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Dankwoord

Eindelijk de allerlaatste pagina! Ik herinner mij de lange 'teldagen’, samen met Nancy, elk aan onze
bino in een (toen nog) paleis van een lokaal. Doctoreren leek voor ons nog zo heel veraf toen Dré en
Jan bij ons kwamen uitblazen tussen hun schrijven door. Wat er nu de plezantste momenten waren?
Moeilijk te zeggen. De kampagnes zullen mij in elk geval lang bijblijven. De
maandagmiddagpistoleetjes als startsein om een week lang gedreven te worden door het ritme van de
Belgica. Algauw geen tijdsbesef meer, voortdurend denken in termen van Reineck, Niskin en slee,
zwel in °t water en Beaufort, hoog water punten en station 330. Enkel de soepgeur vanuit de keuken,
elke dag stipt om 10 uur, was een vaste referentie. Ook telkens de kick wanneer de slee weer boven
water kwam, verwondering over de vangst en het uitkijken naar die zalig warme douche na het werk.
Zowat iedereen is wel 'ns meegeweest op staalname. Vooral Guy, Myriam, Annick, Johan, en Andy
behoorden min of meer tot de vaste ploeg. In het totaal zijn we toch een kleine dertigtal keer op
kampagne geweest, alles bij elkaar goed voor een aantal maanden full-time op zee. Niet min eigenlijk,
nog net hadden we er geen vaste plaats aan tafel. Deze mensen waren voor mij een grote steun. De
perfecte samenwerking en correctheid aan boord, het enorme begrip en blijvend enthousiasme als het
programma Wweer ms op zn kop gezet werd, als dag-werk plots nacht-werk werd (en nog zoveel
meer),... ik kon eigenlijk niet beter wensen.

De jaarcyclus heeft misschien wel het meest in m’n hoofd rondgespookt. De eerste 10
maanden wou de wind niet gaan liggen en kwamen we keer op keer met lege handen naar huis.
September 1994 was een keerpunt, wonder boven wonder waren de weergoden met ons gedurende
alle daarop volgende kampagnes. Naarmate de kelder volgepropt werd met stalen, nam ook de
uitdaging toe om er dan ook iets mee te doen. Dankzij Danielle, Annick, Johan, Myriam en Wies, die
samen ongelooflijk veel organismen uitgepikt hebben (een aantal honderdduizenden), is het gelukt
om er iets van te maken. Misschien is het juist door die inspanning van al die mensen dat ik toch
ergens een stickem verlangen koester, dat de verzamelde gegevens tot nut mogen zijn om iets te doen
aan het welzijn van onze kustzone.

Dit onderzoek werd financieel gesteund door het DWTC (Impuls Programma Zee, contract nr.
MS/02/080), Universiteit Gent (BOF 02/98-08 contract nr. 12050192) en het Fonds voor
Wetenschappelijk Onderzoek (FWO contract nr. 3G209492). Het IWT ben ik erkentelijk om mij 4 jaar
lang een mandaat toe te vertrouwen. De hyperbenthische slede werd in het kader van het Impuls
programma geconstrueerd en gefinancierd door de BMM.

Zonder de hulp en mentale steun van heel veel mensen zou dit proefschrift er nooit gekomen zijn:

Heel veel respectvolle dank aan Prof. Dr. August Coomans. Zijn kennis en het in-één-oogopslag
identificeren van - voor mij - onherkenbare organismen heeft mij vaak overweldigd. Ergens ben ik
ook blij dat ik nog op de valreep, misschien als laatste, onder zijn toezien mag doctoreren.

Mijn promotor Prof. Dr. Magda Vinex wil ik bedanken om mij alle vrijheid te geven en vooral om me
mijn eigen weg te laten zoeken. Magda, uw steun en blijvend vertrouwen was VvOOr mij een
voortdurend houvast dat van groot belang geweest zijn om er te geraken. Ook van harte bedankt om
mij zoveel buitenkansjes te gunnen, zoals Kenya, Ecuador, Antarctica, ... ik heb er enorm van
genoten!

Geen doctoraat zonder co-promotor Dr. Jan Mees, aan wie ik heel veel te danken heb. Hij heeft mij
ingewijd in het hyperbenthos onderzoek. Zijn overweldigend enthousiasme en stimulans heeft mij
gedreven om mij achter dit doctoraat te zetten en vol te houden op momenten dat ik mezelf bedolven
voelde onder de veelheid stalen. Nogmaals bedankt, Jan.

Prof. Dr. Ann Vanreusel heeft mijn ‘schrijf-jaren’ misschien het dichtst meegemaakt. Bedankt Ann,
om je te buigen over mijn ellenlange hyperbenthos verhalen, mij te volgen in mijn doen en denken,
geregeld mijn verregaande gedachtengangen te kanaliseren en nog voor heel veel, zoveel meer.



Dit proefschrift is het resultaat van de inspanning van heel veel collega’s van de Marine Biologie.
Hartelijk dank aan alle mensen die er bij waren op de staalnames: Annick Van Kenhove, Johan van
De Velde, Myriam Beghyn, Guy De Smet, Dirk van Gansbeke; Andy Vierstraete, Maaike Steyaart,
Dr. Steven Degraer en nog vele anderen. Yves Israél zorgde voor de ‘optimalisatie’ van de slede, heel
. veel “draaiwerk’ en gesleutel heeft ervoor gezorgd dat ze nu nog steeds zeevaardig is. Bedankt Yves,
ook voor het ontwerp van de patent-waardige ‘trechterzeven’. Alle chemische analyses werden
uitgevoerd door Dirk van Gansbeke; Myriam Beghyn en Andy Vierstrate zorgden voor de
korrelanalyses. Het superbe trieerwerk is gebeurd door Danielle Schram, Annick Van Kenhove, Johan
van de Velde, Myriam Beghyn, en Wies Gijselinck. Mijn thesistudenten Karien De Batselier, Steven
Rhymen, Veerle Rottiers, Siska Mortier, Joyce De Troch en Véronique Van Quickelberghe hebben al
te samen een pak stalen uitgewerkt en mij bovendien heel veel bijgeleerd. Marcel Bruyneel heeft alle
kaartjes getekend en Guy de Smet zorgde met veel geduld voor de gescande figuren.. Ook speciale
dank aan Dr. Marleen De Troch voor duizend-en-één lay-out tips en weetjes. Kris Hostens en Jeroen
De Caesemaker, ex- en huidige computer-manager hebben er voor gezorgd dat mijn machine nog
steeds draait, ondanks de vele virus aanvallen en andere beslommeringen. Heel veel mensen hebben
dit werk inhoudelijk doen evolueren tot zijn huidige vorm, door vele discussies en door het kritisch
lezen van manuscripten. Vooral dank aan Dr. Bregje Beyst om vele bedenkingen, ideeén uit te
wisselen over 'onze vissen en kleine garnalen'. Dr. Koen Sabbe en Dr. Koenraad Muylaert zijn zo een.
beetje mijn gidsen geweest in mijn zoektocht doorheen de multivariate statistiek. Tenslotte, ben heel
veel dank verschuldigd aan een groot aantal mensen die tijdens de laatste stressvolle weken aan alle
kanten bijgesprongen hebben: Wendy Bonne, Jan Wittoeck, Regine Coolen, Barbara Bert, Ilse De
Mesel, Tim Deprez, Dr. Marleen De Troch, Guy De Smet, Véronique Vanquickelberghe en Koen,
Thomas Remerie, Henny Hampel, Nancy Fockedey, Prof. Ann Vanreusel, Dr. Jan schrijvers. (Ik
schaam mij een beetje bij het zien van dit lijstje.) Enorm bedankt allemaal, ik zal jullie begrip en
medeleven nooit vergeten !

Alle overige collega’s en ex-collega’s die allemaal wel op een of andere manier een hulp of steun
geweest zijn, waaronder Dina Vandenbroeck, Dr. Enok Wakwabi, Tom Gheskiere, Jan Vanaverbeke,
Isolde De Grem, Dr. Sandra Vanhove, Lee Hee-Joong, Rita Van Driessche, Annemie Volckaert, Gert
Van Hoey, Dr. Dré Cattrijsse, Julius Okondo, Dr. Philip Meysman, Frangois Mussche, Ronny
Schallier, Dr. Tom Moens, Dr. Agnes Muthumbi, Erik Verhaeghe, Tom Tytgat, Prof. Dr. Wim
Vijverman , Bernard Timmerman, en al wie ik vergeten mocht zijn.

I would like to thank Dr. Jean-Claude Sorbe from Arcachon for using his library and his support in the
identification of the deep-sea fauna. His enthusiasm in peracarid crustaceans was a great stimulus.

Dank aan Joan Backers (BMM) voor het uitzoeken en leveren van tal van digitale gegevens van de
Belgica kampagnes. Guido Dumont (AWK) heeft mij lange files met allerhande metingen van het
Belgisch kustgebied bezorgd. Uiteraard wil ik ook de kapitein en bemanning van de Belgica bedanken
voor het vlotte verloop van de staalnames.

Speciale dank aan Dries Van den Eynde (BMM) voor zijn bereidwillige samenwerking om mijn data
te linken aan de hydrodynamiek van het Belgisch continentaal plat. Ook Dr. Vera van Lanker (UG-
Geologie-Bodemkunde) heeft mij wegwijs gemaakt in de stromingen en transporten in ons
kustgebied.

En tenslotte de mensen van dichtbij: Koen S., Mia, Sigrid, Pascal, Sylvia, Regine, Barbara, Arianne,
Anja, Bart A., Nancy, Jan W. en heel in ’t bljzonder Jan S., om die afgelopen jaren mee te gaan, mee
te leven en mee te doorstaan en vooral om nu mee opgelucht en blij te zijn.

Ann,
Gent, 3 November 2001
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Introduction

Challenge

The North Sea is one of the environmentally most diverse regions in the NE Atlantic
(Glémarec 1973; Lee 1980) and one of the most productive oceanic regions in the
world (Backhaus 1980). It has a long history of multiple uses by people from many
nations and its watershed covers highly developed industrial and agricultural areas.
This involves strong pressure on the health of the North Sea ecosystem, a major
environmental issue for many decades. Fisheries (removal of target species, seabed
disturbances, effects of discards and mortality of non-target species), inputs of trace
organic contaminants (from land and shipping) and nutrients input from land are
known as the severest human impact at the end of the 20™ century (OSPAR
Commission 2000). Coastal areas in particular are under pressure of numerous
activities and conflicting uses, leading to habitat changes and loss (Ducrotoy er al.
2000). Since the last decade, major changes are taking place in approaching the
protection of the marine environment. There is now an awareness of the need to
safeguard the marine ecosystem and to achieve sustainability in respect to human use
(OSPAR Commission 2000). The international context is evolving constantly and
since the 1990s legislation is under development in order to address threats to the
biodiversity of the North Sea ecosystem (e.g. OSPAR Convention, Ramsar
Convention, Wild Birds Directive, Habitats Directive) (see Ducrotoy et al. 2000).
Despite the fact that scientific research has been intense in the North Sea region,
there is still a lack of knowledge of its biodiversity (Cripps & Christiansen 2001,
website). Additional data is needed in order to properly manage the area (Ducrotoy et
al. 2000).

Data on species distributions of the North Sea’s plankton is delivered by Continuous
Plankton Recorders (CPR Survey Team 1992), regularly be deployed since 1946
(Warner & Hays 1994). The provision of this long-term data series has therefore
revealed a well-known phyto- and zooplankton community of the area (e.g.
Colebrook 1982; Lindley 1987; Reid et al. 1990; Fransz et al. 1991; Williams ef al.
1993). Endobenthic communities of the North Sea have been recognized from the
twentieth century (e.g. Gilson 1907; Petersen 1914, 1918), and a synoptic survey has
been undertaken in 1986 characterizing the meio- and macrobenthic communities it
harbours (e.g. Huys ef al. 1990; Kiinitzer et al. 1992; Heip et al. 1992; Heip &
Craymeersch 1995). Epibenthic communities (both free-living and attached species)
were described by Dyer ef al. (1983) and more recently by Jennings et al. (1999) and
Rees et al. (1999). Approximately 230 species of fish are known to inhabit the North
Sea of which 13 are the main targets of major commercial fisheries (OSPAR
Commission 2000). The ecology of North Sea fish has been reviewed by Daan et al.
(1990), and a characterization of demersal fish communities is given by Rogers et al.
(1998). From top-predators in the North Sea ecosystem, it is known that seabirds
represent substantial proportions of the world population (OSPAR Commission
2000), whereas less quantitative information exists for mammals. The first detailed
survey of small cetacean populations in the North Sea was only carried out in 1994
(Hammond et al. 1995).
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Fig. 1. Overview of research sites for the hyperbenthos on the European continental shelf (see Table
1). Sources from literature are indicated in green, selected working areas for this study are indicated

(1) Continental slope / canyon
(2) Fjord

(3) Subtidal

(4) Surf zone

(5)_Coastal lagoon
(6) Estuary

in red. Dots are roughly sized according to the quantity of available data.
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Until now however, the hyperbenthic fauna (the association of small animals living
in the water layer close to the seabed) has been poorly examined and even baseline
data on hyperbenthic community structure are virtually unknown for most parts of
the North Sea (see Fig.1). This has been attributed to the only recent development
(since the last 2 decades) of suitable sampling gear required for quantitative research
to catch this motile fauna in the vicinity of the bottom (Mees & Jones 1997). Still,
few scientific research teams concentrate on the hyperbenthic fauna involving the
information gathered remains quite locally restricted and is concentrated to vast
working areas, mainly in W Europe. In the southern North Sea, the hyperbenthos has
intensively been studied in the shallow Dutch delta area (papers by Mees) and in the
surf zone of the Belgian coast (papers by Beyst). Further southwards, detailed
information is available on this fauna thriving in the English Channel and the Seine
estuary (papers by Dauvin). Elaborated research on the continental shelf and slope in
the Bay of Biscay has started already in the 1980’s and is still going (papers by
Sorbe). In Portugal, this fauna has been studied at the shelf break and in a coastal
lagoon (papers by Cunha). Studies in the Mediterranean have mainly been
concentrating on surf zones (papers by Vicente and Munilla) and on the continental
slope (papers by Cartes). Research outside Europe is most extensively for polar
regions (papers by Brandt) (see Table 1 for an overview of literature by the
mentioned authors).

Despite the scattered knowledge on hyperbenthos communities, evidence of their
potential function through carbon fluxes has often been emphasized. The potential
role of the hyperbenthic fauna in marine ecosystems can be summarized as follows:

(1) Flux to higher trophic levels. The role of the hyperbenthos as a food
source for juvenile demersal fish and adult shrimp is well documented for shallow
coastal areas and estuaries (e.g. Mauchline 1980; Mees & Jones 1997; Hostens &
Mees 1999; Beyst et al. 1999a; Pedersen 1999; Oh et al. 2001) and more recently for
the deep sea as well (Mauchline 1986; Cartes 1998; Bjelland et al. 2000). Also
coelenterates, cephalopods, birds and mammals were identified as potential predators
on hyperbenthos (Mees & Jones 1997).

(2) Consumption of detritus, zooplankton and phytoplankton. Hyperbenthic
species are omnivorous or detritivorous, though trophic guilds of strictly herbivores
or carnivores may be present too (Mees & Jones 1997). They are believed to
contribute to the conversion and recycling of organic matter as several species were
indicated to feed on non-refractory detrital matter (Kost & Knight 1975; Jansen
1985; Fockedey & Mees 1999). Mysids can selectively feed on specific zooplankton
species and size groups, thus potentially structuring zooplankton communities
(Fulton 1982; Rudstam et al. 1989). Particularly for the deep sea, scavenging
amphipods and isopods might be of specific importance for the flux of organic matter
to the sea floor (Thurston 1979; Lampitt et al. 1993; Kaim-Malka 1997). Certain
asellote isopod families have been shown to feed mainly on benthic foraminifers
moreover (Svavarsson ef al. 1993; Gudmundsson et al. 2000), suggesting an
important link in deep-sea food webs.

(3) Modification and transport of organic matter. The swimming activities of
he hyperbenthos might also contribute to the fragmentation of organic matter or
marine snow in the water column, as was indicated for euphausiids (Dilling &
Alldredge 2000; Graham et al. 2000). Disaggregation of marine snow alters the
availability and size distribution of particles possibly leading to a change in the rate
of particulate carbon utilization and overall microbial activity in the water column



Introduction

(Dilling & Alldredge 2000). The vertical migration behaviour coupled with organic
material turnover activity also affects the energy transfer between the pelagic and
benthic realm (Lampitt e al. 1993). Finally, the motility and behaviour of the
hyperbenthos at the sea floor / water column interface might contribute to
bioresuspension and biodeposition processes, increasing the particle flux as
evidenced for other benthic organisms (Graf & Rosenberg 1997).

Further, most of the benthic organisms spend a certain time of their life history in the
water column as larvae. After a dispersal phase, they migrate from the pelagic to the
benthic realm during ontogenetic development. Pre-settlement stages can be seen as
transitional and exert characteristic behaviour, often coinciding with strong
morphological metamorphosis (Shanks 1995). Recruitment to adult populations is
strongly affected by pre- and post-settlement processes in the benthic boundary layer
showing large variations on diverse temporal and spatial scales (Butman 1987;
Roughgarden et al. 1988). Baseline data are thus important to evaluate hypotheses in
the study of successions of benthic communities, leading to a better understanding of
short and long term stability.

The primary aim of this study is to provide a baseline study of the species
composition and spatio-temporal distribution of the hyperbenthic communities
of the North Sea. The challenge was to contribute to filling the gap in knowledge on
hyperbenthic biodiversity in the North Sea. The approach was to selectively examine
well-chosen areas within the vast North Sea and then focusing on species
composition, density and diversity of the hyperbenthos.

Table 1. (next pages) Overview of literature providing quantitative data on hyperbenthic
communities or on separate hyperbenthic taxa. As the development of sampling gear involved quality
improvement of effective sampling, only recent studies performed by sledge sampling are listed.
Literature on studies applying other sampling devices has been assemblaged by Mees & Jones (1997);
for a literature review of Mysidacea (strictly hyperbenthic taxon) is referred to Mauchline (1980).
Geographical regions are ordered according to (1) ecological biomes in oceanography as classified by
Longhurst (1998) and (2) per habitat (see Appendex 1). The information given in the respective papers
is tabulated as mainly providing spatial or temporal data. For temporal data, a distinction was made
between monthly / bimonthly data (i.e. in general temporal succeeding data of 6 or more months a
year), seasonal data (data of 2 to 5 months a year) and circum-diurnal data (with focus on tidal or day
/ night difference). The most common hyperbenthic taxa or listed (see Fig. 3 and Table 3). (4)
Decapoda and Polychaeta may comprise larvae, juveniles or adults; Pisces are mostly dealing with
larval stages (see the respective papers). As a remark, the deep-sea waters of the Bay of Biscay rather
belong to the Atlantic Westerly Wind Biome (see Longhurst 1998).
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Study area

The North Sea is a relatively shallow (average depth of 90 m) semi-enclosed sea and
has a temperate climate (Ducrotoy et al. 2000). The water of this shallow North Sea
consists of a varying mixture of North Atlantic water and fresh-water runoff (Fig.
2A). The southern North Sea is influenced by a combination of water masses: (1)
warmer waters originating from the Channel; (2) an inflow from the region between
the Shetland and Orkney Islands (Fair Isle Current), with one branch running
southwards and then east along the 100 m contour (Dooley Current); (3) a second
southerly flowing branch, to the south of this 100 meter contour, along the English
coast which meets the Channel inflow water (Lee 1980). Summer temperature
stratification is established over large areas of the North Sea (Tomczak & Goedecke
1964). The water is vertically well mixed all year round, especially along the
continental coast but to a certain extent also across the Dogger Bank (Tomczak &
Goedecke 1964). At the boundary between well-mixed and stratified waters, tidal
fronts occur, running in a series of almost fixed geographical locations and
characteristic for the summer regime on the northwest European continental shelf
(Simpson et al. 1978; Bowers & Simpson 1987; van Aken et al. 1987; Bo Pedersen
1994; Tett & Walne 1995) (Fig. 2B). Fronts are important because they may restrict
horizontal dispersion and are believed to conspicuously enhance biological activity
in their environs (Nielsen et al. 1993; Bo Pedersen 1994; Richardson & Bo Pedersen
1998; Richardson et al. 1998).
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Fig. 2. (A) Schematic diagram of general circulation in the North Sea (source: after Turrell (1992), in
OSPAR Commission 2000). (B) Transition zones between mixed and stratified water in the North Sea
(source: after Becker (1990), in OSPAR Commission 2000).
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This southern North Sea was the focus of the present study (see Fig. 1). Two working
areas were selected at the transition between mixed and stratified water masses in
order to cover this frontal boundary area. Although the Dogger Bank is located in
the central North Sea it borders the southern North Sea to the north. This vast,
submerged sandbank is regarded as a special ecological region (Kréncke & Knust
1995). Phytoplankton production is nearly continuous throughout the year related
with near-stable abundances for macrofauna and fish. The Dogger Bank (between 18
and 40 m depth) has a significant impact on the circulation in the central and
southern North Sea and is an important fishing area moreover (OSPAR Commission
2000). The Frisian front (located off the northwest Dutch coast at the boundary
between the Southern Bight and the Oyster Ground) approximately coincides with
the position of the summer tidal mixing front and has very particular characteristics
regarding its benthic community (Creutzberg 1985). High sedimentation of organic
matter occurs in the area leading to an enriched bottom fauna (Baars ef al. 1991).

The main working area for this study however was the Belgian continental
shelf. This area is characterised by numerous linear subtidal sandbanks, reflected as
sets of parallel groups. Their close position to the coastline and the shallowness of
the area make them unique, both from an ecological as well as from a geological
point of view. The continuous interaction between morpho- and hydrodynamics
results in a complex heterogeneous structure, generating a variety of habitats for
marine life. It has additionally often been hypothesized that the protective character
of these sandbank systems possibly sustains a nursery function for several fish and
crustacean species (Dyer & Huntley 1999).

Towards the south, the hyperbenthos was studied along the shelf break and
upper continental slope delineating the continental shelf from the deep sea. This
area coincides with strong gradients in the physical environment consequently
leading to similar major gradients in faunistic groups (Rex 1981).
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Objectives

The hyperbenthic community of the Dogger Bank is dealt with in Chapter 1. This
- chapter aimed to describe the hyperbenthic fauna along a south-to-north transect
across the Dogger Bank by considering species composition, density, biomass, and
diversity. The following topics are discussed: (1) the presence of a distinct fauna in
the hyperbenthal zone with its endemics, and a particular transition from the benthic
to the pelagic realm; (2) the distri ution of the fauna in relation to the environment
on a small and large spatial scale; (3) the possible influence of the North Sea tidal

mixing front during summer.

The Frisian front hyperbenthos was sampled twice, during August 1994 and April
1996 (Chapter 2). The aims of this study were (1) to describe the hyperbenthic fauna
of the Frisian front during an early spring and summer situation in terms of species
composition, density, biomass, and diversity; (2) to investigate structural
characteristics of the hyperbenthic community along a cross-frontal gradient in order
to discover a possible shift in community structure at the Frisian front.

The hyperbenthic community at the shelf break and upper continental slope is
discussed in Chapter 3. For this aim, the northern edge of the Bay of Biscay (Eperon
Berthois) was selected as working site. Taxonomic composition, density, biomass and
species diversity were examined. It is obvious that this approach focuses on
hyperbenthic community structure in relation to the bathymetric gradient.

To provide a baseline study for the characterisation of the hyperbenthic communities
inhabiting the subtidal waters of the Belgian continental shelf, an extensive spatial
study (62 sites) was performed in September 1993. A depth-integrated sampling was
carried out, covering the main sandbank sets in the area: the Coastal Banks, the
Flemish Banks, the Hinder Banks, and the Zeeland Banks. Also included in the
sampling design were the marine and brackish waters of the Westerschelde estuary,
and the part of the Zeeland Banks, extending on the Dutch continental shelf. An
elaborate ecological description of the hyperbenthic communities thriving in the area
is given and their major structuring gradients are discussed (Chapter 4). The
following questions were addressed in this chapter: (1) What species are present in
the hyperbenthal zone?; (2) What about the spatial structure of the hyperbenthic
community in terms of species composition, density, biomass, and diversity?; (3) Is
there a relationship between community structure and the identified environmental
gradients on the Belgian continental shelf? -

Chapter 5 focuses on the temporal occurrence of holo- and merohyperbenthic taxa
in the Belgian coastal area. Monthly sampling was carried out from September 1994
until December 1995. Besides a temporal description, emphasis is specifically laid on
different biotopes of the studied area. The presented data is unique in the sense that
the sites covered an onshore-offshore gradient and an alongshore gradient (related to
estuarine outflow). The final discussion goes beyond the studied area focusing on
remarkable differences with the hyperbenthos of surrounding biotopes such as the
shallow Dutch delta area, the adjacent surf zone, and the Westerschelde estuary,
including its salt marshes.
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The relation between the spatio-temporal community structure of the hyperbenthos
and the environmental characteristics in the Belgian coastal area, are the scope of
Chapter 6. Special emphasis has here been put on the particular relation with the
prevailing hydrodynamic characteristics of the area, such as tidal and residual
“currents. Respons to physico-chemical variables has mainly been discussed in
Chapter 4, but are considered here as well.
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Approach

Working definition

The benthic boundary layer relates to the immediate physical environment of the
benthos, a term applied for the entire bottom community (McCave 1976). Its fauna
consists of endobenthic (living in the bottom), epibenthic (living on the bottom), and
hyperbenthic organisms, classified according to their position relative to the sea tloor
(Pearson & Rosenberg 1987; Mees & Jones 1997). The hyperbenthos is defined as
the association of small animals living in the water layer close to the seabed (Mees &
Jones 1997). It includes endemic species, planktonic species derived from
downwards extensions, and endo-or epibenthic species that emerge into the water
column (Mees & Jones 1997). This study’s approach is to assess the fauna of the
hyperbenthal zone (i.e. the zone occupied by the hyperbenthos) as an ecological
entity at the interface between the benthic and pelagic realm. Thus, rather than to
focus on specific taxa, the entire hyperbenthic community is considered, i.e. all small
animals swimming in the vicinity of the seabed.

The applied study’s working definition therefore categorizes the
hyperbenthos as all animals caught with the Sorbe-hyperbenthic sledge (see further),
with a size range between 1 and 20 mm (Fig. 3). The holohyperbenthos consists of
small animals that spend variable periods of their adult life in the hyperbenthal zone
(Mees & Jones 1997). Most abundant holohyperbenthic taxa are mysids, amphipods,
isopods, copepods, and chaetognaths. The term merohyperbenthos is applied for the
early life history stages of species that subsequently recruit to the nekton, epibenthos,
and endobenthos communities (Mees & Hamerlynck 1991). Caridean shrimps,
brachyuran crabs, postlarval fish and polychaete larvae are most common.

As a general rule, all animals larger than approximately 20 mm (see Table 2
for details) and animals manifestly belonging to the endo- or epibenthos (attached
organisms and animals being strictly buried in, or sitting onto the bottom) were
considered as non-hyperbenthos (see Table 2). Most of these animals were rather
occasionally caught and were removed from all analyses. For juvenile and adult
polychaetes it was more difficult to decide upon, as they are generally burrowing, but
might spend some time swimming in the water column. Yet, they were poorly
caught, except in few cases when the catch was slightly contaminated by touching a
sand ripple or some mud from the bottom. These catches could be distinguished, as
we experienced the presence of other endobenthic organisms. Therefore, it was
decided to exclude all polychaetes (apart form larval stages or real planktonic taxa).

To avoid confusion in ecological terminology, definitions as applied through
the text of this study are listed in Appendix 1. The reader is also referred to this
Appendix for the applied definitions of (1) marine biotic communities (2) the
delineation of marine depth zones and classification of habitats.

11
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Holohyperbenthos
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Hydromedusa Ctenophora Chaetognatha Copepoda

Mitrocomella polydiademata (20 mm) Pleurobrachia pileus (10 mm) Sagitta elegans (30 mm) Temora longicornis (1.5 mm)

Mysidacea Amphipoda Caprellidea Cumacea

Mysidopsis gibbosa (7 mm) Leucothoe incisa (7 mm) Phtisica marina (35 mm) Bodotria scorpioides (18 mm)

Isopoda Nebaliacea Euphausiacea Tanaidacea

Astacilla longicornis (10 mm) Nebalia bipes (4 mm) Nyctiphanes couchi (13 mm) Apseudes grossimanus (16 mm)

Merohyperbenthos

Polychaeta Caridea Caridea Thalassinidea
Lanice conchilega larva Palaemonetes varians zoea Palaemonetes varians postlarva Callianassa subterranea zoea
(3 mm) (2 mm) (4 mm)

i

Astacea Anomura Anomura Brachyura
Nephrops norvegicus zoea Pisidia longicornis zoea Pisidia longicornis postlarva Liocarcinus holsatus zoea
(9 mm) (5 mm) (6 mm) (3 mm)

Brachyura Pisces Pisces

Rhitropanopeus harrisii megalopa (1 mm) Solea solea postlarva (10 mm) Trisopterus luscus postlarva (11 mm)

Fig. 3. Illustration of the major taxonomic groups belonging to the holohyperbenthos (top) and

merohyperbenthos (bottom), most of the presented species were commonly encountered during this
study.

12



Introduction

Table 2. List of all major taxa caught during this study with details for their different life history
stages. Indication of holohyperbenthos (H), merohyperbenthos (M) and taxa considered as non-
hyperbenthos (N). The frequency of occurrence (F) of non-hyperbenthic taxa is classified as common

(C), occasional (O) or rare (R).

Systematic taxon Life stage F | Common name
Phylum Porifera adult R | sponge
Phylum Cnidaria
Subphylum Anthozoaria
Superclassis Anthozoa polyp N | R | coral, sea anemone
Subphylum Medusozoa
Superclassis Scyphozoa medusa N | R | jellyfish
Superclassis Hydrozoa
Classis Siphonophora colony N | R
Classis Hydroidomedusae hydromedusa hydromedusa
polyp N|O
Phylum Ctenophora juvenile, adult comb jelly
Phylum Echinodermata
Classis Asteroidea juvenile, adult N | O | seastar
Classis Ophiuroidea juvenile, adult N | O | brittle star
Classis Echinoidea juvenile, adult N | R | sea urchin
Classis Holothuroidea juvenile, adult N | R | seacucumber
Classis Crinoidea juvenile, adult N | R | feather star
Phylum Nematoda adult N | R | roundworm
Phylum Nemertinea adult N | R | ribbonworm
Phylum Annelida
Classis Polychaeta larva
juvenile, adult N|O
exception: Tomopteridae
(planktonic)
Classis Oligochaeta adult N | R
Classis Hirudinea adult N [ R | leech
Phylum Chaetognatha juvenile, adult arrowworm
Phylum Brachiopoda adult N | R | lamp shell
Phylum Bryozoa stolon N | R | moss animal
Phylum Mollusca
Classis Gastropoda snail
Subclassis Prosobranchia juvenile, adult N|O
Subclassis Opisthobranchia
Ordo Gymnosomata adult naked pteropod
Ordo Nudibranchia juvenile, adult sea slug
Classis Bivalvia juvenile, adult N|O
Classis Cephalopoda juvenile (< 1 cm)
adult (> 1 cm) N | R
exception: Sepiola atlantica
(adult < 3 cm)
Phylum Arthropoda
Subphylum Crustacea
Classis Copepoda
Ordo Calanoida adult
Ordo Siphonostomatoida adult (Caligidae) N|O
Classis Cirripedia adult N | R | barnacle
Classis Malacostraca
Subclassis Phyllocarida
Ordo Nebaliacea juvenile, adult
Subclassis Eumalacostraca
Superordo Eucarida
Ordo Euphausiacea juvenile, adult krill
Ordo Decapoda
Infraordo Penaeidea zoea prawn

13
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Systematic taxon

Life stage

Common name

Infraordo Caridea

Infraordo Astacidea

Infraordo Thalassinidea

Infraordo Anomura

Infraordo Brachyura

Superordo Peracarida
Ordo Mysidacea
Ordo Cumacea
Ordo Amphipoda
Ordo Isopoda

Ordo Tanaidacea

Subphylum Chelicerata

Classis Pycnogonida

Phylum Hemichordata

Classis Enteropneusta

Phylum Chordata
Subphylum Urochordata

Classis Ascidiacea
Classis Thaliacea

Subphylum Vertebrata

Classis Actinopterygii (Pisces)

postlarva (< 10 mm)
juvenile, adult (> 10 mm)
zoea

postiarva (< 10 mm)
juvenile, adult (> 10 mm)
zoea

postlarva (< 10 mm)
juvenile, adult (> 10 mm)
zoea

postlarva

juvenile, adult

zoea

postlarva

juvenile, adult

zoea

megalopa

juvenile, adult

juvenile, adult
juvenile, adult
juvenile, adult
juvenile, adult

exception: Prodajus
ostendensis, Cymothoidae
(parasites)

juvenile, adult

juvenile, adult

larva

adult
adult

fish egg

in general: postlarva (< 20
mm)

others: postlarvae of
Ammodytidae (< 60 mm),
Clupeidae (< 40 mm),
Syngnathidae (< 70 mm)
juvenile, adult ( >20 mm)
(mainly gobies)

exception: Diplecogaster
bimaculata (adult < 40 mm)

il i s

shrimp

lobster

hermit crab, porcelain

true crab

mysid, opossum shrimp

sea spider

acorn worm

sea squirt
salp

14
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Introduction

Methodology

Sampling methodology was standardised by daytime sampling and by consistently
using the same gear for each field campaign. Spatial patterns for each study area
were assessed during a late-summer sampling. Sampling was always carried out from
the RV Belgica.

A modified hyperbenthic sledge after Sorbe (1983) was used, designed to
collect the fauna of the lower 100 cm of the water column (Fig. 4). The sledge is 301
cm long, 169 cm wide, and 137 cm high; total weight is approximately 500 kg. The
floats on top of the sledge keep it in an upright position. Although slightly curved,
the sloping slide in front of the sledge, is as close as possible in contact with the
bottom, therefore permitting sampling of the lowermost water stratum adjacent to the
sea floor. Two pairs of nets (3 m long) were mounted next to each other. Mesh sizes
of the two superimposed nets to the left were 1 mm, while only 0.5 mm to the right.

Fig. 4. The hyperbenthic sledge (Sorbe 1983). (A) Closed blind when floating in the water column;
(B) the collectors mounted to each net; (C) the sledge with open blind when in contact with the
bottom; (D) collector with catch (see text for explanation).

15
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The lower nets sample the hyperbenthal zone from 0 to 50 cm above the sea floor
while the upper nets cover the adjacent stratum from 50 to 100 cm. The collector
(provided with lateral openings covered with a 0.5 mm gaze) of each net is fixed
onto the sledge’s frame along an angle of 45 ° (Fig. 4B). This prevents the collected
fauna to escape (by swimming back) or to get damaged by the strong flow. An
opening mechanism automatically operates when touching the bottom, preventing
contamination by upper water strata (Fig. 4A and 4C). An odometer (registering the
towing distance) and a flow meter (for calculating the volume of water filtered
through the nets) were also installed.

The hyperbenthic sledge was consistently towed at an average ship speed of
1.5 knot relative to the sea floor and against the current (except at the shelf break
sites). Towing duration was standardized to 5 minutes, yet for certain campaigns
asking high sampling effort (Bay of Biscay, Dogger Bank) or when catches were
poor (Frisian front in April 1996), sampling duration was doubled to 10 minutes.

No replicate sampling was performed. Replicability of hyperbenthic sledges
was tested by different authors (Hesthagen & Gjermunsen 1978; Schnack 1978;
Brattegard & Fossa 1991) concluding that samples are highly representative as long
as towing distance is adequate.

Catch efficiency of sledges remains largely unknown (Mees & Jones 1997).
Most sledges are at best semi-quantitative. The ability to capture all animals within
their sweep, might largely vary among taxa. As an example, mysids have been
observed to avoid capture by swimming in front of trawls (Lasenby & Sherman
1991). Therefore, no adjustments for net efficiency were made. Consequently, all
densities and biomass values should be considered as minimum estimates.

Standardized sampling for hyperbenthos is mostly carried out with 0.5 mm
mesh size nets (Mees & Jones 1997). Due to the strong currents and turbulent
conditions in the Belgian coast however, the 0.5 mm nets were regularly detached
during sampling. The additional high load of suspended matter in the area may have
resulted in reduced filter capacity. It was therefore decided on to only examine the
samples derived from the 1 mm net, being acceptable in such cases (Mees & Jones
1997).

In literature, hyperbenthic densities are generally expressed in surface or
volume, relating to the intermediate position between the water column (volume
unit) and the bottom environment (surface unit). Densities in this study are expressed
per 100 m? for the fauna of the Dogger Bank, the Frisian front, and the shelf break /
continental slope, since most fauna was restricted to the bottom (i.e. caught with the
lower nets of the sledge). This was not as such for the Belgian coast fauna however.
This area is characterised by strong tidal variations in current strength in space as
well as in time; it was believed to be more accurate to express densities per volume
unit. Still, both the trawling distance as the volume of water filtered through the nets
is included in the appended digital database, allowing conversion from one unit into
the other (see Appendix 2).
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Dogger Bank

Chapter 1. The hyperbenthos of the Dogger Bank (North
Sea)

Ann Dewicke, Jan Mees & Magda Vincx

Summary

Despite intensive research carried out on the North Sea, the hyperbenthos (the fauna
living in the near-bottom water layer) has rarely been examined. This study therefore
aims to describe the hyperbenthic community structure of the Dogger Bank - an
offshore North Sea area - along a south-to-north transect, covering water masses on
the most shallow part of the sandbank itself and from its deeper surroundings. Nine
stations were sampled with a sledge in August 1994. The hyperbenthal zone (the
lower 100 cm above the sea floor) was shown to harbour a diverse and characteristic
fauna. A total of 158 species was caught, belonging to at least 28 orders. Amphipods
and mysids were the most abundant taxa.

The total density of the holohyperbenthos (small animals occurrmg as adults
in the hyperbenthal zone) ranged from 47 to 3681 ind. 100 m * and peaked in the
deepest areas. Highly motile species such as the mysids Schzstomyszs ornata and
Erythrops elegans reached highest densities on muddy substrata, supposedly due to a
benefit in food supply. These species dominated the community both to the north as
well as to the south of the Dogger Bank, together with a number of detritivorous
amphipods and cumaceans. North of the Dogger Bank, the fauna was much more
diverse and species composition differed drastically, mainly due to the appearance of
boreal species.

Merohyperbenthic species (mainly larval decapods and postlarval fish)
attained prominent density peaks (maximum of 1350 ind. 100 m" %) at the northern
shallow part of the Dogger Bank itself, except for postlarval Caridea. Brachyura
larvae were the most abundant. This increase in density coincided with a drop in
surface temperature and salinity, presumably due to the intrusion of a water mass
from coastal origin. A possible relationship between the observed pattern in
community structure of the hyperbenthos and the summer tidal mixing front
occurring in the area, is discussed.
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Fig. 1. Study area and position of sampling sites along the transect across the Dogger Bank.

Site do1 do2 do3 do4 do5 do6 do7 do8 do9
Longitude E 2°35C gy e 208 T 22700 1° 54' 1° 47 18135! 1515
Latitude N 54° 09' 54°16' 54°28' 54°35' 54°43' 54°49' 54°55' 55°12' 55°22
Distance from do1 (km) 0 12 35 47 61 71 81 143 130
Distance trawled (m) 410 408 446 © 292 388 407 395 362 341
Volume filtered (m®) 154 153 168 162 159 134 139 117 98
Depth (m) 58 27 15 20 oF 28 26 37 70
Surface temperature (°C) 16.87 16.62 16.57 16.6 16.25 16.03 1583 14.66 15.26
Surface salinity (psu) 3479 3476 3475 3475 34.7 3467 34.58 345 34.65
Median grain size (um) 97 201 177 331 217 170 188 204 185
Mud (%) 243 2.1 0.0 1.3 41 3.9 0.0 0.0 211
Very fine sand (%) 50.1 5.2 12.1 4.1 14.0 12.5 8.9 3.8 157
Fine sand (%) 19.7 69.0 722 26.6 38.7 73.1 71.8 71.4 26.3
Medium sand (%) 43 229 14.9 38.7 27.0 10.3 18.6 229 32.8
Coarse sand (%) 1.6 0.7 0.8 293 16.2 0.2 0.7 1.8 4.1

Table 1. Geographical coordinates and values of the measured environmental variables for each site.
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Dogger Bank

Introduction

The Dogger Bank is a shallow region in the southern central North Sea and used to
be dry land during the last glaciation (8000 years ago). This shallow area now
extends over 300 km with a depth between 18 and 40 m. Kréncke & Knust (1995)
reviewed the current knowledge about the Dogger Bank and emphasized the special
ecological character of the region. The biology of this shallow system is in many
ways quite different from other North Sea areas, such as the nearly continuous
phytoplankton production throughout the year, connected with a low periodicity in
macrofaunal abundance. Additionally, the Dogger Bank seems to be affected by
eutrophication and pollution levels that are exceptional for offshore regions (Kroncke
& Knust 1995).

The hydrography of the area is characterized by a complex regime of currents
and eddies, forced by the counter clockwise residual currents of the North Sea
(Kroncke & Knust 1995). During summer, the Dogger Bank is influenced by mixed
water masses from the south (through the Channel) and by stratified water masses
from the north, both meeting and mixing in this area (Nielsen er al. 1993; Bo
Pedersen 1994). At the boundary between well mixed and stratified waters, bottom
fronts develop off the Dogger Bank as a part of an extended frontal zone running
from west to east across the North Sea (i.e. the North Sea tidal mixing front)
(Simpson ef al. 1978; Bowers & Simpson 1987; van Aken et al. 1987; Bo Pedersen
1994; Tett & Walne 1995). These fronts enhan<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>