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Abstract During a long-term study in the summer
months of the years 1991-2008, 176 megaepifaunal species
were recorded through a series of beam trawl surveys on a
grid of fixed stations on the Dogger Bank (central North
Sea). This paper gives a qualitative overview on species
composition throughout the research period, determined
from samples collected during 15 cruises. In recent years, a
number of species with more oceanic distribution patterns
(e.g. species from SW British coasts) has been collected. In
spite of these newcomers, there was a slight decrease in
total species numbers during the research period.

Keywords Beam trawl survey - Dogger Bank -
Epibenthos - Megaepifauna - North Sea

Introduction

The Dogger Bank is a shallow sand bank in the central
North Sea. The shortest distance from its edge to the
British coast is around 60 n.m. (Tiirkay and Kroncke
2004). There are several reasons why the Dogger Bank
provides an ideal platform for long-term research. For
example, the sea floor is flat and covered by uniform sandy
sediment, rarely interspersed with stones and gravel of
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glacial origin. This is supported by grain size analyses
made in the years 1992 and 1994 (Wehrmann, unpublished
data), revealing that the sand fraction never drops below
94% at stations above the 30-m depth contour. In addition,
the flatness of this sand bank allows the monitoring of a
large area with only slight depth and substrate variances.
These relatively constant environmental conditions as well
as the excellent background information about the ecology
of the Dogger Bank (Kroncke and Knust 1995; Diesing
2009) facilitate the identification of other possible factors
governing changes in benthic faunal composition. The first
comprehensive bottom sampling in that area with an
Agassiz-Trawl and a Petersen grab was undertaken by
Davis (1923, 1925). The main target of those studies was to
analyse the gut contents of fish caught by the Agassiz-
Trawl, as the Dogger Bank was “known to be a compar-
atively rich feeding ground and one on which transplanted
plaice thrive and grow at an exceptional rate” (Davis
1923). Petersen grab samples showed a dominance of the
endobenthic bivalves Spisula subtruncata and Mactra
stultorum and provided a good overview of the endoben-
thos, while no epibenthic data were collected at that time.
In May 1950 and 1951, the Danish Commission for Fishery
and Sea Investigations undertook additional endobenthic
sampling on the Dogger Bank with the Van Veen and the
Petersen grab (Ursin 1952). The published results were re-
discussed by Birkett (1953), who recommended the Van
Veen grab as the better tool for comparable bottom sam-
pling. Afterwards, Ursin (1960) published a comprehensive
paper based upon a comparatively large series of Van Veen
grab samples, treating the echinoderm fauna of the central
North Sea and covering a large part of the Dogger Bank.
His work gives an insight into the complexity of the
echinoderm fauna composition of the Dogger Bank for
the years 1950-1954. Furthermore, Kirkegaard (1969)
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published a study on the diversity of polychaetes of the
central North Sea, using material from Ursin. A total of 61
polychaete species were identified in this study. Petersen
(1977) focused on the bivalves of the central North Sea,
using material from both Petersen and Van Veen grab
samples. Kroncke (1988, 1990, 1992) re-sampled Ursin’s
stations from 1985 to 1987 and described temporal dif-
ferences in the endobenthic community structure.

Subsequently, several studies of the epibenthos were
performed covering the whole North Sea (Dyer et al.
1983; Frauenheim et al. 1989; Jennings et al. 1999; Ziihlke
et al. 2001; Callaway et al. 2002, 2007; Reiss et al. 2010).
Rees et al. (1999) compared benthic in- and epifauna of an
even larger research area, including parts of the North Sea,
the English Channel, the Celtic and the Irish Sea in a
period from 1992 to 1996. Because of the large research
areas of the studies mentioned here, only few stations were
located on the Dogger Bank. Due to the sparse coverage of
the epibenthos in our research area and because of dif-
ferent sampling methods, there is little comparable infor-
mation. In other studies (Kiinitzer 1990a, b; Neumann
et al. 2008, 2009a, b; Frid et al. 2009), in- and/or epifauna
were sampled on a narrower grid or highly localized, but
outside the Dogger Bank area. Neumann et al. (2009b)
reported on the development of epifaunal communities in
the south-eastern part of the North Sea including the
Dogger Bank tail end, examining material of several IBTS
(International Bottom Trawl Survey) cruises. So, addi-
tional information about the epifauna of the Dogger Bank
tail end of the late 20th and early twenty-first century is
provided by that study.

The research on the infauna of the Dogger Bank con-
tinues until today (Wieking and Kroncke 2001, 2003,
2005), but the epifauna is covered only sparsely by the
majority of the above studies. The focus of our work is the
detailed monitoring of the epibenthos on a narrow grid in
order to get an idea on the time scales of natural changes
and such caused by direct or indirect anthropogenic
influence.

Materials and methods

This paper deals with the qualitative results gathered on 15
epibenthos monitoring cruises on the Dogger Bank with
RV Senckenberg in July/August of the years 1991-2008
(Table 1). The sampling grid consisted of 37 stations
(Fig. 1), covering an area of approximately 17,000 km?.
Station 40 at the tail end of the bank was surveyed for 48 h
during every cruise at 3-h intervals, whenever allowed by
weather conditions, in order to get an idea on diurnal
(daylight- and tidal current-induced) variability. Only the
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Table 1 Sampling periods for the years 1991-2008

Cruise year ~ Sampling period  Cruise year ~ Sampling period
1991 30.07 to 04.08 2001 19.07 to 25.07
1992 29.07 to 31.07 2002 26.07 to 31.07
1993 01.08 to 03.08 2003 30.07 to 06.08
1994 21.07 to 26.07 2004 04.08 to 08.08
1995 26.07 to 31.07 2005 03.08 to 06.08
1996 23.07 to 29.07 2006 19.07 to 25.07
1997 17.07 to 22.07 2008 30.07 to 04.08
1999 04.08 to 08.08

first sample each at station 40 is included in this study in
order to retain comparability of cruises and stations. Due to
interference with other projects, no monitoring cruises
could take place in 1998, 2000 and 2007. The research
cruise of the year 2005 was excluded from the species list
(Table 2), because extremely bad weather conditions did
not allow to sample all stations.

The station grid was designed first by choosing 40
equally distributed stations, mainly within the 30-m depth
contour. After first try-and-error trawls, the stations with
seafloor conditions improper to trawling were skipped
because of foul ground (1, 2 and 19). Furthermore, sta-
tions where underwater cables or pipelines were laid
during the survey period had to be moved. The epibenthos
survey was performed with a 2-m beam trawl, showing a
minimum mesh size of 1 cm? in the cod end. The trawl
was towed for one nautical mile at a speed of 2.2 knots.
The catch was sieved using three different mesh sizes
(10 mm, S mm and 300 pm). The megafauna (>1 cm)
was separated from the fine fractions, which were pre-
served in 5% formaldehyde in sea water. Only the 1-cm
fraction was quantified, because only animals with body
sizes above 1 cm were systematically retained by the net.
The 1-cm fraction was determined to species level and
counted on board ship. Megafaunal components that were
not identifiable on the spot and species of special scien-
tific interest were preserved in 5% formaldehyde in sea
water (rarely in EtOH 99%) for subsequent determination
in the laboratory.

All epibenthic animals above 1 cm in size found on the
cruises are listed in Table 2. Some species in this list are
semi-endobenthic or rarely even endobenthic, such as
Tubulanus superbus. These species sometimes appeared in
the catches as they occasionally come close to the sedi-
ment surface layer. Such species are dug out by the tickler
chains and caught with the trawl. They are often difficult
to assign to either an epi- or endobenthic lifestyle and
were thus kept in the species list (similar to Callaway et al.
2007).



Helgol Mar Res (2012) 66:63-75

65

1° 2°

3° 4°

55°30°

55°

54°30°

15-20m

Fig. 1 Sampling sites on the Dogger Bank. Bottom right position of the Dogger Bank in the North Sea. With a few exceptions, all stations are

above the 30-m depth line

Results
Species composition

Table 2 lists all megaepifaunal (>1 cm) species caught
throughout the research period. A total of 176 species were
recorded, with a mean of 64 species per cruise. The list
includes Porifera (4 spp.), Cnidaria (25 spp.), Nemertini
(1 sp.), Annelida (11 spp.), Arthropoda (30 spp.), Mollusca
(40 spp.), Bryozoa (6 spp.), Echinodermata (14 spp.) and
Chordata (45 spp.).

Twenty-one species (marked in grey in Table 2)
appeared on all 14 cruises. They belong to the phyla
Cnidaria (1 sp.), Annelida (1 sp.), Arthropoda (3 spp.),
Mollusca (1 sp.), Bryozoa (2 spp.), Echinodermata (5 spp.)
and Chordata (6 spp.).

The eight species with the highest MSPI (mean species
presence index, see Table 2) are marked with bold lines.
As a descriptive measure of variability (with no implication
that the variation is random), we give the standard
deviation.

Warm water species

Cruises since 2002 revealed the occurrences of some
species with more southern/oceanic distribution patterns,
but uncommon in the Dogger Bank area. These include
(with the year of first appearance in our records), Necora

puber (2002), Luidia sarsi and Mullus surmuletus (2003),
Trisopterus minutus and Zeus faber (2004), Atelecyclus
rotundatus (2006) and Luidia ciliaris (2008).

The species N. puber appeared only sporadic (2002,
2004, 2006) and in low abundances at the western part of
the research area. One specimen of the echinoderm L. sarsi
was found in 1993 at station 8. Then, the species disap-
peared until 2003, when 191 specimens were recorded,
with a highest abundance on stations 17 and 18. Except in
2005, this species was found consistently, but on varying
stations, more in the west than in the east of the Dogger
Bank. The species M. surmuletus (red mullet) appeared
only once at station 36; one specimen of 7. minutus was
detected at station 40, while Z. faber was also recorded
with just one individual at station 36. The decapod
A. rotundatus first appeared at the west of the Dogger Bank
in 2006 (station 7), where it was detected again in 2008.
In this year, it was also sampled at station 30 in the east.
The starfish L. ciliaris appeared with two individuals at
the western part of the research area at stations 9 and 11
in 2008.

Species richness
Figure 2 shows the total number of species per cruise
(absolute species number). Additionally, the number of

species per cruise divided by the number of stations sam-
pled per cruise (smoothed species index) is shown. This
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2 8 3 buffers variations in species numbers causeFl by differences
S o 23 in the number of stations sampled per cruise (relevant for
=g &g %; the years 1993 and 2005). Although both curve.s h?lve a
% S 3 3 § é slightly negative slope, only the smoothed species 1ncoleX
& o shows a significant decrease (P = 0.04) over the sampling
% Qs g ;iS) period in a linear regression.
Q
=
§ v =~ % 2 Species discovery curve
N v oo L e
gle8 g é The species discovery curv.e (Fig. 3) was fltted to the
ST es % § cumulative number of species encountered }n the study
Q S z area since the first survey in 1991, repress:ntmg the .sam-
§ R g ; pling. effort in. time. It is related to, but not identical with, a
a g g classical species—area curve.
S IS8
£ 8
% TS g g Discussion
$ =
§ 0 g%ﬁ Species composition and associated dynamics
— o o [
) E. g The species with the highest mean species presence index
= S & 28 (MSP]) at the Dogger Bank was the Yellow Sole Buglos-
R % vé sidium luteum, which appeared on all statlons. and cruises.
2 8 & E % The species reached the highest abundgnce in near%y.all
" = é catches, hence supporting its MSPI ranking. Buglosszdmm
% N 'c'g 4 luteum 1is reported to be common on sandy grounds, in
3 shallow areas inshore and offshore (Hayward and Ryland
;‘E I = §§ 1998), feeding on a wide range of benthic organisms,
- o < mainly crustaceans (copepods, amphipods, cumaceans),
§ 0o < é E bivalves and polychaetes. T.hé Doggfir Bank therefore
- e % é appears to provide ideal COIldrltIOI’IS of life. '
2 N 4 The second-highest MSPI is that of Asterias rube.ns, the
= 2 ::" é most abundant echinoderm on the Dogger Bank during th.e
o g = sampling period. Like B. luteum and Limanda limanda, it
2 © % T: was detected on almost all stations on all cruis.es.
i% The animal with the third-highest MSPI 1s.the Dab
Z«:’ E Limanda limanda, also being a typical lrepresent:iltnt;e t(t)f thse
ER: Dogger Bank fauna, as adults live mainly on sandy bottoms,
% E fror%lga depth of a few metres to about 100 m. The species
S é feeds predominantly on crustaceans and small fish (Murua
g Eg and SEborido-Rey %,003). It is characteristic of and wide-
G g & spread throughout the Dogger Bank, but. ml.lCh less abundant
2 - :/:\ compared with B. luteum. At thj begllnnglg of the studg;
E e many dab specimens showed dermal abscesses, may
% 2 % 25 caude by ectoparasitic copepods (Newell et al. 1979) or
E g g 2 g § water pollution (Lang et al. 2003; Dethlefsen et al. 2001), but
k3 § E 2 ? g é in recent times, the apscess rate h'as droppeq to nearly zero.
- Sg g § E 8. é g The species ranking fourth in MSPI is the common
AR R g E g hermit crab Pagurus bernhardus. It was found on aln.lost
é % § % % § é = all stations of all cruises, often in high abundance. It mainly
A0 % E feeds as scavenger (Ramsay et al. 1997), but also on small
: E E § organisms (Orton 1927), taking advantage of the discards
E 5 58 Eg of commercial fisheries (Ramsay et al. 1997).
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Fig. 2 Species richness. The
upper curve (broken line) shows
the total number of species

determined per cruise (left
y-axis). The lower, solid line

(smoothed species curve) was

Smoothed species index

constructed by dividing the total g
number of species by the c
number of stations sampled per 2
cruise and is non-dimensional »
by itself (right y-axis). The two -g
thin lines are the exponential g
curve fits »
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Fig. 3 Species discovery curve. The y-value for 1991 represents the
number of species detected during this first cruise. The values for
the subsequent cruise years were calculated as the number for the
previous cruise year plus the number of species newly detected on the
respective cruise

The fifth-ranking species in MSPI is the swimming crab
Liocarcinus holsatus, which occurred on almost all stations
on all cruises. It mainly appeared subtidally down to 50 m
(personal observations), but is also reported to occur
occasionally in depths of more than 200 m (d’Udekem
d’Acoz 1999). This omnivorous crab was often found in
high abundance throughout the Dogger Bank.

The scaldfish Arnoglossus laterna is ranked sixth in
MSPIL. It also appeared on nearly all stations on all cruises.

@ Springer
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Out of all fish species in the catches, it generally showed
the highest abundance next to B. luteum. The habitat con-
ditions do not seem to be optimal for this flatfish, which
lives on mixed or muddy bottoms and feeds on small fish
and invertebrates (Nielsen 1986).

The species with MSPI rank seven is the starfish
Astropecten irregularis. In terms of echinoderm abun-
dance, it takes rank two after Asterias rubens. Its occur-
rence frequency was relatively constant over time. It was
found on slightly fewer stations in the beginning of the
research period in 1991. This species prefers sandy
bottoms, where it tends to bury (Mortensen 1927).

The sea urchin Psammechinus miliaris was found con-
sistently on almost all stations until the year 2001. From 2001
to 2002, its SPI dropped from 0.92 to 0.54. This decrease
coincided with a general decrease in species richness (Fig. 2)
for unknown reasons. Then, the overall SPI rose again to a
maximum of 1.0 (2003), again followed by a decrease to 0.4
in 2008. A population shift may be in progress, but further
information could only be provided by integrating data on
occurrences and abundances of this species. Generally,
P. miliaris occurs in a diverse range of habitats, frequently at
high densities, particularly in shallow and littoral locations,
but mass occurrences are often limited to unique microbio-
topes (alike assemblages of Ophiothrix fragilis on the sponge
Halichondria panicea). Its omnivorous behaviour is well
documented (Otero-Villanueva et al. 2004). The grazing
activity of P. miliaris is likely to have a profound impact on
the biodiversity and distribution of subtidal and intertidal
encrusting invertebrates, but little is known on the extent to
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which P. miliaris regulates these community structures. The
species occurs mainly in the southern and eastern part of the
North Sea, including the Dogger Bank, the German and
Danish Wadden Sea and the southern German Bight. Its main
bathymetric distribution ranges from the littoral to approxi-
mately 100 m, and it is relatively tolerant of low tempera-
tures (Kelly and Cook 2001).

The species mentioned above are the most common and,
as confirmed by our ongoing investigations, are also the
most abundant component of the epifauna of the Dogger
Bank. Our long-term studies show that the species with a
MSPI between 0.8 and 0.15 are part of the common Dogger
Bank fauna, but are generally not dominant. The animals
with an MSPI around or lower than 0.12 are detected less
frequently, but they represent the majority of the species
list. Furthermore, a small number of secondary species
(e.g. Raja clavata) is often limited to a distinct area of the
Dogger Bank, some of them only appearing in deeper
waters (at or slightly below 30 m), in the eastern part of the
sand bank. Others such as Microstomus kitt occur pre-
dominantly in shallow, gravelly areas in the western part of
the bank. The majority of the secondary species of the
Dogger Bank cannot be correlated with a distinct area.

Warm water species

The appearance of temperate oceanic species new to the
Dogger Bank is in line with the recorded increase in North
Sea surface temperatures (Loewe et al. 2006). This is fur-
ther supported by the fact that in some temperate species
that have always been present, the regular appearance in
recent catches has significantly increased, e. g. Echiichthys
vipera (Tiirkay and Kroncke 2004).

The velvet swimming crab N. puber is known from the
south-west coast of Norway, the western coast of Great
Britain, as well as from the Dutch and German coastal
areas (Christiansen 1969; Clark 1986). A detailed distri-
bution map of Necora puber from Belgium and the Neth-
erlands is available in Adema (1991).

No other observations of Necora puber from the central
North Sea and the Dogger Bank can be found in the pub-
lished literature.

Nevertheless, the predominantly sandy bottom of the
Dogger Bank may explain why L. sarsi has not achieved a
higher spatial coverage or abundance in the research area.
The species has been reported from “all round the British
Isles, but rare in the English Channel and southern North
Sea” (Southward and Campbell 2006), on muddy sand
grounds. Frauenheim et al. (1989) compared summer and
winter catches, detecting L. sarsi only in summer. Reiss
et al. (2010), defined the species as characteristic of the
northern North Sea. It was also detected in the IBTS cruises
in 1999 (Ziihlke et al. 2001). The species seems to be less

abundant in the southern North Sea, and there have been no
reports from the Dogger Bank so far.

The red mullet Mullus surmuletus and the poor cod Tris-
opterus minutus were classified as “southern” species by
Corten (1996). Additionally, M. surmuletus was reported
occasionally before 1995 and more regularly thereafter from
the IBTS Fishing Area 4B (central North Sea) by Beare et al.
(2004). According to this study, also T. minutus was found at
low abundance, but more regularly than M. surmuletus, on
the IBTS surveys before 1995, and then showed a remarkable
increase in abundance in the late 1990s.

Regarding Zeus faber, one specimen has already been
detected on the Dogger Bank on a cruise in 1996 at
55°18'N 3°12'E (information from the homepage of the
Zoologisk Museum Kgbenhavn 2010). The detection of
Z. faber coincides with its increase in abundance in the
southern North Sea in the late 20th and early twenty-first
century, detected in the IBTS database, reported by Beare
et al. (2004).

Concerning Atelecyclus rotundatus, these are the first
published records for the Dogger Bank. The species is
reported from the southern coast of Norway and the west
coast of Great Britain (Christiansen 1969). Clark (1986)
describes the species’ distribution over the northern part of
the North Sea, following the course of the Gulf Stream and
parts of the south-western North Sea adjacent to the Eng-
lish Channel, while the central North Sea with the Dogger
Bank area remains blank. Adema (1991) reviewed the state
of knowledge about the distribution of A. rotundatus. Some
records in the IBTS (International Bottom Trawl Survey)
database of ICES (International Council for the Explora-
tion of the Sea) are reported by Ziihlke et al. (2001) without
giving the exact sampling location. Records from the Dutch
coast since 2005 are summarized in Vanhaelen (2009).
Additional information on the distribution of A. rotundatus
and N. puber is available in d’Udekem d’Acoz (1999).

The starfish Luidia ciliaris was not known to occur in
this area of the North Sea. Sparse information is available
on its distribution. An occurrence map is available at the
online-portal MarLIN (Avant 2008), showing the species’
distribution along the west coast of Great Britain, all
around the Irish coast and around the coasts of the Shet-
lands and Orkneys. This is supported by Southward and
Campbell (2006) who also mentioned the species to occur
“close to the northeast coast of the British Isles as far south
as Yorkshire”. In Hayward and Ryland (1998), the species
is described as “common on all British coasts except
southern North Sea”.

Species richness

In 1993, an unusually high number of taxa was detected in
comparison with the relatively small number of sampled
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stations (Fig. 2). The highest absolute number of taxa was
recorded in 1994. In 2002 and 2005, the relatively low
absolute taxon numbers are also reflected in the smoothed
species curve, which seeks to compensate for variable
sample numbers (as in 2005).

The fitted curves show a general decrease in species
numbers during our investigation period. After an initial
rise in the taxon numbers from 1991 to 1994, a noticeable
decrease in the absolute number of identified taxa per
cruise occurred from 1995 to 1996, down to a level com-
parable to the ones of 1991 and 1992. A slight increase in
1997 and 1999 was followed by a slight decrease in 2001
and then a larger one due to the absence of 20 species from
2001 to 2002. In 2003, the species numbers rose again to
71, reaching the highest level since 1996, re-entering a
downward trend in 2004. The large reduction in species
number in 2005 needs to be treated with some caution,
even though supported by the smoothed species curve. Due
to bad weather conditions, only 22 stations could be sam-
pled. In 2006 and 2008, the species number increased
again, but not to the levels previously encountered.

Species occurrence and sampling efficiency

In all years, except 2005, some new taxa (i.e.taxa recorded
for the first time during our Dogger Bank investigation
such as Anapagurus laevis and Pagurus cuanensis in 2002)
were detected (Fig. 3). The species discovery curve indi-
cates a rapid increase in newly discovered taxa in the first
four cruises until 1994. Then, in 1995, this rate dropped by
approximately 50% and halved again in 1996, indicating
that the sampling technique needs to be repeated over at
least five annual cruises to get an acceptable overview on
the taxon number within the research area.

From 1996 to 2002, the discovery rate remained rela-
tively constant between four and six new records per
cruise. In 2003, the rate of new taxa doubled again in
comparison with the rate of 2002. When compared with the
species richness curve in Fig. 2, the total taxon number was
also comparatively high. In 2004, only three additional taxa
were detected; the cause for this decrease remains unclear.
In 2005, the detection rate dropped to zero. This may be
due to the sampling of only 22 stations caused by bad
weather conditions. The rates of 2006 and 2008 are again
comparable with the ones of 1996 to 2001.

The species discovery curve (Fig. 3) indicates that
approximately three subsequent cruises using a comparable
monitoring technique and research area/station grid seem to
be necessary to record more than 50% of the estimated
entire epibenthic bottom fauna. The species discovery
curve, however, does not reveal whether newly detected
species were already present in the area before but merely
remained undetected or whether they are recent invaders. It
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was anticipated that the curve shows an asymptotic curve
fit, reaching a plateau phase in the last segment, but that is
not exactly the case. The species discovery curve does not
level out in spite of the high number of samples, which
means that there is still an evident increase in species
numbers. This is in accordance with the results of Neumann
et al. (2008), who stated that even after 60—67 replicates, the
accumulation curves did not reach a plateau phase. In spite
of slight differences in the sampling methods and area of
individual samples, our curve shows basically the same
characteristic. Due to the twofold longer period of our
sampling, we are not sure whether the whole dataset can be
treated as taken from the same unit. The species richness
curve (Fig. 2) shows through the decrease in total species
numbers that the species composition in the individual years
was not constant, which is further supported by the increase
in more oceanic warm water elements during recent years.
This suggests that the open end of the species discovery
curve might be due to changes in the local species com-
position in the context of environmental changes, rather
than to a random addition of species.
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