandy area in the Dutch coastal zone (surface 0.12 km2; water depth 15 m) was fished with
the Triple-D (blade depth 10 cm, width 20 cm) and a 2.8-m beam trawl. The trawl was rigged with 3 tickler
chains and a chain tied to the ground rope. An extra rope was wound around the middle of this ground chain
over a length of about 80 cm. Mesh size of the body of the net was 2 cm stretched, and of the cod-end 1 cm
stretched. Six hauls were made with each gear during daylight. The total area fished with the trawl was
13200 m?2, and with the dredge 412 m2. Catches were sorted and numbers per species were counted.
Densities were estimated only for the most abundant species. Differences in density estimates of the two
gears were tested (Mann-Whitney U-test).

3.2. RESULTS
3.2.1. INFAUNA

From the box corer samples, the mean density of M. balthica in the upper 10 cm of the sediment was
estimated as 78.4 individuals - m2 (s.d. 34.4), whereas from the dredge samples the mean was 61.6
individuals - m2 (s.d. 7.9). By comparing length-frequency distributions of M. balthica in box corer samples
(including 4 extra grab samples taken near the transect) and in Triple-D hauls (from a subsample of 129
individuals), a relative lack of length classes < 17 mm is noticeable in the Triple-D hauls (Fig. 2). Obviously,

this is a consequence of a difference in mesh size selection: 2 cm stretched meshes in the dredge versus 1
cm diameter (round) holes in the sieve used in processing the box corer samples. Indeed, specimens < 17

mm could be pushed through the meshes of the net, while only specimens < 12 mm length (height < 10
mm) pass through the sieve. Therefore, length classes < 17 mm should not be taken into account for this

test. Considering only the length classes > 17 mm, the mean density of M. balthica collected with the dredge
was 39.6 individuals - m2, which was even higher than the mean of 27.6 individuals - m2 collected with the
box corer.

3.2.2. MOBILE EPIBENTHOS AND DEMERSAL FISH

Compared to a 2.8-m beam trawl, the catch efficiency of the Triple-D (Table 1) appeared to be significantly
higher for some mobile epibenthic invertebrates, such as crabs (Corystes cassivelaunus, adult Liocarcinus
holsatus) and a brittlestar (Ophiura texturata). Density estimates of starfish (Asterias rubens) and some
other crustaceans (Crangon crangon, juvenile Liocarcinus holsatus, and Eupagurus bernhardus) were not

statistically significant.
Of the demersal fish, > I-group sole (Solea solea ) were caught in significantly higher numbers by the

dredge. No differences were found between both gears in catches of 0-group dab (Limanda limanda). Only
> |-group plaice (Pleuronectes platessa) and Pomatoschistus spp. were caught in significantly lower

numbers in the dredge.
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4. DISCUSSION

Although statistical significance could not be tested, the results of the trial in the Wadden Sea show that the
mean densities of M. balthica, estimated by dredge and by box corer, are at least of the same order of
magnitude. This would imply that on fine, adhesive sediments the Triple-D exhibits the required
characteristics, namely a constant sampling depth and a sufficient transport of infauna into the net without
escape of material sideways. The standard deviation of the total mean densities was much lower for the 3
dredge hauls than for the 10 box corer samples. It can be assumed, that a similar difference in standard
deviation would be found for specimens > 17 mm. This would mean that, at least for a pattern of distribution
as was found in this study, small differences in mean densities can be detected with more certainty using
the Triple-D.

Also on sandy bottoms, the Triple-D did not show signs of unreliability: the dredge caught infauna in
expected quantities. However, it has not yet been shown whether the dredge reaches its full working depth
on this type of sediment, since a suitable test species is lacking in the Dutch coastal zone.

When sampling epifauna and fish, the trial has shown that only the densities of > I-group plaice and gobies
were lower in the Triple-D than in the 2.8-m beam trawl. Apparently, both species are able to avoid the
narrow blade, while gobies may also escape through the meshes of the dredge net. Other large flatfish
(except sole) and roundfish are probably able to avoid the blade as well. Considering the test results, it must
be stressed that catch efficiency of a beam trawl is highly dependent on the number of tickler chains.
Rigging a trawl with more and heavier tickler chains may result in increased numbers of benthic animals in
the catch (CReuTzBERG et al., 1987).

In conclusion, the Triple-D can be used as a replacement of a grab sampler in studies concerning density
estimates of low abundant or clustered infauna species. Furthermore, the Triple-D is a useful tool for
estimating densities of certain epibenthic species such as sole, crabs and starfish. The dredge may also be
useful to check catch efficiencies of fine meshed beam trawls.

Some improvements of the Triple-D may possibly enlarge the potential applications of this sampling gear.
The fitment of (i) a skimming blade (50 cm wide, with a penetration depth of 3 cm) for sampling epifauna, (ii)
a longer blade for sampling up to 15 cm deep, and (jii) a finer mesh net for sampling smaller animals will be
tested on various types of sediment in the near future.

Acknowledgements.- Financial support was provided by Policy Linked Ecological Research North Sea and
Wadden Sea (BEON) and a research grant (MA 2-549) from the Commission of the European Communities
within the frame of the EEC programme in the fisheries sector ("FAR"). Thanks are due to P.R. Alkema
(NIOZ), P. Pronk (RWS-DNZ) and A. Stam for their valuable contributions during the development of the
Triple-D.

Construction plan.-A detailed construction plan of the Triple-D is available from NIOZ.

Notes from the authors. - Recently the catch efficiency of the Triple-D for Macoma balthica has again
been tested in a similar study in the Dutch Waden Sea. However, in this study the Triple-D was
rigged with a fine meshed net (mesh size 1.4 cm stretched), and the set-up of the study allowed for
statistical tests. To date, the data have not been fully analyzed, but preliminary results seem to
support the conclusions described in this report. The results will be published in the course of 1994.
An improved prototype of the Triple-D will be used in IMPACT-II studies.
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TABLE 1
Comparison of catch efficiency of the Triple-D (6 hauls; total fished area 412 m2) with 2.8-m beam trawl (6 hauls; total fished
area 13200 m2). Differences in mean numbers (n"100 m'2) were tested with the Mann-Whitney U test (2-tailed).

specles numbers In samples (n*100m-2) ratio MWhU-test
Triple-D 2.8m-beam trawl Triple-D/
mean st.dev. mean st.dev. 2.8m-bt P
DEMERSAL FISH
Limanda limanda (0 group) 6.0 3.7 7.9 3.4 0.8 ns.
Pleuronectes platessa (>0-group) 0.9 0.6 1.2 0.2 0.8 0.016
Pomatoschistus spp. 3.0 3.2 19.5 14.7 0.2 0.016
Solea solea (>0-group) 1.5 1.3 0.05 0.04 31.5 0.036
INVERTEBRATE INFAUNA
Asterias rubens 6.6 47 5.9 2.1 1.1 ns.
Corystes cassivelaunus 1.7 1.0 0.02 0.1 68.1 - 0.013
Crangon crangon 61.0 29.6 96.7 32.3 0.6 ns.
Eupagurus bernhardus 2.8 1.2 3.6 1.9 0.8 ns.
Liocarcinus holsatus (ad) 9.9 4.9 2.0 15 4.9 0.006
Liocarcinus holsatus (juv) 25 1.6 2.8 2.5 0.9 ns.
Ophiura texturata 20.2 4.8 11.9 4.0 1.7 0.025
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Fig. 1. General view of the prototype of the Triple-D showing the mode of operation (inset).
1. runners; 2. cage (front panel); 3. opening in front panel for catching epifauna; 4. steel bars to protect the cage; 5. depressor;
6. net; 7. cutting blade; 8. (dotted line) front edge of vertical strips, mounted on both sides of the cutting blade; 9. sediment

entering the net.
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Fig. 2. Length distribution of Macoma balthica (n"m™2) from the box corer samples (n = 91 from 14 grabs covering 1 m?) and
Triple-D (based on a subsample of 129 animals from 3 hauls covering 140 mz). The dotted line indicates the length class
below which it is possible to escape through the meshes of the dredge. Length classes to the left of this line were not taken

into account for testing the Triple-D.
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