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INTRODUCTION

The year 2002 has been a turbulent year in terms of science and building activities but also
financially and socially.

Virtually all year long most of our personnel suffered significantly from the activities
associated with the building of ca. 3000 m? laboratories, offices, storerooms and the canteen
going on above their heads. There was a lot of noise, dust and dirt and every now and then
no electricity, water or other facilities. A sigh of relief was noticed when most of the builders
left the main building at the end of November. The members of several scientific and sup-
porting departments as well as the personnel of Alterra started to move in and were
installing themselves in the new offices and laboratories at the very end of the year. The
major renovation of the large Experimental Facility Building went on all year and will be
finished and ready for use again early next year. Furthermore, preparations have been made
for a second phase of new building of offices for the technical departments, a facility to store
formaline preparations and the guest centre.

The RV Pelagia as well as the other research vessels have been cruising all year long to
facilitate the seagoing research of many Dutch and foreign marine research groups. The new
deep-sea winch has been installed and used throughout the year and has, as expected, oper-
ated very well. Since it is foreseen that the RV Pelagia will be fully- or even overbooked in
the years to come it was decided to extend the permanent crew considerably to prevent hir-
ing external crew members on a temporary base. This year the RV Pelagia became part of a
consortium of research vessels run by England, France, Germany and the Netherlands. This
participation will further improve the flexibility and quality of our national seagoing
research. Moreover, in July the RV Pelagia became ISM-certified, so that the quality of oper-
ation of the ship is garanteed even more than before. One of the old small ships operating
on the Wadden Sea was sold and replaced by a faster and more adequate ship, the Stern. The
new building of a modern fast ship, to be shared by Royal NIOZ and TNO, for transport and
research in the Wadden Sea and the coastal North Sea has been prepared in detail. If suffi-
cient funding is obtained that ship will be built next year.

The excellent seagoing facilities will also enable the execution of a major five-year scien-
tific program, LOCO (Long-Term Ocean Climate Observations). This program focuses on the
permanent and long-term observation of the variability of the worldwide Thermo Haline
Circulation (THC) at crucial locations, i.e. the Irminger Sea, the Mozambique channel and
the Indonesian Through-Flow by means of mooring and modelling activities by interna-
tional co-operation of the physical oceanographers of the University of Utrecht (IMAU), the
KNMI and Royal NIOZ with physical oceanographic research groups of many other coun-
tries. Funding for this program was obtained through NWO (NWO-groot). At a later stage
chemical and biological sensors will be installed on the mooring devices to monitor long-
term changes in the chemistry and (micro)biology as well.

A major successful effort was undertaken by Helmut Thomas and many coworkers over
the last two years as part of the NEBROC program. For the first time a detailed study was
performed to find out whether a coastal sea like the North Sea is a source or a sink for CO,.
Four major expeditions during four subsequent seasons took place and thousands of water
samples were analyzed. The intriguing results are mentioned in this annual report.

Although the tenure staff of Royal NIOZ decreased once again as a consequence of the
financial status the total number of tenure and temporal scientists remained at the same
level due to the successful submissions of proposals to several funding agencies. As a result
the total number of articles in peer-reviewed journals, including Nature and Science
increased as well as the number of theses.

To improve the financial situation of Royal NIOZ the NIOZ Board and directory have
spent considerable time and energy in discussions with NWO and others. Several docu-
ments have been prepared highlighting the historical cause of the financial problems as well
as the required budgets for 2003 and the years thereafter. Apart from the funding for science
and seagoing facilities the high costs required for the working environment and labour con-
ditions, for safety and security as a consequence of Dutch legislation have been emphasized.
It is foreseen that the General Board of NWO will take a final decision on these matters
early 2003.

Early this year a major farewell party was organized for ca. 30 coworkers who left or were
about to leave Royal NIOZ as a consequence of our early-retirement arrangement set up in
2000. The atmosphere at that party was very good and all participants enjoyed several
cabaret performances of NIOZ coworkers and a professional, the dinner, as well as many
shared sweet memories.
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November 6 and the days and weeks thereafter
Royal NIOZ was in a shock; Wim van Raaphorst,
the department head of the Department of Marine
Chemistry and Geology, was hit by a car while
biking home in terribly bad weather and died
shortly afterwards in the hospital in Den Helder,
leaving behind his wife and three young chil-
dren. Wim was not only an excellent scientist
with a very broad multidisciplinary view of
marine sciences but also a dedicated Department
head and a very sympathetic person with many
good friends in and outside Royal NIOZ. One of
his last activities was leading the preparation of a
new Science Plan for the next 5 to 10 years for
Royal NIOZ. His ideas and thoughts will cer-
tainly impact our science in the years to come.

I have the wish to end this introduction of our

annual report 2002 by expressing my hope that Royal NIOZ as well as other scientific insti-
tutions in the Netherlands will be able to maintain the high quality of their research, despite
the continuous and nation-wide loss of quality in basic and high school education, in man-
agement of enterprises and in politics and despite the ever decreasing funding for science.

Jan W. de Leeuw
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THE NORTH SEA REVISITED

NIOZ has a long tradition in North Sea research, especially from sea-going expeditions.
These expeditions became frequent after the R/V Aurelia was bought in 1972. A large
impulse for North Sea research occurred immediately after the R/V Pelagia came into serv-
ice, in 1991. This 67 m long, well-equipped ship is still NIOZ’ pride. Recently, an intensifica-
tion of North Sea research was noticed with five large programmes involving scientists of all
NIOZ departments. On the next pages you will find summaries of these projects that are
briefly introduced below. They cover many different aspects of marine research.

During PROVESS (for meaning of acronyms see individual paragraphs), the vertical
exchange (mixing processes) in the water column was studied at sites in the northern and
southern North Sea with and without stratification, respectively. The study intended to
determine the impact of mixing on nutrient distribution and, thus, on (primary) production.
New insights on water mass and nutrient dynamics mainly due to horizontal transport were
obtained during the extensive Plume & Bloom campaign in the Frisian Front area. The
Frisian Front is an area of enhanced phytoplankton just north of the Netherlands and sub-
ject of NIOZ-studies for over three decades. In the same area, the impact of nutrient dynam-
ics on secondary production of benthic fauna (bivalves) was studied during BIVALFF.
Surprisingly, for some bivalve species larger growth rates were found in sandy sediments
than in the cohesive sediments at the Frisian Front. This associated well with novel insight
on benthic mineralisation, as obtained during EMIR. This study revealed mineralisation
rates in sandy sediments comparable to those in organic rich cohesive sediments. The inte-
grated effects of the above subjects accumulated in CANOBA, in which the net balance of
CO,-fixation and mineralisation was studied in association with different vertical mixing
regimes through the entire North Sea. It was shown that the North Sea is an overall sink for
atmospheric CO,, but that large seasonal differences occur between the shallow southern
and the deep northern North Sea. These differences were attributed to the seasonal stratifi-
cation, large in deeper parts and not existent in the shallow parts...

The effort of NIOZ scientists and technicians covering these programmes was large, to
which many colleagues from other (domestic and foreign) institutes contributed.

Crew and participants EMIR, summer 2002 (photo: Erik Epping).
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PROCESSES OF VERTICAL EXCHANGE IN SHELF SEAS (PROVESS)
Contributors: H. van Haren, J. Gemmrich

PROVESS is an EC-MAS3 programme with 18 partner institutes contributing between March
1998 and May 2001. Main results were published in 2002 in two special issues of the Journal of
Sea Research (Vol. 47, 3-4 and Vol. 48, 4). The programme was centred for two contrasting sites
in the North Sea on measuring and modelling vertical turbulent exchange and their effects on
particles, zooplankton and nutrient cycling, particularly the relative importance of cycling in
the water column, the sea bed fluff layer and the sediments. Turbulence activity was weaker at
the northern site, which stratified in summer, and where measurements were taken during the
start of the autumnal breakdown of stratification. The southern site was much more dynamic
both in terms of turbulence and of particles. The site was close to the Dutch coast and was
well-mixed throughout the year, except for the intermittent influence of the Rhine plume. The
study contributes towards the long-term goal of developing robust water column plankton
models applicable in the full range of turbulence environments encountered in continental shelf
seas. The NIOZ contribution consisted of high-frequency current and temperature measure-
ments and the deployment of moorings from the R/V Pelagia.
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At the southern site, velocity and temperature measurements were used to evaluate the pro-
duction of internal wave band kinetic energy (KE). Maximum production occurred in the near-
bottom and the near-surface layers. A distinct mid-depth maximum in KE production occurred
during a period when wind speeds exceeded 10 m sTand significant wave height ~2 m. This
suggested a direct energy input from the wind via surface waves into the water column turbu-
lence. The overall magnitude of internal wave band kinetic energy production agreed well with
independent dissipation estimates obtained from microstructure profilers.

At the northern site, strong stratification was reduced primarily by atmospheric induced
mixing, albeit through erosion without exchange between well-mixed surface and bottom
boundary layers. However, observations from moored instruments showed that a sudden
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enhanced exchange of nutrients from the light-limited, nutrient-rich deep layer into the nutri-
ent-depleted near-surface layer occurred indirectly when inertial shear was largest, across the
stratification (Fig. 1). Inertial motions (and shear) are generated after the passage of atmos-
pheric disturbances due to the rotation of the Earth. Surprisingly, detailed observations
revealed also the opposite of a sudden decrease of inertial motions following a storm. This
resulted in a very thin pycnocline, which supported large internal waves that eventually
caused mixing (Fig.2).
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Fig. 2. Details of autumnal
shear and stratification
observed in the northern
North Sea.
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PLUME & BLOOM: WATER MASS PATTERNS AND NUTRIENT DYNAMICS IN THE CENTRAL PART OF THE

SOUTHERN BIGHT

Fig. 3. Turbidity (left) and
salinity (right) during Plume
& Bloom 2, 11 - 21
September 2000 (R/V
Pelagia). Turbidity meas-
urements at a depth of 15
m by OBS sensor
(Formazin Turbidity Units)
on the CTD Rosette, at
stations spaced 7.5 nm in
north-south direction.
Salinity continuously meas-
ured by Aquaflow pump
system (4 m depth). In the
salinity map the CTD sta-
tions of the standard cen-
tral section along 3° 30' E
are depicted.

54.007 ] River
N Bl Plure
53.80 D
53.60
Fig. 4. North-south positions of the borders of the 'river' of English Coastal Water 53.401 I
(blue) and of the East Anglian Silt Plume (brown), along 3° 30" E. The salinity of
the 'river' was defined as < 34.25. Arbitrary borders of the Plume from OBS-CTD 53.20-1
stations (Sept. 2000) or from continuous readings by OBS sensor in the Aquaflow
system (June 2001, Aug. 2002, Dec. 2002). 53.00- 15(%?( 1zzélaqe 22&‘129 0(230%32(:

Contributors: M. Baars, S. Oosterhuis, B. Kuipers

The seasonal pattern of the dynamics of plankton, from viruses up to and including zooplank-
ton, was mapped in the offshore area of the southern North Sea during the NWO/ALW pro-
gram Plume & Bloom, with six cruises in the years 2000-2002. The study area comprised the
East Anglian Silt Plume, consisting of eroded cliff material, and downstream the Frisian Front,
the slope where the Plume (temporarily) sinks out. Main objectives of these cruises were stud-
ies of processes in conditions of different turbidity: varying from growth yields of viral and
bacterioplankton, the grazing efficiency of protists, the effects of light- and nutrient-limitation
on the phytoplankton composition and dynamics, and the role of non-phytoplankton food for
zooplankton. The data collected will represent a major contribution to our knowledge of the
carbon flow in the planktonic compartment of the offshore, non-stratified water column of the
Southern Bight.

An unexpected discovery was that the productivity of this part of the North Sea is not only
largely influenced by the turbidity associated with the East Anglian Silt Plume but also by rem-
nants of UK rivers. The Silt Plume hides a ‘river’ of English Coastal Water with lower salinity
(about 34), originating mainly from the Humber and the Thames. The ‘river’ is bordered by
Central North Sea Water (salinity > 34.5) in the northwest and by Channel Water (salinity about
35) in the southeast, and extends well into the area of the Frisan Front (Fig. 3). The tongue of
Channel Water forms generally a clear separation between the English Coastal Water and the
Continental Coastal Water (< 34), up to 4° 30" E or beyond.
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This water mass pattern is very robust. A central north-south section along 3° 30’ East was
surveyed regularly by R/V Mitra (Rijkswaterstaat) and R/V Pelagia (NIOZ), in addition to the
Plume & Bloom cruises, and the ‘river’ of English Coastal Water was recognized in all surveys,
15 in total, that were made. Storms did not mix the water masses, but merely shifted the posi-
tions. The ‘river’ of English Coastal Water and the tongue of Channel Water responded faster to
strong winds than the suspended matter of the Silt Plume. Consequently, there was a large vari-
ation in the mutual position of ‘river’ and Plume (Fig. 4), but generally the ‘river’ was situated
at the northern side of the Plume due to the predominance of southwestern winds. Along 3° 30’
East, the Plume had an average width of circa 40 km in north-south direction, whereas the
‘river’ was usually more narrow, with a mean width of only 25 km.

NORTH SEA
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Fig. 5. Seasonal pattern July 2000 - June 2001 of turbidity (upper panel), nitrate, ammo-
nia and chlorophyll (lower panel) along 3° 30' East for the tongue of Channel Water
2 (open symbols) and the 'river' of English Coastal Water (closed symbols).

N/P ratios and nutrient concentrations in the ‘river' of English Coastal water during 47 Ammonia
June — December. Data from Plume & Bloom cruises grouped in seasonal order.

Tablell-" N/ Piratiosiin/differentwater masses along 3" 30'E

Jan Feb Mar/Apr May June July Aug Sept Oct/Nov Dec

Central NSW 13 11

River ECW 19 19

Channel W 16 19

2 River ECW

ChanneMWater

Total Particula

Winter nitrate values in the ‘river’ were twiceas ~ _
high as in the adjacent water masses. The turbidity =~ g1
in the Silt Plume did not prevent a spring bloom
and nutrients in the ‘river’ were depleted in early s
May, one month later than in the tongue of
Channel Water (Fig. 5). Thereafter, however, both
nitrate and ammonia in the ‘river’ became rela- 137 Nitrate
tively high again. AN/P ratio > 25 suggested that
P-limitation was responsible for this ‘preservation’ o
(Table 1). The occurrence of diatoms along the
northern rim of the ‘river” in summer could be due
to mixing with the adjacent Central North Sea
Water, that was N-limited (N/P < 5).

Table 1.

uM

HM

nd 6 3 5 3 2 10 11

oA
21 10 55 27 5} 13 14 17

87 Chlorophylia
2 4 17 6 8 5 13 17

Fig. 6. Cartoon of the posi-
tion of Plume (brown) and
'river’ (blue) in different wind
conditions. The brown
ellipse denotes the bottom
“Frisian Front".

Similar phenomena along the ‘nitrate river’ may 2
occur downstream at the Frisian Front. Here a
large part of the spring (and later) blooms mineral-
izes, and the sediment-water fluxes of nutrients
could supplement phosphate and silicate. The diy Aug Sepl' Od Nov Dec. lan Feb March Aprl May June
occurrence of summer/autumn blooms near the
Frisian Front seems to depend on the position of the ‘river’ and the light conditions. Above the
mud-rich slope zone, turbidity was generally high, due to tidal resuspension. With strong SW
winds, the ‘river’ ended well north in the Oyster Ground, where water column depth was too
large to give dense blooms. With strong NW winds, the ‘river’ was pushed on the upper slope
and the shallow sands (Fig. 6). This could explain ‘green curtains’ of diatoms, as observed in
the past (1982, 1990, 1997) just south of the Frisian Front .

a SWwinds “NW winds

\/\40m
-

Some existing nutrient data sets by earlier cruise programs in the Southern Bight are cur-
rently re-analyzed. Though station grids were coarser than during ‘Plume & Bloom’, some
maps of 1961/1962 nutrient data remarkably show the presence of the ‘river’ (Fig. 7). These
maps were published before eutrophication became an important topic, and it is noteworthy
that it lasted nearly 40 years before this cross border phenomenon was rediscovered. Moreover,
the current 2000-2002 data from a finer station grid have shown that the north-easterly orien-
tated tongue of English Coastal Water is a persistent feature, due to the direction of the residual

NORTH SEA



current in the present average wind conditions. Remarkably, a simulation study of the spread
of water from various river inflows in the Southern Bight already depicted a clear tongue of
Humber and Thames water across the North Sea all the way up to offshore Jutland (De Ruijter,
Postma & De Kok, 1987; ‘Transport Atlas of the southern North Sea’, Rijkswaterstaat, The
Hague / Delft Hydraulics). A new extensive simulation model is warranted, driven by actual
weather conditions, with a high resolution and with sophisticated submodels for the transport
and dynamics of inorganic and organic matter. Field studies need to quantify the oxidation of
organic aggregates through repeated cycles of deposition-resuspension during lateral transport.
The 2000-2002 observations have shown that the transport route in this part of the North Sea is
an excellent playground for understanding the processes involved.

Fig. 7. Phosphate surface distribution during 'May-
June', but for the Southern Bight actually based on
one cruise by R/V Clione during late April (26 April - 2
May 1962). Stations were spaced 20 miles. Note the
tongue of > 0.4 mg/l (> 0.4 uM; shaded area) extend-
ing to the northeast. (Adapted from Plate 2, R.
Johnston & P.G.W. Jones, 1965; 'Inorganic nutrients
in the North Sea', Serial Atlas of the Marine
Environment, Folio 11, American Geographical
Society).

NORTH SEA
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POPULATION DYNAMICS OF LARGE BIVALVES IN OFFSHORE SOUTHERN NORTH SEA (BIVALFF)

=
o

Contributors: G. Duineveld, M. Bergman, R. Witbaard, T. Amaro

The frequent disturbance of the seabed in the southern North Sea by beam trawl fishery has
created concern about degradation and impoverishment of the benthic habitat. From programs
like the EU-funded IMPACT, which yielded actual data on benthos mortality due to fishing, it
became evident that large bivalves form one of the most vulnerable taxa. Apart from their role
in the benthic food chain, bivalves are archives of environmental change in the form of their
growth rings. Being relatively long-lived organisms with distinct preferences for a set of envi-
ronmental conditions, bivalves are frequently mentioned in the context of conservation of the
southern North Sea biodiversity as Ecological Quality Objectives.

Having the disposal of the NIOZ-built Triple-D dredge we made an effort to upgrade the
scanty knowledge of offshore bivalve populations. During the BIVALFF program we studied
three dominant species (Chamelea gallina, Arctica islandica and Mya truncata) living in the
southern North Sea and particularly in the Frisian Front area. The latter location was chosen
because of the locally sharp gradient in environmental factors allowing a study of their effect
on bivalve distribution and performance. Moreover, the Frisian Front benthic fauna has seem-
ingly undergone some dramatic changes in the past 20 years, which we attempted to trace

through skeletal growth records.
The venus shell Chamelea gallina is the smallest of the 3 species studied and

Vv
©
©
|

Growth rate mm v

the one with the lowest maximum age (~ 25y). It occurs throughout the Southern
North Sea showing no particular sediment preference. In contrast, growth rates of
Chamelea gallina appear to be significantly lower in fine sediments with a high
silt content like those at the Frisian Front (Fig. 8). Examination of the potential
food supply of interface feeders like C. gallina using a near-bed sediment trap
showed that the load of organic particles at the Frisian Front is diluted by resus-
pended silt lowering the nutritional quality. In the Southern Bight south of the
Frisian Front, only the fluffy freshly deposited organic matter is resuspended by
tidal currents thereby offering periodically a high quality food source. The higher
growth rates in the Southern Bight could add to a greater potential for recovery if

Fig. 8. Relation between
shell growth rate of
Chamelea gallina in the
southern North Sea and
the median grainsize of the
sediment.
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at least age of first reproduction and reproductive output are size dependent.
The second species, Arctica islandica, is the largest and reaches highest maxi-
mum age (> 100 y). Its distribution in the southern North Sea appears confined to
the northern part viz. the Frisian Front and the Oyster Ground where silty sedi-
ment prevails (Fig. 9). As with Chamela gallina, annual shell growth of A. islandica is nega-
tively affected by high silt content of the sediment. A typical feature of the Arctica population
in the southern North Sea is the dominance of adults or the near absence of juveniles < 50 mm

Fig. 9. Distribution of Arctica islandica in the
North Sea.

NORTH SEA
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in size (Fig. 10). Arctica populations living elsewhere (Baltic, northern North Sea) have much
higher proportions of juveniles. Causes for the failing recruitment could be more than one: a
too low adult density for successful fertilization and or fishing mortality among spat and juve-
niles. Whatever the causes, sustainability of the A. islandica population in the southern North
Sea seem questionable given the present composition of the stock.

The distribution of Mya truncata in the southern North Sea was found to overlap with that
of Arctica islandica. Being both species with circumboreal and arctic distributions, M. truncata
and A. islandica probably meet their maximum temperature limit at the southern border of the
Opyster Ground. Likewise as A. islandica, the M. truncata population in the southern North Sea
entirely consists of adults. Ripe gonads were found in late winter-early spring but this does not
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imply successful fertilization taken their low density. Internal growth rings in shell cross sec-
tion of M. truncata (Fig. 11) revealed a maximum age of ~40 y. The lifespan of M. truncata made
it a candidate species for tracing a shift in food regime being one of the explanations for the
change in benthic fauna at the Frisian Front in the early 1990’s. Analyses of M. truncata growth
records (Fig. 12) did not yield convincing evidence for such a regime shift though large unex-
plained variations in growth rates were noted.

Our field studies have shown that prospects for at least 2 of 3 species look bad. Successful
conservation of these long-lived fragile organisms in the North Sea e.g. in areas closed for fish-
ery, may already be dependent on the supply of pelagic larvae from elsewhere. Stating this, we
identify a missing link in our knowledge on population dynamics of North Sea benthos namely
lack of data on occurrence, production, and source of pelagic larvae. Deployment next years of
the new NIOZ-built ALTRAP lander that is specifically designed for long term quantitative
sampling of meroplankton, will help to resolve this issue.

NORTH SEA
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ENHANCED MINERALISATION RATES IN SANDY SEDIMENTS (EMIR)
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Contributors: E. Epping and W. van Raaphorst

Sediments of shallow coastal seas may be subject to resuspension/deposition cycles due to
wave action and tidal currents. The prevailing hydrodynamics result in a selective removal of
fine sediment, leaving a sorted, relatively coarse-grained sediment. In contrast to cohesive sedi-
ments, the interstitial voids of permeable sandy sediments allow for advective transport of
water and particles in response to an external pressure field, generated by e.g. surface waves
and horizontal flow over topographic structures such as ripples and biogenic mounds and
troughs. Permeability in turn, is a sediment property related to grainsize distribution, pore-vol-
ume and —geometry, and is a measure for the resistance of bulk sediment to interstitial flow by
pressure differences.

The present view on the biogeochemistry of sandy sediments is biased by the idea that large
contents of sedimentary organic carbon are required to drive large fluxes. Large fluxes, how-
ever, can also be sustained by relatively small concentration gradients in combination with high
transport rates. Resuspension - deposition cycles favor solid-solute exchange, whereas pore
water advection and dispersion may exceed diffusive transport provided that permeability is

sufficiently large and pressure gradients are generated. Thus, in perme-
able sands fluxes of reactants can be large while keeping standing stocks
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low.

Due to methodological constraints, our knowledge of the biogeochem-
istry and physico-chemical processes in sands is meager, particularly
regarding actual field data. It was the aim of the EMIR project to con-
tribute to the filling-in of this gap by 1) unambiguously demonstrating the
importance of advective transport in sandy pore waters, and 2) providing
detailed data on carbon mineralization rates in sandy sediments. It was
our hypothesis that the efficient transports of substrates and reactants
enhance the mineralization rates of organic carbon in permeable sandy
sediments. Sands are the dominant type of sediments in the southern
North Sea, a shallow and highly productive area where considerable
amounts of organic carbon could reach the sediments and be mineralised
there. These sediments are subject to active resuspension and even erosion
that prohibit the longer-term deposition of solids, making this area excel-
lently suited to test our hypothesis.

Data from two EMIR cruises showed a clear increase in median grain-
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Front. From the inventory of organic carbon and the depth integrated carbon mineralisation
rates, first order carbon decay constants have been estimated, showing values of 0.1 yr'1 for the
-Frisian Front, exponentially increasing to values of 1 yr'1 in the southern area. According to the
age-reactivity relationship for organic carbon decay, the corresponding average age of these
carbon pools are 1.5 yr and ~50 days, respectively. Evidence in support of the recent input of
organic matter in sediments from the Broad Fourteens is provided by 234Th isotope inventories.
These profiles show that fine particles, including organic carbon, are transported downward >6
cm into the sediment (Fig. 14) on a characteristic time scale of ~100 days, presumably by mov-
ing ripples and advection. In addition, in situ oxygen microprofiles along a cross-ripple transect
unequivocally demonstrated the upper sediment to be physically irrigated, in support of the
idea of enhanced sediment-water exchange (Fig. 15).

The emerging view from this study is that the carbon mineralisation rates and the recycling
of nutrients per unit area of permeable, sandy sediments, are at least as high as for cohesive,
organic rich depositional areas. Given the fact that on a global basis about 70% of continental
shelves is covered by relict sands, these sediments make a much larger contribution to (global)
element cycling then supposed hitherto.
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CANOBA (CARBON AND NUTRIENT CYCLING IN THE NORTH SEA AND THE BALTIC SEA)*
Contributors: H. Thomas, Y. Bozec, K. Elkalay and H. de Baar

During the last two years an international carbon cycle program has been established for the
North Sea with participants from the Netherlands, Belgium and Germany and major funding
by the Dutch Organisation for Scientific Research (NWO). The aim of the study has been to
assess simultaneously all relevant parameters of the carbon and nutrient cycle during all four
seasons covering a dense 97 stations grid across the entire North Sea. The cruises were carried
out in August/September 2001 (summer), November 2001 (autumn), February/March 2002
(winter) and May 2002 (spring).

First results of the partial pressure difference between the atmosphere and the sea surface
(ApCO,) indicate the North Sea as an overall sink for atmospheric CO, (Fig. 16). During the
summer, a clear distinction between the shallower, well-mixed southern part of the North Sea
and the deeper, stratified northern part is evident from the ApCO, distribution. In the northern
part the surface waters are undersaturated with respect to CO, as a consequence of biological
CO, drawdown and export of organic matter to the deeper layers. In contrast, the southern part
does not allow the escape of organic matter to any deeper layer. The remineralisation thus
occurs in the euphotic zone and counteracts the CO, drawdown. As a result no net CO, draw-
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Fig. 16: ApCO, distribution observed in the North Sea during all four seasons: a) summer, b) autumn, c)
winter and d) spring.
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down is possible and the warming of the surface waters during summer increase the pCO,.
During autumn and winter the surface system heads toward equilibration and only slight
super- or undersaturation is visible in February. During spring, which is the time of highest pri-
mary productivity the entire North Sea is strongly undersaturated because of the strong CO,
uptake by biological activity (Fig. 16).

The NO3 /, and DIC profiles (Fig. 17) from a central station of the North Sea clearly indicate
the seasonal cycle. The wintry mixed layer shows the higher and homogeneous concentrations
of DIC. The onset of the spring bloom then starts to decrease the DIC in the surface waters. The
export of organic matter to the deeper layers with subsequent remineralisation increases the
DIC. Lowest DIC concentrations in the surface waters and highest DIC concentrations in the
subsurface waters are observed during summer, when both processes, surface layer production
and subsurface remineralisation show the highest extent. During autumn the water column is
homogenised by the deepening of the mixed layer until the winter situation is reached again.
From the first view, the sum of nitrate and nitrite (NOj /) shows a similar behaviour. However,
NO;,; is depleted in the surface layer during spring and summer and does not show any
enrichment in the subsurface layer. These observations point to a strong decoupling of carbon
and nitrogen cycles. The data evaluation will employ both field observations and ecosystem
modelling results. The modelling is partially funded through the Dutch LOICZ.
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*CANOBA was intended to be an European initiative investigating carbon and nutrient cycles of the North
Sea and the Baltic Sea jointly. The present CANOBA currently realises this aim for the North Sea as an
international effort and the corresponding counterpart for the Baltic Sea is being set-up just now.
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DEPARTMENT OF PHYSICAL OCEANOGRAPHY

Scientific efforts within the department of Physical Oceanography (FYS) are organized
under the following main themes:

1. Ocean circulation and hydrography

2. Processes near continental slopes, internal waves and mixing

3. Tidal and morphodynamics of coastal zones

Within the first theme ocean research with a significant seagoing component is performed. It
has a strong emphasis on subjects relevant to climate, and is mainly focused on large-scale
circulation and hydrography. Presently, research programmes are carried out in the frame-
work of the international programme CLIVAR.

In 2002 the focus was on the analysis of the data obtained during the MARE and ACSEX
programmes in the Southern Atlantic and South West Indian ocean. A large proposal for
investments in Long-term Ocean Climate Observations (LOCO) received funding in the
middle of 2002. This funding will be used to deploy long-term (5 years) sub-surface moor-
ings in different parts of the ocean as a follow-up on previous work in the North Atlantic
(Irminger Sea) and Indian Ocean (Mozambique Channel and Indonesian throughflow). The
preparation of these future activitities took much effort.

Under the second theme theoretical, laboratory and observational studies of the interaction
between internal waves in a stratified ocean and topographic features are performed. Results
from a PhD study combining these research methods are discussed in detail below. Both in
theoretical and laboratory experiments bands of high energy in the interior of the fluid
related to the presence of inertial wave attractors, were found. A similar analysis was per-
formed using data from long term current meters in the Mozambique Channel. It appeared
that the complexity of the real ocean combined with the strong temporal and spatial variabil-
ity of internal wave rays makes it is difficult to detect these features from relatively few long
term single point current meters. A seagoing study was performed in Rockall Channel to
study mixing by internal waves and the consequences for redistribution of fine sediments
near continental slopes.

The third theme consists of studies in the relatively shallow coastal zone using both field
and laboratory observations and theoretical modelling. A detailed analysis of ongoing ferry
observations on currents and suspended sediments in the Marsdiep inlet forms an important
part of this research programme. A PhD student and a PostDoc have been appointed to
study the transport of sand (PhD) and fine-grained sediments through the Marsdiep inlet
(PostDoc) in great detail. First analysis focussed on secondary circulation in the Marsdiep
inlet due to the curvature of the tidal channel. This secondary circulation causes a turning of
the near bottom tidal current which is reflected also in the propagation direction of sand
waves in the inlet (see below). A scale model of a tidal embayment was used to obtain
detailed laboratory observations on non-linear aspects of tidal motions in coastal embay-
ments.

Most of the studies are part of these departmental themes. Other activities like the applica-
tion of marine optics in oceanography, are mainly carried out in collaboration with other
departments and/or institutes (and often made possible by the availability of external
funds).

Apart from the scientific activities the department supports national seagoing research pro-
grammes with hydrographic observations, satellite data and overall data-management. For
these national tasks the Data Management Group acts as a separate group within the depart-
ment.
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WAVE PATTERNS DUE TO REFLECTION IN ENCLOSED ROTATING AND STRATIFIED FLUIDS

Contributors: Astrid M.M. Manders and Leo R.M. Maas

From a physical viewpoint the sea is a density stratified, rotating fluid. This allows for a wide
number of phenomena, ranging from global circulation to turbulence. A class of waves which
exist in stably stratified fluids are internal waves. They propagate entirely in the interior of the
fluid. The maximum amplitude is in the interior and the (free) surface hardly oscillates. The
most simple example is a cup filled with water and oil, where waves propagate along the inter-
face, but the free surface remains at rest.

For a fluid that has a stable density stratification, these waves are called internal gravity
waves, since buoyancy provides the restoring force. For these waves particle motion is essen-
tially two-dimensional. Solidly rotating fluids are stratified in angular momentum, with inertia
providing a restoring force.

Internal waves in a rotating fluid are therefore called inertial waves. Due to the Coriolis
force, particle motion is three-dimensional. Since internal gravity waves and inertial waves
have similar properties, for a fluid that is both rotating and density stratified, they combine into
an inertio-gravity wave. Such waves are widely observed on scales of tens of meters to kilome-
ters and with periods of minutes to one day.

An essential property of the internal waves is that their direction of propagation is purely
determined by the wave frequency and the strength of the stratification and/or the rotation
rate. For continuous stratification (no density jumps), the waves will propagate obliquely
through the fluid. When such a wave reflects, the reflected wave does not obey Snell’s law, but
retains its angle with respect to the direction of gravity/rotation axis, even at reflection at a
sloping wall. Therefore, in a two-dimensional cross section of a channel, repeated reflection in
an enclosed fluid will not lead to “chaotic’ but to structured patterns. Some of the structured
patterns are periodic orbits, to which all wave rays converge. They act as limit cycles and all
wave energy is concentrated around them. Therefore these cycles are called wave attractors.
This strong concentration of energy may induce nonlinear effects like wave-breaking resulting
in mixing of the fluid, in a rotating fluid eventually leading to the development of a net flow.

The type of equation that determines the spatial patterns of the monochromatic waves can-
not be solved for arbitrary basin shapes. Numerical methods must be used, unless severe sim-
plifications or restrictions are applied. In two dimensions one can construct solutions by
describing the paths of individual wave rays. This method was used to study the existence and
properties of wave attractors in a smooth basin. In three dimensions it is not possible to con-
struct a solution this way, but alternatives are lacking. Nevertheless, description of individual
rays can be used in determining the possibility of convergence towards an attractor. The forma-
tion of attractors in three dimensions has been verified in laboratory experiments. These experi-
ments were also used to study the horizontal structure of the wave pattern.

Do wave attractors occur for smooth basins?

Laboratory observations

It is natural to wonder what is special about the boundaries of a fluid domain, apart from hav-
ing a sloping part, to enable the formation of a two-dimensional wave attractor. Are corners
necessary, or some other singularity? To answer this, a special geometry was investigated, that
had completely smooth boundaries and that, depending on a parameter, varied between a cir-
cle (no attractors possible) and a symmetric triangle (where corners act as point attractors).
Wave rays with different slopes were traced numerically over a large number of reflections to
determine eventual convergence towards a wave attractor. For many combinations of parame-
ter values, limit cycles were found. If the whole parameter space is plotted, bands with attrac-
tors are found that narrow when the circle is approached and which are known as “Arnol’d
tongues’. When the triangle is approached the bands come closely together. In between the
bands with attractors, thin regions are present where wave rays do not converge, but are
shifted continuously, as well as thin regions with weak attractors of high period. Only for a sin-
gle value of the direction of propagation every wave ray closes exactly onto itself and a stand-
ing wave can exist. This is because an additional symmetry exists for this direction of propaga-
tion. In the rest of the parameter space, this symmetry did play a role in the exact ordering of
the tongues and their period (loosely speaking: number of reflections of the periodic orbit). The
tongues were bounded by slope values for which the periodic orbit degenerated into a line,
connecting critical points (points where the tangent to the bounary has the slope of the charac-
teristic) or where two coexisting attractors merged into a single symmetric attractor.

Wave attractors and a standing wave were also investigated in the laboratory. A rectangular
tank was provided with a sloping side wall over the length of the tank to make focusing
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For a fixed frequency and a fixed stratification, an internal wave ray travels obliquely through the fluid with a
fixed angle 6 with respect to the vertical. This angle is conserved upon reflection. Reflection at a sloping
wall leads to (de)focusing. In an enclosed basin, net focusing leads to the appearance of a wave attractor
(left), where all wave energy accumulates. This is illustrated by the stream function. The flow is parallel to
its isolines, the strength is indicated by the accumulation of isolines. When focusing is balanced by defocus-
ing, a standing wave exists, for which all wave rays close onto themselves (right).
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Experimental observations (velocity) of a wave attractor (left) and a standing wave (right). The velocities of
for the standing wave are much smaller, the colour scale differs by a factor 2.

Red (blue) marks large (weak) velocities. Black solid line (left) gives location of attractor. Dashed line (right)
is just one of the many periodic wave paths.

towards a wave attractor possible. This tank was filled with tap water and small neutrally
buoyant particles to visualise the flow. The tank was placed on a rotating platform, of which the
rotation speed was modulated slightly to generate inertial waves with the rotation frequency.
By illuminating a thin sheet of fluid and recording the particle motion in time with a digital
camera, two-dimensional velocity fields could be obtained (Particle Image Velocimetry).
Measurements were repeated for different planes of observation, both in horizontal and in ver-
tical planes, and for different frequencies (different structures). Two sets of experiments have
been done. One in a large tank (107 cm wide, 500 cm long, 80 cm high), at the 13 m diameter
rotating platform of the Coriolis Laboratory in Grenoble, France, where six different frequen-
cies were investigated. The other in a much smaller tank (19 cm wide, 40 cm long, 19.5 cm high)
on a 1 m diameter tank at the Fluid Dynamics Laboratory of the Technical University of
Eindhoven. In this second set the horizontal structure could be observed better. For such a
three-dimensional tank, ray tracing still predicts the appearance of wave attractors, since due to
reflection and refraction at the sloping wall a wave that initially propagates in the horizontal
direction can be “stuck’ in the down-channel direction, when approaching a limit cycle. This is
not possible for standing wave modes. However, near the vertical front and end walls of the
*channel’ a wave attractor cannot exist, there is a limitation to the value of ray theory and the
experimental results must give insight.
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The real sea

Attractors were observed in both sets of experiments, as well as a standing wave. Patterns
observed in vertical planes appear to agree well with the theoretical prediction. In horizontal
planes the behaviour is quite different for the different frequencies. For the lowest frequency,
the wave rays are the steepest and they are tangent to the slope. They are attracted immediately
to the limit cycle and the attractor can be observed close to the vertical front wall. In the hori-
zontal direction the phase of the particle motion propagates and the particle orbits are different
in different sections. The horizontal wave length seems related to the horizontal aspect ratio of
the tank. The “square’ attractor, which is non-degenerate, is not clearly visible near the front
wall, but is well observed around 1/4 and 3/4 of the length of the tank, and weakly or hardly
visible in the middle. Although there is phase propagation along the attractor in the vertical
planes, in the horizontal plane the attractor behaves like a standing wave with a nodal line at
1/2. The standing mode has relatively weak particle motion, i.e. about half of that of the attrac-
tors. It is hardly visible near the vertical walls, but it is more clearly visible towards the middle
of the tank in the Eindhoven-experiments, where it behaved like the most simple standing
wave mode in the horizontal direction, although in the vertical planes some phase propagation
was observed. In the Grenoble-experiments there was clear standing wave behaviour in the
vertical plane around 1/4 of the length The behaviour in the horizontal direction could not be
well observed.

Although internal tides (internal waves of tidal frequency) have been observed widely, the
observations often do not tell much about their spatial distribution. Simple attractors as
observed in the laboratory can hardly be expected, but it is worthwile to study their interaction
with topography to find regions of stronger wave activity and mixing areas. In the ACSEX-
project, an array of current meter moorings was deployed for 1.5 years in the Mozambique
channel. These moorings were primarily set out to study the large scale flow, but since the
Mozambique channel has steep topography and a reasonably strong tide, the measurements
were also used to look for internal tides. Due to the different ray paths of the internal waves of
different frequencies (M2,52,K1), a combination of these internal tides will give amplitudes and
phases that change with every location. Furthermore the ray paths change with changes in
stratification, which occurs with the passage of large eddies in the channel. The current meters
themselves change location during an eddy passage, since the strong flow causes considerable
tilting of the moorings. Therefore changes in phase and amplitude are expected. The current
meters were separated by several hundred meters in the vertical and tens of kilometers in the
horizontal, much larger than the internal wave scale. Therefore, a two dimensional numerical
model was used to predict the wave patterns and phases in the channel. This is currently used
for comparison to the observations, but the large separation scales seem to render the different
current meter results less conclusive with regards to the detection of wave focusing and attrac-
tors.

We conclude by stating that wave attractors, theoretically predicted for two dimensional con-
tainers, are observed to arise also in laboratory experiments in three dimensional containers.
Field experiments in the Mozambique Channel have been spatially undersampled and there-
fore remain inconclusive with respect to the occurrence of large scale wave attractors in the nat-
ural environment. This invites for a finer sampling strategy. This work is funded by the NWO-
NLS programme.
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DYNAMICS OF INTERNAL TIDES - RESULTS FROM PROCS

Result from the numerical
model: the amplitude of the
cross-slope internal-tide cur-
rent (in m/s) in a cross-sec-
tion of the Faeroe-Shetland
Channel; intensified currents
are seen along the upper part
of the slope, at the right-hand
(i.e. Shetland) side between
300 and 600m depth, in ac-
cordance with the observa-
tions.

Contributors: T. Gerkema, H. van Haren & L.R.M. Maas

Internal tides, and internal waves in general, create an “inner unrest’ in the ocean. Their genera-
tion takes place mainly within the upper layer of the ocean (the surface for wind-induced near-
inertial waves, and near the shelf-break for internal tides), but since the internal-wave energy
propagates not only horizontally but also vertically, they provide energy to the deeper regions
of the ocean as well. Here they act as agents for mixing (secret agents one would say, for the
precise mechanism is still to be disclosed), which, in turn, is essential to maintaining the large-
scale circulation.

Much is still unknown about the way the internal tides propagate through the ocean. For
example, recent NIOZ-work (theoretical and laboratory studies) revealed the hitherto unknown
phenomenon of internal-wave attractors: in (almost) closed basins the internal-wave energy
may become confined to a closed trajectory, due to repeated reflections at side-walls. This phe-
nomenon, if it were to exist in the ocean, would have very noticeable implications, not only for
physical processes like mixing, but also for related aspects like nutrient fluxes, nepheloid layers
etc. One of the principal motives behind the PROCS project was to investigate this in channel-
shaped basins, like the Faeroe-Shetland Channel and Rockall Trough.

The observations showed that in the Faeroe-Shetland Channel strong internal-tide currents
were present along the slopes, between 300 and 600m depth. A numerical internal-tide genera-
tion model was developed and used to further interpret these measurements. The model result,
involving both the lunar and solar semi-diurnal tides, indeed shows intensified currents in the
same region. Also, a complicated web of internal-tide trajectories can be identified; it appears
that multiple reflections within the channel do occur, but that fully developed attractors do not
arise here, because the wave-energy escapes onto the shelves. It was also found that the phase
of spring-neap cycles, in the internal tide, is very sensitive to variations in the background con-
ditions, like the stratification; this provides a possible clue to the occurrence of intermittency,
and implies a large degree of unpredictability. The same model was applied to the Bay of
Biscay, where the dynamics is simpler in that the oceanward propagating tides do not
encounter “side-walls’, and hence do not return. In the model, the downward propagating
beam, which is known from observations, is well reproduced. In its later evolution, when the
beam, after its reflection at the bottom, propagates upward and encounters the thermocline,
high-frequency large-amplitude waves can be generated, so-called internal solitary waves. The
study in this project has led to an explanation of this phenomenon in terms of scattering; and it
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was shown that it will not take place if the thermocline is weak (Bay of Biscay, during winter),
or very strong (tropical regions). The analysis of these processes has thus provided a new
insight into how the internal-wave energy, which is initially concentrated around the near-iner-
tial and tidal frequencies, can be transferred to higher frequencies, and thus help “fill’ the inter-
nal-wave spectrum.
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SECONDARY FLOW DUE TO CURVATURE IN THE MARSDIEP INLET

Contributors: Maarten Buijsman & Herman Ridderinkhof

Acoustic Doppler Current Profiler (ADCP) data collected with the TESO (Texels Eigen
Stoomboot Onderneming) Ferry “Schulpengat” reveals strong secondary flow. Secondary flow
is the deviation of the depth-averaged main flow, as caused by the effects of curvature and
Coriolis acceleration. These effects cause the horizontal velocity vector to rotate over the verti-
cal. This is clearly illustrated in the figure. The figure shows the current component perpendi-
cular to the depth-averaged current at maximum flood (flowing into the plane of the figure)
during one ferry crossing. The ADCP is mounted underneath the ferry at 4.3 m below the water
surface. In these observations, the secondary flow is mainly caused by the cyclonic (counter
clockwise) curvature of the main flow. The curvature forces the near-surface flow outward
(towards Den Helder) and the near-bottom flow inward (towards Texel). Maximum secondary
velocities of approximately 0.2 m/s occur between 3 and 3.5 km, coinciding with maximum
flood current velocities of approximately 1.6 m/s. Secondary flow may be important for the for-
mation and migration of large sand dunes in the Marsdiep inlet. These dunes have a wave-
length of O(100 m), an amplitude of O(1 m), and a migration speed of O(25 m/yr) in northeast-
ern direction. The observed migration directions of these dunes are similar to the directions of
the primary axes of long-term time series of the flow near the bottom.
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THE TIDAL HELMHOLTZ RESONATOR
Contributors: G. Terra & L.R.M. Maas

Tides are caused by the gravitational forces exerted by the sun and the moon. However, their
direct forcing is not sufficient to explain the large tidal amplitudes found in coastal areas. In
fact, tidal sea-level elevations generated in the oceans are amplified due to resonance of the
tidal frequencies with the natural frequencies of coastal basins. A particularly simple example is
the Helmholtz resonator. This is an almost enclosed basin which is connected to the sea through
a narrow channel. In such a configuration a ‘pumping mode’ can occur: the sea-level elevation
is nearly uniform in the basin’s interior with the water flowing in and out through the channel
while the sea-level in the basin rises and falls during the tidal cycle. Because of the lack of sea-
level differences inside the basin, such a mode has a relatively low natural frequency. Therefore
even small systems with lengthscales of about 20 km can be in resonance with the tidal fre-
quency (such as the M, component with its period of 12h.25min).

Linear models describing the resonance phenomenon are well understood. But questions
concerning nonlinear effects remain to be answered. In the model describing the Helmholtz
resonator nonlinear terms arise due to (quadratic) friction and due to a non-uniform hypsome-
try, i.e. when the wet area of the basin is different at high water than at low water. Nonlinear
friction can be dealt with elegantly using a linearization procedure developed by H.A. Lorentz.
He devised this method in 1926, when supervising the scientific committee assessing the possi-
ble effects of the enclosure of the former Zuiderzee. A linear friction law is used with friction
coefficient depending on the amplitude of the oscillation such that the average energy dissipa-
tion equals that if the nonlinear friction law were used. It causes friction to be more important
for increasing amplitudes.

The hypsometry causes nonlinear effects because the relation between the water flux through
the channel and sea-level elevations inside the basin, which acts as the restoring force of the
oscillator through the resulting pressure difference, becomes nonlinear. In a mathematical
model it was shown that this can have dramatic effects on the response of the tidal basin to a
tidal signal at sea. Under certain circumstances the resonance curve (the amplification of the
tidal amplitude in the interior of the basin compared to to tidal amplitude at sea, as a function
of frequency) can be bent in such a way that ‘multiple equilibria” occur: with the same tidal sig-
nal at sea, the response in the basin can be in either a choked or an amplified regime. Sudden
changes between these regimes may occur and may even happen in a chaotic manner!
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In order to investigate these effects, a laboratory experiment was set up in the physics
department. With the tank shown in the picture, the water level in the sea can be changed by
oscillating a box filled with lead at the righthand side of the tank. The water expelled by this 29
box flows underneath the basin area to the sea, where a tidal signal is simulated. The basin is
connected to the sea through a pipe, representing a narrow channel. The waterlevel changes are
measured by acoustic sensors. In this way the oscillating response of the waterlevel inside the
basin to the tidal signal at sea can be measured. The results so far are in good agreement with
‘linear’ theory when friction is very important. If the basin area is reduced, friction becomes less
important and multiple equilibria are found, though under conditions not predicted by the
theory. The theory thus needs to be adapted in order to describe the behavior of our small scale
water tank.

Response curves, vertical walls, Large basin area. Response curve,vertical walls, Small basin area.
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Response curves:

The amplification factor between the tidal amplitude in the basin and at 'sea’, as a function of frequency.
The left figure is for a large basin area, with large impact of friction, for amplitudes at 'sea’ of 1 mm (red), 2
mm (blue) and 6 mm (green). Theoretical curves are according to Lorentz linearization theory. The right fig-
ure is for a small basin area, with nonlinear behavior, for amplitude at sea of 1 mm (red). The blue line
shows the fit with Lorentz linearization theory, the green line is with nonlinear theory.
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EXTERNAL PROJECTS OF THE DEPARTMENT OF PHYSICAL OCEANOGRAPHY

Processes at continental slopes (NWO-ALW)

H. van Haren, H. Ridderinkhof, L.R.M. Maas

Internal waves in the polar ocean (EC-INTAS)

Th. Gerkema, L.R. M. Maas

Integrated North Sea Programme (NWO)

H. van Haren

Bay of Biscay Boundary Layers (NWO)

H. van Haren

Processes of vertical exchange in shelf seas (EC-MAST3)

H. van Haren

Mixing of Agulhas Rings Experiment, Component MARE-A Observations of Agulhas Ring Mixing
(CLIVARNET, NWO-ALW)

C. Veth, HM. van Aken, T.F. de Bruin

Ray-chaos and wave focusing of barotropic Rossby waves (EU-Marie Curie fellowship)
U. Harlander, LR M. Maas

Climatic variability of the sea surface height and circulation in the northern Atlantic Ocean observed
with satellite altimetry (NWO-SRON)

H.M. van Aken, D. Volkov

The dynamics of internal and inertial waves in enclosed basins (NWO-NLS)

L.R.M. Maas, A.M.M. Manders

Secondary tides and quasi-periodically forced nonlinear oscillators (NWO-FOM)
L.RM. Maas and G. Terra

Long-term Ocean Climate Observations (NWO-groot)

H. Ridderinkhof, H. van Haren, L.R. M. Maas, H.M. van Aken, J.T.F. Zimmerman, T. Gerkema
together with Utrecht University and KNMI

Outer Delta Dynamics (NWO-ALW)

H. Ridderinkhof, J.T.F. Zimmerman, M. Buijsman

The transport of suspended particulate matter in the Dutch coastal zone (NWO-LOICZ)
H. Ridderinkhof, L. Merckelbach

Ferrybox (EC)

H. Ridderinkhof, F. Eijgenraam, T. Hillebrand
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DEPARTMENT OF MARINE CHEMISTRY AND GEOLOGY

The year 2002 was overshadowed by the tragic loss of MCG's recently
appointed and inspiring chairman, Dr. Wim van Raaphorst, who died in a
traffic accident on the 6th of November at the age of only 47. Wim's overall
leadership and persistent, unifying approach was cut short at a time when
structural changes in MCG were barely set in progress. Wim will be sorely
missed for years to come. Following the loss of Wim van Raaphorst, Hein de
Baar was appointed as ad interim Head of Department.

Research in MCG aims to identify and quantify the biogeochemical cycles
that are involved in ocean-climate interactions, and to understand the tempo-
ral and spatial changes that are essential to reconstruct past and to predict
future scenarios. Pertinent issues are grouped in three major themes, cross-
linked among themselves and with other NIOZ departments:

THEME 1. Biogeochemical processes in ocean waters and air-sea exchange.
THEME 2. Particle settling and early diagenesis
THEME 3. Sedimentation and palaeoceanography

Research is focusing on present, past, and future ocean processes, thereby
attempting to relate and integrate existing marine biogeochemistry with ongo-
ing sedimentology and palaeoceanography. MCG combines the expertise
from three classical backgrounds, and has developed a unique interaction
between biologists, chemists, and geologists, relating surface ocean processes
to vertical and lateral sediment transport, decadal trends in deep ocean waters,
exchange at the sediment-water interface, and the accumulation of sedimentary archives
recording past global change.

Three PhD students successfully defended their theses. Claar van der Zee studied the
quantitative role of adsorbed, particulate and dissolved phases in the cycling of manganese
and iron, and their interaction with phosphorus cycling in continental margin sediments.
Erica Koning presented a comprehensive sediment-water silica budget for the Somalian
upwelling area, applying new wet chemical techniques and mathematical formulations for
quantifying biogenic silica. Mark Grutters studied the early diagenesis of amino acids in
continental margin sediments, highlighting the role of de novo synthesis of cell-wall associ-
ated amino acids by autochtonous bacterial production (see contribution below).

The department organised various oceanic expeditions to the North Sea and Atlantic
Ocean, focusing a.o. on the effect of dust-associated iron on primary production, on sedi-
mentary processes in European canyons, on inorganic carbon chemistry of coastal seas, on
the spatial distribution of recycling intensity resulting from local hydrodynamics and basin
geomorphology, on the recycling of organic carbon in permeable sandy sediments, and on
the distribution of cold water corals in relation to geological settings. A selection of activities
will be reported in more detail below and in the special section dealing with North Sea
research.
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IRONAGES CRUISES 2002.

Contributor: Klaas Timmermans

For the IRONAGES project , 2 cruises with R.V. Pelagia were conducted in
2002. The first cruise, in March 2002, aimed at studying iron coming from
sediments. Main study area of this cruise was a gradient from the continen-
tal shelf to the abyssal plain. For this purpose a transect from the English
Channel to the Gulf of Biscaye was selected.
» S The main objective of the IRONAGES 3 cruise (October 2002) was to wit-
oy : : ness and to quantify a natural wet deposition event of iron-rich dust from
T s H the Sahara, and to follow a phytoplankton bloom development which might
result from this event. In order to do so, the total deposition of iron from the
atmosphere to surface seawater was estimated, and the soluble fraction of
the iron entering seawater from the atmosphere were determined. Further,
the chemical form of iron both in terms of its redox speciation and the
extent to which it is organically complexed were identified. For this cruise,

e B - R.V. Pelagia left from Ponta Delgada, spend 3 weeks in a “box” between 32 -
R.V. Pelagia in Funchal. 25 N, and 20 — 25 W, had a brief stop in Funchal and ended its cruise in
Valencia.

Results of the field sampling.

The CTD was equipped with standard NOEX bottles, and dedicated Go-Flo watersamplers.
These latter were used for trace metal clean sampling. Shallow CTD casts were done in order to
investigate the vertical distribution of trace metals, macro-nutrients and phyto-
plankton. Next to these CTD cast, special cast were done almost every other day.
The special casts were done for the collection of nutrient rich, trace metal poor
water for experiments with phytoplankton. The use of Go-Flo bottles on the CTD
frame enabled check for trace metal clean-
ness of this frame and the Kevlar wire.The
results were very satisfactory: It was
demonstrated that the combination of the
Kevlar wire, the specially coated CTD
frama and the Go-Flo bottles resulted in
watersamples without Fe contamination.

Two dust samples were mounted on the
bridge of Pelagia. One was dedicated to
the sampling of trace metals (acid washed
filters), one for the sampling of major ions.
New coated CTD frame with These dust samplers were continuously Dust samplers on bridge of Pelagia.
NOEX and Go-Flo bottles. operated during the cruise. Only once dust was clearly vis- (Photo's: Klaas Timmermans)

ible on the filters.

Results from shipboard experiments.

Experiments with the natural phytoplankton population.

For these experiments, water from the Chlorophyll maximum was collected with the Go-Flo
watersamplers. This ensured trace metal clean collection of the water. Subsequently, incubation
and handling were done inside a clean container, at ambient temperature and light conditions.
As the water had low N, P and Si concentrations, trace metal clean nutrients were added.
Routinely, two treatments were incubated: Plus dust and control incubation. The indigenous
phytoplankton showed little if any effect on the additions of the dust.

Experiments with single species phytoplankton cultures.

For these experiments, water from 500 m depth was collected with the Go-Flo watersamplers.
This ensured trace metal clean collection of the water. Subsequently, incubation and handling
were done inside a clean container, at ambient temperature and light conditions. Given the
nutrient concentrations at 500 m depth no nutrients had to be added to these cultures.
Routinely, two treatments were incubated: plus dust and control incubation. The phytoplank-
ton species that were used were: Prasinococcus sp., Pelagmonas sp. and Ditylum brightwelli,
brought from the home laboratory. In these experiments the phytoplankton was used as indica-
tors of bioavailable F originating from duste. The small species (Prasinococcus sp.,
Pelagomonas sp.) did not respond to the addition of dust. Ditylum brightwelli growth rates, in
contrast, was stimulated by addition of dust.
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EARLY DIAGENESIS OF AMINO ACIDS IN SEDIMENTS ACROSS THE NE ATLANTIC SLOPE

Contributors: Mark Grutters, Wim van Raaphorst

Amino acids, constituents of proteins, are generally transported through the water column by
large, rapidly sinking aggregates. During this transport, nitrogen-rich compounds like amino
acids are degraded faster than nitrogen-poor compounds (e.g. lipids). Therefore, the contribu-
tion of amino acids to bulk organic matter decreases with ageing of the organic matter, and
hence with increasing depth in the water column. Moreover, shifts occur in amino acid distribu-
tions due to differences in nutritional value, adsorption capacity, resistance against degrada-
tion, etc.

A study on total hydrolysable amino acids (THAA) in sediment trap samples and in sediments
across the Goban Spur continental slope (NE Atlantic) demonstrated that amino acids can be
used to assess the diagenetic state of organic matter in the sediments. The very low contribu-
tion of THAA to bulk organic matter as well as the rather constant amino acid distributions in
bulk sediments indicated that organic matter was already substantially degraded prior to incor-
poration into the sediments. A diagenetic model was applied to measured THAA and total
organic carbon concentration profiles in the sediments to study their input, mixing and degra-
dation. Amino acids were degraded faster than total organic carbon at the upper slope only,
confirming the relatively refractory character of the organic matter in the sediments at the
lower slope. The difference in diagenetic state of the organic matter across the slope became
clear by studying size fractions of the sediment top layer. Shifts in amino acid distributions
indicated that the organic matter in the finest fraction (<0.5 nm) was more labile than that in
coarser fractions at the upper slope and than any size fraction at the lower slope. The contribu-
tion of fine particles increased with depth across the slope suggesting they were eroded from
the upper slope and accumulated at the lower slope. From this down-slope transport in combi-
nation with the continuous degradation of organic matter attached to the fine particles it was
concluded that the organic matter degradability decreased from the upper slope to the deep-
sea.

Across the slope of the Faeroe-Shetland Channel (FSC) in the NE Atlantic, down-slope particle
transport by repetitive cycles of erosion-deposition was far more important for the delivery of
organic matter to deep-sea sediments than vertical settling from the euphotic layer of the ocean.
An end-member model based on total nitrogen (TN) and THAA concentrations as well as on
amino acid distributions in suspended matter (SM) samples from the water column, sediment
trap samples and surface sediments demonstrated that near-bottom SM comprised ~80% of
fine particles that were resuspended from the sediment surface. The vertical flux from the
upper water column contributed only to ~20%. The contribution of amino acid-N to TN in sus-
pended matter increased with water depth and supported the model results that organic matter
in near-bottom water was not derived from the euphotic layer. The enrichment in aspartic acid
in near-bottom SM and sediments at the upper slope as well as in sediment trap samples at the
lower slope suggested that carbonaceous particles were eroded from the upper slope and trans-
ported down in near-bottom SM layers. The mid-slope maximum of fine particles in the surface
sediment, the elevated inventories of 234Th as well as the high contribution of amino acid-N to
TN evidenced that young and amino acid-rich organic matter was transported down-slope and
preferentially settled at mid-slope depth.

Part of the amino acids that are degraded by bacteria in the water column and in the sedi-
ments are used for synthesis of new biomass. Amino acid enantiomers were used to identify
the contribution of bacterially derived amino acids to THAA in the sediments. Amino acids in
proteins are generally composed of L-amino acids, which can a-biotically racemize to D-amino
acids, the mirror image of the L-enantiomer, on time scales of a few hundred thousands to mil-
lions of years. Bacteria, however, are among the few organisms that can produce D-amino acids
for peptidoglycan, the main constituents of their cell walls.

Across the Goban Spur, the contribution of D-amino acids by racemization was almost negli-
gible which pointed at a bacterially source for D-amino acids. D-amino acids were likely not
associated with whole bacterial cells, since the contribution of amino acids from whole cells
would exceed measured THAA concentrations in the sediments by a factor 5. Amino acids
from bacterial cell wall remnants could account for ~10% of THAA in the sediment surface and
for more than one third of THAA in the deeper sediments. A diagenetic model was applied to
THAA concentration profiles lowered for bacterially derived amino acids. First-order degrada-
tion rate constants of THAA were 2-10 times higher than rate constants calculated from original
profiles, clearly indicating that studying THAA degradation without taking into account the
synthesis of amino acids by bacteria in the sediments is unreliable.

An end-member model based on D-amino acids in suspended matter from the water col-
umn, sediment trap samples and surface sediments demonstrated that the erosion-deposition
mechanism that was responsible for the down-slope transport of THAA across the FSC was

DEPARTMENT OF MARINE CHEMISTRY AND GEOLOGY

33



40

Dbacteria
% B phytoplankton
Ozooplankton

Osediment trap (400 mab)
B sediment surface (1300 m)

Dpiston core (18,000 y)

30

25

Amino acids (mole-%)

asp cell wal ala cell plasma essential basic non-protein

Figure X Mole-percentages of amino acid classes as measured by HPLC in samples from labile and refrac-
tory organic matter end-members. The figure demonstrates that amino acids become enriched during dia-
genesis in relatively refractory organic matter pools as bacterial cell walls and depleted in relatively labile
organic matter pools as bacterial cell plasma. ASP denotes aspartic acid; CELL WALL denotes glycine, ser-
ine and threonine; ALA denotes alanine; CELL PLASMA denotes glutanmic acid, tyrosine and phenylala-
nine; ESSENTIAL denotes methionine, valine, iso-leucine and leucine; BASIC denotes lysine, arginine and
histidine; NON-PROTEIN denotes b-alanine and g-aminobutyric acid.

also responsible for the distribution of amino acid enantiomers. D-amino acids in near-bottom
water layers appeared not to be derived from the euphotic layer but from fine particles resus-
pended from the sediment surface. On average, approximately 5% of the D-amino acid concen-
tration in the sediments could be accounted for by a-biotic racemization. Inventories of D and
L-amino acids showed that there was a pronounced mid-slope accumulation of both enan-
tiomers in the upper 5 cm of the sediments relative to the other stations. The ratio of D/L-
amino acids in the upper sediments, obtained from the inventories, decreased with depth
across the slope and indicated that the contribution of (newly synthesized) whole cells may
increase down-slope. It was concluded that bacterial growth on fine, labile organic matter-rich
particles transported down-slope in near-bottom water layers resulted in a mid-slope accumu-
lation of D-amino acids in refractory bacterial cell wall material. With increasing depth in the
sediments these amino acids are preserved as cell wall remnants and contributed at least 24% to
THAA in the deeper sediments.

An important implication of the bacterial synthesis of amino acids is that degradable amino
acids are transformed into labile cell plasma and relatively refractory bacterial cell walls. This
conversion into cell wall material may enlarge the proportion of amino acids from primary pro-
duction that survives early diagenesis, and could be the first step in the long-term burial of
amino acids in marine sediments.
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PALEO-ENVIRONMENTAL EFFECTS OF THE MID-PLEISTOCENE TRANSITION IN THE TROPICAL ATLANTIC
AND EQUATORIAL AFRICA

Contributors: Enno Schefuf, J. H. Fred Jansen and Jaap S. Sinninghe Damsté

In this co-operative project between the departments MCG and MBT, supported by ALW, the
tropical environmental changes at the start of the Late Pleistocene ice ages were investigated
using lipid biomarkers and their stable carbon isotope compositions. At that time, the Mid-
Pleistocene Transition (MPT) lasting from about 920 to 650 thousand years before present (kyr
BP), the mean global ice mass increased and the 100-kyr cycle of the Late Pleistocene became
established. The utilized lipid biomarkers are specific biochemicals derived from known
organisms, such as haptophyte algae. If preserved in the sediments, they can provide insights
in the past environmental conditions. The investigations were done on sediments from the
Angola Basin in the tropical South Atlantic Ocean. The Angola Basin is characterised by strong
seasonal changes in the atmospheric circulation. From June to August, strong southern
Hemisphere trade winds blow over the Angola Basin transporting large amounts of atmos-
pheric dust from dry areas in southern Africa. Wind-driven surface water mixing causes ele-
vated surface water productivity by oceanic upwelling, i.e. supply of nutrients to the photic
zone from below a shallow nutricline. From December to February, a strong monsoon with
high precipitation in southern Africa leads to maximum Congo River discharge.

For an accurate understanding of the lipid biomarker variations and their significance,
modem atmospheric-dust samples and surface-sediment samples were analysed. The lipid
parameters were mapped in detail and linked to specific environmental conditions. The main
lipids in the dust samples are derived from the epicuticular wax coating of terrestrial higher
plants. Their stable carbon isotopic compositions appeared to primarily reflect the contempo-
rary type of vegetation on the adjacent continent; the molecular parameters in the surface sedi-
ments reflect the main production, transport and preservation processes in the Angola Basin.

These findings were applied to the mid-Pleistocene time series derived from the Ocean
Drilling Program (ODP) sediment core 1077 (lower Congo deep-sea fan). Surprisingly, the
growth of the global ice mass led to a long-term warming of the tropical Atlantic Ocean during
the MPT. This warming must be caused by the temporary but severe reduction of North
Atlantic Deep-Water formation, the carrier of surface-water heat from the tropics to the high
latitudes. The tropical sea-surface temperature (SST) variations followed the changing fre-
quency behaviour of the high-latitude ice volume, i.e. the onset of the 100-kyr cycle. They
responded, however, significantly earlier on the orbital insolation changes. This linkage indi-
cates an early response of the tropics, which receive the largest part of the global insolation, on
the changing surface thermal gradient of the South Atlantic.

After the growth of the global ice volume, the compression and energising of the atmos-
pheric circulation cells stimulated the aeolian dust transport, significantly increasing the accu-
mulation of plant wax lipids in the Angola Basin. The Mid-Pleistocene vegetation changes
detected by the stable carbon isotopic compositions of the plant waxes, appeared strongly cor-
related with the tropical SST. Consequently, the low-Iatitude SST directly controls the African
aridity via the tropical precipitation-evaporation balance and thus determines the large-scale
vegetation type in southern Africa. The low SST at the beginning of the MPT thus led to an
aridification of subtropical and tropical Africa, while the long-term warming caused the re-
expansion of rainforest afterwards.

The environmental changes also had important effects on the marine ecosystem in the
Angola Basin. The monsoonal forcing of river-induced productivity was dominant before the
growth of the ice volume in the MPT, while afterwards the wind-driven upwelling of nutrient-
rich deeper waters became more important for marine production. The strength of the
upwelling depended mainly on the wind strength, which increased with growing global ice
volume. Subsequently, the low-Iatitude forcing of marine productivity was suppressed.

This project thus provides new insights in the climate linkages between the high-latitudes
and the tropics, and the effects of the marine environmental changes on the sensitive terrestrial
and marine ecosystem.
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a) Location of ODP Site 1077 in the Congo deep-sea fan. b) Plant-wax input into the Angola Basin, reflected by the concentrations of the
Cgs to C35 odd-numbered n-alkanes in surface sediments. c) Schematic evolution of the global ice volume during the Mid-Pleistocene
Transition (MPT). d) Sea-surface temperatures during the MPT at Site 1077, determined with the alkenone-unsaturation method. e) Plant-
wax input during the MPT, given by accumulation rates of the C,5 to C35 odd-numbered n-alkanes. f) Cs- (rain forest) to C4-plant (grasses)
vegetation changes in subtropical and tropical Africa, derived from the ? '3C-values of the n-C34 alkane. The vertical grey bars mark the
beginning en end of the MPT.
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EXTERNAL PROJECTS OF THE DEPARTMENT OF MARINE CHEMISTRY AND GEOLOGY

6C (EU). WP 2. GJ.A. Brummer, S. Schouten

ACES (EU). T.C.E. van Weering

ECOMOUND (EU). Coordinator WP 1. T.C.E. van Weering

GEOMOUND (EU). Coordinator WP 5. T.C.E. van Weering

STRATAGEM (EU). Coordinator WP 3. T.C.E. van Weering

Canyons 2001 (EU). Coordinator NEBROC (NWO). T.C.E. van Weering

Red River Delta project, Viemam (WOTRO/NWO). T.C.E. van Weering

EU Strataform (EU). Coordinator WP 2 (since September 2002). T.C.E. van Weering
J.H.F.Jansen, G.-J.A. Brummer, FJ.C. Peeters, N. Loncaric.

CORTEX (CORescanner TEXel) (University Bremen).

J.H.F. Jansen, S.J. van der Gaast, B. Koster, A.J. Vaars.

Neogene history of the Benguela Current and climate in southeastern Africa. (NWO).
J.H.F. Jansen, ].S. Sinninghe Damsté, E. Schefuf, S. West.

Tropical environmental change and its teleconnections during the last deglaciation: a lipid biomarker
study dated with 14C wiggle-matching. (NWO).

G.JM. Versteegh, ].H.F. Jansen.

Mixing of Agulhas Rings Experiment: Palaeoceanographic observations of the Agulhas Ring Corridor
(MARE-C; NWO-CLIVAR)

G.J.A. Brummer, J.H.F. Jansen, N. Loncaric, F. Peeters

Stratigraphical Development of the Glaciated Atlantic margin (STRATAGEM, EU-MAST)
T.C.E. Van Weering, H. De Haas

Processes on the Continental Slope, zonation of settling fluxes (PROCS II, NWO-ALW)

W. Van Raaphorst, G.-J.A. Brummer, J. Bonnin, M. Grutters

Climate history, North Atlantic (NEBROC)

T.C.E. Van Weering, T. Richter

Carbon Cycle, Biological Forcing I (NEBROC)

H.J.W. De Baar, K.R. Timmermans

Carbon Cycle, Biological Forcing II (NEBROC)

H.J.W. De Baar, J. Kramer

Coastal and Continental Margin Processes (NEBROC)

W. Helder, HJ.W. De Baar, H. Thomas

Iron resources and oceanic nutrients — advancement of global environment simulations (IRONAGES,
EU-MAST)

H.J.W. de Baar, P. Croot, K.R. Timmermans

COMET (EU MAST)

H.J.W.de Baar, L. Gerringa

Positive Feedback of enhanced UV-B via the iron chemistry on the fixation of CO2 in the Southern
Ocean (NWO-NAAP)

LJ.A. Gerringa , HJ.W.de Baar, M. Rijkenberg

The continental shelf pump: a pilot study in the North Sea (CANOBA, NWO-ALW)

H. Thomas, H.J.W.de Baar

Enhanced carbon mineralization rates in permeable sandy sediments (EMIR, NWO-ALW)
W. van Raaphorst, EH.G. Epping

Atlantic Coral Ecosystem Study (ACES, EU-MAST)

T.C.E. van Weering, H.C. de Stigter

Environmental Controls on Mound formation along the European margin (ECOMOUND, EU-MAST)
T.C.E. van Weering, H. de Haas, H.C. de Stigter

The internal mound factory (GEOMOUND, EU-MAST)

T.C.E. van Weering , H. de Haas, H.C. de Stigter

Red River delta program (NWO-WOTRO)

T.C.E. van Weering, G. van de Berg

Climate history South East Atlantic I (NEBROC)

J.H.F. Jansen, N. Loncaric, G.J.A. Brummer

Key processes controlling biogenic silica preservation in marine sediments (NWO-ALW)
W. van Raaphorst, E. Koning, E.H.G. Epping
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DEPARTMENT OF MARINE BIOGEOCHEMISTRY AND TOXICOLOGY

The department MBT addresses a field of research at the interface of the basic disciplines of
chemistry, geology and biology. The basic questions are:

e Which organic compounds of either natural or anthropogenic origin are present in the dif-
ferent compartments (biota, sediment, water) of the marine environment ?

o What are the reaction pathways involved in their biosynthesis, biotransformation and dia-

genesis?

What are the reaction kinetics and how are these influenced by environmental conditions ?

In the case of biogeochemistry: when did the reactions take place (geological component) ?

In the case of toxicology: what are the biological effects of the observed concentrations of

the parent compounds and their reaction products ?

The research is divided into the two departmental themes, i.e. ‘Biogeochemistry’ and
‘Environmental Chemistry & Ecotoxicology’. Both are intimately connected to the NIOZ pri-
oritized research area ‘transfer of energy and matter in the coastal, continental shelf and con-
tinental slope systems’ and supply information that is vital to understand the impact of
man’s actions on ecosystems. A large part of the biogeochemical research is also closely
related to the second NIOZ priority ‘marine system variability through time’.

One of the most important developments in 2002 was the construction of the new lab and
office facilities for the Marine Biogeochemistry group. The old temporary housing has been
used for more than nine years and did not meet the criteria anymore of the "ARBO’ regula-
tions. The new labs and offices, which the group moved into at end of November, are much
safer and healthier and far more in line with these regulations. Another important develop-
ment was the change of department head. After 5 years Jan Boon has stepped aside from his
position as department head of MBT. His place has now been taken over by Jaap Sinninghe
Damsté.

Several PhD. students successfully completed their Ph.D. projects this year and they
describe the results obtained below. Enno Schefu8 completed a collaborative project
between MBT and MCG on the palaeo-environmental effects of the mid-Pleistocene transi-
tion on the tropical Atlantic and equatorial Africa. For his study he analysed, amongst oth-
ers, an 800 Kyr-long record on the composition of biomarkers in unprecedented high resolu-
tion. Bart van Dongen studied the effect of natural sulfurization of sugars on the
accumulation and composition of sedimentary organic matter. An important conclusion
from his results is that if carbohydrates are sulfurized and preserved in sedimentary organic
matter then large effects on total organic carbon contents and isotopic compositions of
organic carbon can be expected. Finally, Rienk Smittenberg has examined the potential to
accurately date marine sediments by compound-specific 14C-analysis. He found that the Hc.
composition of specific archaeal membrane lipids provide an excellent tool for dating
marine sediments in contrast to the heterogenous sedimentary organic matter.
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NEW STABLE ISOTOPE MASS SPECTROMETERS INSTALLED

Through a “Middelgroot” instrument grant from NWO-ALW the department of MBT was able
to purchase two new stable isotope mass spectrometers with several applications. After a long
delay the instruments, a Thermofinnigan Delta’ U5 and a Delta”™US XL, were installed in
October/November 2001 and were fully running by the beginning of 2002. Attached to the
mass spectrometers are several applications. Firstly, a so-called Gas Bench and Elemental
Analyzer are hooked-up to the Delta™ S to analyse carbonates/dissolved inorganic carbon
and bulk organic matter, respectively. Examples of the types of analyses which can be per-
formed using the GasBench are 13C and 80 analyses of carbonates, 3¢ analysis of dissolved
inorganic carbon and 80 of water. The Elemental Analyzer will be mostly used for the 13C and

N analysis of sedimentary organic matter. Secondly, a gas chromatograph with cumbusi-
tion/pyrolysis interface is hooked up to the Delta”™"> XL. Through this application, individual
organic compounds can be analysed for their 13¢ 15N, 180 and 2H-contents. Finally, a thermo-
chemical analyzer is also hooked-up to Delta”“U® XL isotope mass spectrometer to enable the
analysis of 2H-contents of water and bulk organic matter. The installation of these machines has
already provided a substantial boost to the isotope research in the department of MBT and is
increasingly used by other departments within NIOZ and outside research institutes and uni-
versities.

Installed Thermofinnigan DeltaPLYUS XL sta- Installed Thermofinnigan Delta PLUS isotope mass spec-
ble isotope mass spectrometer with gas trometer with GasBench for measuring the stable isotopes
chromatograph and combustion/pyrolysis of inorganic carbon in seawater and sediments.

interface for measuring the stable isotopes
of individual organic compounds.
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COMPOUND-SPECIFIC RADIOCARBON DATING AND BIOMARKER ANALYSES OF LAMINATED FJORD
SEDIMENTS.

Contributors: Rienk H. Smittenberg, Ellen C. Hopmans, Stefan Schouten and Jaap S. Sinninghe
Damsté

Radiocarbon dating is based on the principle that 14C atoms created from 13C in the atmosphere
by solar radiation are taken up by organisms, which after their death exhibit an ever decreasing
radiocarbon content due to radioactive decay. The introduction of accelerated mass spectrome-
try (AMS) in the early 1990’s greatly reduced the amount of carbon required to analyze natural
radiocarbon to below 100 pg, and it became possible to determine the radiocarbon age of iso-
lated molecular remains of algae, plants and micro-organisms, so-called biomarkers. This may
be of special value in cases where dating is not or hardly possible with e.g. wood or shell
pieces. Our study is the first one dedicated to this possibility, as this newly developed tech-
nique has so far mainly been used for tracking carbon sources, another useful application of
compound-specific radiocarbon analysis. For instance, the main source of marine derived
organic carbon is dissolved bicarbonate, which is on average several centuries old, while
organic carbon deposits on land may be several millennia of age. The total organic carbon frac-
tion (TOC) of a sediment is normally a mixture of both marine and terrestrial remains, and this
makes TOC useless for dating purposes.

In this study, supported by ALW, we analysed sediments from the Saanich Inlet, a Canadian
fjord. The water mass inside Saanich Inlet is anoxic in the bottom part, due to an under-water
sill at the entrance which prevents exchange of this bottom water with open sea. Because of
this, larger animals can not live at or in the fjord sediment, and thus the record of yearly
deposited light and dark layers is preserved. By counting these layers, similar to tree-rings, an
accurate dating over the last 6000 yr. was obtained for this sediment. Five sediment subsamples
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were selected, from which several biomarkers (organic compounds with known origin) were
isolated. The isolation was for a large part performed using a specially developed preparative
HPLC (liquid chromatography) method, so that larger and more polar compounds could be
isolated then is traditionally done using gas chromatography. The isolated biomarkers on
which radiocarbon dating was performed were derived from photoautotrophic plankton, from
marine Crenarchaeota (a microorganism that ubiquitously occurs in the ocean), and from land
plants. For comparison, the TOC fraction was also dated. The main result was that the biomark-
ers derived from the marine Crenarchaeota could be easily isolated in relatively large quantities
and that their calibrated radiocarbon ages agreed well with the independently determined sedi-
ment ages. In the future, this method can thus be used as an alternative or extension for radio-
carbon dating of marine sediments. Radiocarbon dating using phototrophic plankton gave
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variable results. This is most likely due to the fact that phototrophic plankton grow in the sur-
face waters, which are highly influenced by seasonal changes in air-ocean CO, exchange and by
fresh water inputs that may also have varying radiocarbon contents. The radiocarbon ages of
the biomarkers derived from land plants were several thousands of years older than the sedi-
ment, and this clearly influenced the age of the TOC. Moreover, the age difference between this
terrestrial biomarker and the sediment increased towards more recent times. This can be related
to an ever increasing age of the soils at the environs of the fjord, which started to develop after
the termination of the last ice age.

Laminated and anoxic fjord sediments are in general very suitable for biogeochemical research,
because they often contain well-preserved high resolution palaeoclimatic and palaeo-environ-
mental records. To investigate this, two Norwegian fjords were sampled, i.e. the small Kyllaren
fjord, located north of the city Bergen, and the larger Drammensfjord, a side fjord of the
Oslofjord, which was visited during a cruise of the RV Pelagia during 1998.

Concentration profiles spanning approximately 400 years were obtained for a large suite of bio-
markers extracted from Kyllaren fjord. Together with the stable carbon isotopic compositions of
some of these biomarkers, it could be shown that this fjord is susceptible to natural eutrophica-
tion. Because the water exchange is reduced to a large extent by the sill between the fjord and
the open sea, incoming nutrients are trapped and are intensively recycled, including CO,. The
building of a bridge annex dam in 1950 enhanced this effect. Due to the increase of trapped
nutrients, more planktonic growth occurred, which also resulted in a rise of the level below
which water column anoxia prevails, resulting in an almost completely anoxic basin.

In the Drammensfjord, eutrophication was also clearly recognisable from the biomarker pro-
files. At the onset of the industrial revolution around 1850 the logging industry expanded,
resulting in a higher load of wood chips and pulp in Norwegian waters. The amount of plank-
ton-biomarkers increased gradually, related to the increased supply of nutrients coming out of
the wood pulp. However, almost immediately specific biomarkers derived from the plankton
species Botryococcus braunii disappeared from the sedimentary record. This indicates that this
plankton species is sensitive to eutrophication, probably because they are outcompeted by
faster growing algae that can profit better from increased nutrient levels. Because Botryococcus
braunii is a fresh water species, the occurrence or lack of its remains in a marine sediment was
until now generally linked to variations in the supply of fresh water to a marine system. The
results just described show, however, that the occurrence or lack of Botryococcus braunii may
also be caused by a change in the trophic state, and not necessarily by a change in the actual
input of fresh water.

Photograph of a 15 cm section of the laminated sediment from Saanich Inlet. The white layers are deposited
during summer, due to calcareous plankton. The dark layers are deposited during winter, and consist mainly
of silt and clays.
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NATURAL SULFURIZATION OF CARBOHYDRATES IN MARINE SEDIMENTS: CONSEQUENCES FOR THE
CHEMICAL AND CARBON ISOTOPIC COMPOSITION OF SEDIMENTARY ORGANIC MATTER.

Contributor: Bart E. van Dongen, S. Schouten and Jaap S. Sinninghe Damsté

Carbohydrates make up the largest part of the organic matter in the biosphere and serve living
organisms as carbon and energy source as well as metabolic intermediates. Carbohydrates are
generally thought to be remineralized during early diagenesis in the water column and sedi-
ment and are thus not preserved in substantial amounts. However, some studies have sug-
gested that preservation of carbohydrates through sulfurization could be an important path-
way for the preservation of sedimentary organic matter. However, it is still unclear to what
extent carbohydrates can be preserved through this pathway in sedimentary organic material
and what the consequence of a substantial preservation of carbohydrates is for the chemical
and isotopic composition of the total organic carbon (TOC). The primary goal of this study, sup-
ported by NEBROC, is to test the hypothesis that preservation of carbohydrates through sulfur-
ization may be an important pathway for the preservation of organic matter and, if so, to deter-
mine what the consequences for TOC and 13C contents of TOC (3'3Croc) records are.

First the sulfurization of carbohydrates was mimicked in laboratory experiments which
showed that at relatively low temperatures (50YC) monosaccharides are completely converted
into organic sulfur compounds (OSC). Monosaccharides with the carbonyl function replaced by
sulfur formed a substantial part of the low molecular weight OSC. However, most of the sulfur-
ization products were of high molecular weight and linked through monosulfide linkages.
These results provide experimental evidence that sulfurization of monosaccharides at relatively
low temperature can result in the formation of OSC, most likely starting with sulfurization of
the carbonyl functionality.

Organic geochemical analyses of a TOC cycle in the Jurrassic Kimmerdige Clay Formation
(KCF) comprising the extreme TOC-rich (34%; Fig. 1) Blackstone Band sediment showed that
the enhanced TOC values are most likely caused by an increase in the accumulation rates of
organic matter and not by a decrease in the accumulation rate of inorganic matter. A linear cor-
relation is observed between the §'*Coc, and the amounts of short-chain alkylated thiophenes
and the S-rich unresolved complex mixture (UCM) found in the kerogen pyrolysates and the
TOC/ Al ratios for TOC/ Al ratios >2 (Fig 1B and C). Detailed analyses of an S-rich UCM
revealed that it probably consists of a large number of S-bound and O-bound, short chain, car-
bon skeletons. These most likely originate from carbohydrates incorporated into macromolecu-
lar organic matter through sulfurization during early diagenesis. Together with the alkylated
thiophenes, also likely originating from sulfurized carbohydrate carbon, this indicates that the
primary cause of the TOC maximum is the enhanced contribution of carbohydrate carbon to
the organic matter. Estimations of primary production rates and preservation factors based on
the barium and aluminium contents show that the primary production increased only by a fac-
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tor 2 in the Blackstone Band, while the preservation factor of the carbohydrates increased by a
factor 18. These results strongly suggest that preservation of carbohydrates through sulfuriza-
tion may thus be an important pathway of preservation of organic matter, especially in shallow
euxinic shelf seas.

Stable carbon isotope composition analyses of individual monosaccharides and lipids, as
well as the bulk stable carbon isotope composition of total cell material from different a uatlc
and terrestrial plants showed that, in general, monosaccharides are 0 to 9%0 enriched in 13C
compared to total cell material and substantially enriched, 1 to 16 %o, in C compared to lipids
within single organisms. The magnitude of the differences between the 13C values of carbohy-
drates and total cell material or lipids is far greater than previously reported. This suggests that
an enhanced contribution of carbohydrates to sedimentary orgamc carbon can significantly
affect 83 Coc values, explaining the linear correlation of 813Croc with TOC in the KCF.

In general this study strongly suggest that preservation of carbohydrates through sulfurization
may thus be an important pathway of preservation of organic matter. This enhanced contribu-
tion of normally labile orgamc carbon to sedimentary organic carbon can have substantial
impacts on TOC records and §'*Croc records.

DEPARTMENT OF MARINE BIOGEOCHEMISTRY AND TOXICOLOGY



EXTERNAL PROJECTS OF THE DEPARTMENT OF MARINE BIOGEOCHEMISTRY AND TOXICOLOGY

Chemical fossils of diatoms for age determination of petroleum: Improved tools for solving exploration
and production problems (STW).

B. Abbas, S. Rampen, G. Muyzer, S. Schouten, J.S. Sinninghe Damsté.

Marine Environmental Awareness Courses for the Dutch Maritime Universities of Higher Professional
Education (3 courses in 2002, funded by ProSea). In co-operation with EcoMare.

J.P. Boon (co-ordinator and lecturer), K. Booij, C.C. Ten Hallers-Tjabbes (lecturers).

TBT in Marine Mammals (RWS-RIKZ).

J.P. Boon, C.C. Ten Hallers-Tjabbes.

Evaluation of proposed methods to measure the occurrence of potential bioinvading species in ballast
water of ships. (Royal Haskoning).

J.P. Boon, C.C. Ten Hallers-Tjabbes, M.J. Veldhuis, W. Van Raaphorst.

Bioaccumulation of persistent organic pollutants in small cetaceans in European waters: Transport
pathways and impact on reproduction (BIOCET). (EU-DG XII).

J.P. Boon, B.N. Zegers.

Tetrabromobisphenol-A (TBBA) in animals of different trophic levels from the North Sea. (Bromine
Science and Environmental Forum (BSEF)).

J.P. Boon, B.N. Zegers.

Risk assessment of brominated flame retardants as suspected endocrine disrupters for human and
wildlife health (FIRE). (EU-DG XII).

J.P. Boon, B.N. Zegers (guest scientist).

Analyses of organotin compounds in harbour porpoises from the North Sea and their food. (RIKZ,
Ministry of Transport, Public Works and Water Management). In co-operation with the Institute for
Environmental Studies, VU Amsterdam.

J.P. Boon, B.N. Zegers

Passive sampling of organic contaminants in the waterphase (RIKZ).

K. Booij, C.V. Fischer

A historical molecular record of Holocene environmental changes from Antarctic sediments of stratified
fjords and lakes (NWO-ALW).

M. Coolen, G. Muyzer, S. Schouten, J.S. Sinninghe Damsté.

Rapid global change during the Cenomanian/Turonian oceanic anoxic event: Examination of a natural
climatic experiment in Earth history (CT-Net).

A. Forster, S. Schouten, ].S. Sinninghe Damsté.

Archaeal carbon fixation and burial and terrestrial organic matter input in the coastal system as
revealed by tetraether membrane lipids (NWO-ALW and LOICZ)

L. Herfort, E.C. Hopmans, S. Schouten, J.S. Sinninghe Damsté

Early diagenetic transformations of carotenoids: A key to understanding past environmental changes
(NWO-ALW).

E.C. Hopmans, J.S. Sinninghe Damsté.

6C: Climate change, carbon cycle and carbonate chemistry (EU)

J. Ossebaar, G.J. Brummer, S. Schouten.

Neogene history of the Benguela Current and climate in southeastern Africa: a high resolution study of
biomarkers and planktonic Foraminifera (NWO-ALW).

E. Schefuss, ]. H.F. Jansen, J.S. Sinninghe Damsté.

Decadal climatic changes in the Holocene as revealed by biomarker records in finely laminated marine
sediments (NWO-ALW).

R.H. Smittenberg, ].S. Sinninghe Damsté.

Impact of TBT in Neptunea antiqua from the North Sea (DGG).

C.C. Ten Hallers-Tjabbes.

Recycling of respired CO, in stratified marine systems: Consequences for the interpretation of the sta-
ble carbon isotope record (NWO-ALW).

Y. Van Breugel, ].S. Sinninghe Damsté.

Sulfurised carbohydrates: An important sedimentary sink for organic carbon? (NEBROC)

B.E. Van Dongen, S. Schouten, ].S. Sinninghe Damsté.

Climate history of the South East Atlantic Ocean (NEBROC).

G.J.M. Versteegh, F.J.H. Jansen, ].S. Sinninghe Damsté, ].W. De Leeuw.

Carbon Isotopic Biogeochemistry of Eastern Mediterranean Mud Volcanoes. (NWO-ALW)

J. Werne, ].S. Sinninghe Damsté.

Development, evaluation and application of organic geochemical tracers for terrestrial carbon input
into the marine environment (NWO-ALW)

J. Weijers, E.C. Hopmans, S. Schouten, J.S. Sinninghe Damsté, T. Wagner

Tetraether membrane lipids in the water column and sediments: Insights into the evolution and ecol-
ogy of marine pelagic archaea.

C. Wuchter, S. Schouten, ].S. Sinninghe Damsté

Molecular and isotopic compositions oh hydrocarbon gas and organic matter from cold-seep deposits.
A. Stadnitskaia , Tj. Van Weering, J.S. Sinninghe Damsté

DEPARTMENT OF MARINE BIOGEOCHEMISTRY AND TOXICOLOGY

45






DEPARTMENT OF BIOLOGICAL OCEANOGRAPHY

The Department of Biological Oceanography focuses on the role of planktonic organisms in
the carbon and energy fluxes and nutrient recycling in the North Sea and the Atlantic Ocean.
Specific emphasis is put on the complex interaction between bottom-up and top-down con-
trol mechanisms in the lower planktonic food web.

In the year 2002, three cruises were executed. The final Plume & Bloom cruise in the North
Sea was carried out during summer with input from MCG to obtain additional data on the
role of clay and nutrient transport for the dynamics in productivity of the southern North
Sea. During the MOMAP-1 cruise, also in the North Sea, growth and mortality of
Phaeocystis was studied. An important component of this cruise was the assessment of the
phyto- and bacterioplankton viral-induced mortality. In the TRANSAT-1 cruise performed
in collaboration with FYS, the diagenesis of dissolved organic matter and the accompanying
changes in prokaryotic community composition was followed in the North Atlantic Deep
Water (NADW). This was done along a transect from the Greenland-Island-Norwegian Sea
to the Azores, covering roughly the first 50 years of NADW in the oceanic conveyor belt.

A major field campaign in the frame of the AIRWIN project, funded by the EU, was per-
formed in the Mediterranean Sea. In this project, the biology and chemistry of the air-sea
microlayer, i.e. the first ca. 200 pm of the water column, is studied. As part of the (EU)-BIO-
HAB program scientists participated in the microcosm experiments in Barcelona. These
experiments were designed to examine the release of toxic substances of Alexandrium
catanella and their effect on the different trophic levels of a natural plankton community
(viruses, bacteria, other phytoplankton, micro-and mesozooplankton). The EU-funded
BASICS project started in fall. The main goal of this project is to perform single-cell analysis
using a combination of phylogenetic and functional probes and laser confocal laser scanning
microscopy to decipher the phylogenetic and functional dynamics of prokaryotic plankton
communities at specific sites in European coastal waters.

MAJOR SHIFT IN BACTERIOPLANKTON UTILIZATION OF ENANTIOMERIC AMINO ACIDS BETWEEN SUR-
FACE WATERS AND THE OCEAN'’S INTERIOR

Contributors: Maria T. Pérez, Clemens Pausz, Gerhard J. Herndl

The oceanic dissolved organic carbon (DOC) pool is considered to be mainly of phytoplankton
origin. This view has been challenged by the notion that the largest oceanic biomass, the bacte-
rioplankton, also considerably fuel this DOC pool. It has been demonstrated that bacterioplank-
ton transform labile DOC into recalcitrant DOC. One of the most refractory compounds of the
bacterial cell is its cell wall. Specific compounds of this cell wall, the peptidoglycan layer, have
been shown to constitute a significant fraction of the oceanic DOC pool as indicated by the
characteristic enantiomeric ratio (D-/L-ratio) of its dissolved total amino acids. L-amino acids
are those where the amino group is on the L-eft side in its Fisher projection of the compound,
D-amino acids where the amino group is on the right side.

The main biotic source of D-amino acids in the sea is the peptidoglycan layer of the bacterial
cell wall where 4 specific enantiomeric amino acids (alanine [Ala], glutamic acid [Glu], aspartic
acid [Asp], and serine [Ser]) are present. Abiotically, D-amino acids are formed by racemiza-
tion, which converts the L-enantiomeric form of amino acids into the corresponding D-amino
acids. This racemization is a significant source of D-amino acids only over geological time
scales. While the production of D-amino acids in the sea is largely restricted to bacteria, L-
amino acids are produced and released into the oceanic DOC pool by a large variety of organ-
isms but the most important source is phytoplankton. These phytoplankton-derived L-amino
acids serve as an important substrate for bacterioplankton and are consequently turned over
rapidly.

I?n cgntrast to that, D-amino acids are generally considered to be refractory as indicated by
the increase in the ratio of D-/L-amino acids in DOC degradation experiments with surface
water DOC. Therefore, it has been recently suggested that the ratio of D-/L-amino acids can be
used as a diagenetic indicator of the bioreactivity of the oceanic DOC pool. Since the DOC pool
becomes increasingly refractory from the surface layers to the deep waters, one would expect
that the D-/L-amino acid ratio of the DOC pool increases with depth as well. However, such an
increase in the D-/L-amino acid ratio with depth has not been found in the DOC fraction larger
than 1,000 molecular weight which represents about 20-30% of the bulk oceanic DOC.

In this study we measured the concentrations of the 4 bacterial cell wall-derived enan-
tiomeric amino acid species present in the DOC pool throughout the North Atlantic water col-
umn. Concurrently, we determined the uptake of D- vs. L-Asp by bacterioplankton in the dif-
ferent water layers. Since major shifts in the D-/L-Asp uptake ratio of bacterioplankton from
the surface to the deep mesopelagic layers were found, additional laboratory experiments were
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Concentrations of dissolved
total D-aspartic acid (Asp),
D-glutamic acid (Glu), D-
serine (Ser) and D-alanine
(Ala) and the corresponding
D/L ratios in the water col-
umn of the North Atlantic.
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performed. In these experiments, the hypothesis was tested that bacterioplankton, in the
absence of other utilizable organic matter, shift from a preferential L-amino acid uptake to a
more efficient utilization of D-amino acids, i.e. bacterial-derived DOC. Furthermore, the poten-
tial role of flagellates in the production of bacterial cell wall-derived dissolved amino acids was
examined.

The field work for this study was done in the Faroe Shetland Channel of the North Atlantic
(1°W 62°N — 5°W 60YN) during the BIOPROCS cruise with the R/V Pelagia in the summer of
1999.

The concentrations of the 4 dissolved total enantiomeric amino acid (DTEAA) species indica-
tive for cell wall-derived DOC (Asp, Glu, Ser, Ala) exhibited no particular trend with depth in
the water column of the Faroe Shetland Channel. Also, no trend with depth was discernable for
the ratio of the D-/L-amino acid species. The lack of any trend with depth in the D/L ratios of
these 4 DTEAA species in the water column of the Faroe Shetland Channel is in agreement with
the few data available for other oceanic regions obtained with dlfferent methods.

Based on the mean D-Ala concentration of 27.9+6.3 nmol L™ (54 samples), averaged over all
the stations and depths and assuming that all the dissolved total D-Ala originates from the pep-
tidoglycan layer of bacterioplankton we can estimate the contribution of bacterioplankton-
derived peptidoglycan to the bulk DON pool. It has been shown that the D-Ala concentration
in peptidoglycan is relatively constant, at least for culturable non-marine bacteria (D-Ala-N x
5.7). Based on these directly measurable hydrolyzable D-Ala and the DON concentrations (data
not shown), bacterioplankton-derived peptidoglycan contributes about 2 — 2.5 % to the DON
pool of the study site. There is evidence from recent NMR studies that most of the oceanic DON
not recoverable on a molecular level consists probably of non-hydrolyzable amino acids. Thus,
since only about 10 % of the DON pool are hydrolyzable amino acids it follows that dissolved
peptidoglycan contributes about 20 — 25 % to the pool of hydrolyzable dissolved amino acids
in the study area. These figures should be considered as a rough estimate only since the above
calculation is based on the D-Ala concentration in peptidoglycan obtained from cultured non-
marine, mostly biomedically important bacteria. The contribution of D-Ala on the peptidogly-
can of marine bacteria might be more variable considering their phylogenetic and functional
diversity.

In order to estimate the potential of bacterioplankton to utilize bacterial cell wall-derived dis-
solved D-amino acids, we compared D- and L-Asp uptake of natural bacterial communities col-
lected from different depth layers. The ratio of bacterial D-/L-Asp uptake increased exponen-
tially from 0.03 in the surface layers to about 1 at 900 m depth. If the other 3 amino acid species
are taken up at similar D-/L- uptake ratios as Asp, then the high uptake ratio of D-/L-Asp in
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the mesopelagic zone indicates an adaptation of the mesopelagic bacterioplankton community
to utilize D-amino acids relatively more efficiently than bacteria in the euphotic zone. In the
euphotic zone, phytoplankton activity supplies mainly L-amino acids, which are taken up by
bacteria efficiently and, according to our data, preferentially over D-amino acids. Thus, in the
euphotic zone the supply ratio of D-/L-amino acids might be similarly low as the D- /L-Asp
uptake ratio we measured. In the mesopelagic zone, however, due to the absence of phyto-
plankton production and the preferential use of L-amino acids in the surface layers, the
bioavailable DOC, including the freshly-produced DOC supports a supply ratio of D-/L-amino
acids which is considerably higher than that in the euphotic layer. In short, we speculate that
the observed shift in bacterial uptake ratios of D-/L-amino acids with depth reflects the shift in
the production of bioavailable D-/L-amino acids from the surface layers to the mesopelagic
zone. Such a close coupling between the supply ratio and the uptake ratio would explain the
rather constant D-enantiomer concentrations and D/L ratios of the 4 DTEAA species through-
out the water column.

Since bacterioplankton are thought to be the main source of the 4 D-amino acids one might
tentatively assume a close relation between bacterial production and D-amino acid concentra-
tion. The remarkably constant dissolved total D-Ala and D-Asp concentrations over a wide
depth range are in sharp contrast, however, to the decline in bacterial production from the near-
surface (0.17+0.15 umol C L d) to the deep mesopelagic layer by 3 orders of magnitude.
Bacterial production was positively correlated with D- and L-Asp uptake and negatively corre-
lated with the D-/L-Asp uptake ratio. The steeper slope for L-Asp than for D-Asp uptake
causes the increasing D-/L-Asp uptake ratios with decreasing bacterial production. The ques-
tion remains to be solved whether these relatively higher uptake rates of D-Asp as compared to
L-Asp in the deeper layers of the water column are due to specific species of prokaryotes inhab-
iting the mesopelagic zone.

Major shifts in the bacterial community composition between surface and mesopelagic
waters have been reported for the Mediterranean Sea. About 50 % of all the phylotypes of
Bacteria present in the mesopelagic zone are specific for this layer as determined by terminal-
restriction fragment length polymorphism. Thus, there is accumulating evidence that the
prokaryotic community changes significantly with water column depth and it is likely that
these shifts in the prokaryotic community composition are responsible for the shifts in the
uptake ratio of D-/L-Asp from the euphotic layer towards the deep mesopelagic zone.

Our findings have several important implications. For using D-/L-amino acid ratios as an
indicator of the diagenetic state of DOC, caution is required since D-amino acids are more
bioavailable than hitherto assumed, especially in the mesopelagic zone. For the microbial ecol-
ogy of the mesopelagic realm, our results indicate that specific prokaryotic communities are
present there utilizing D-amino acids as efficiently as L-amino acids. The phylogeny of these
prokaryotes responsible for this efficient D-amino acid utilization in the mesopelagic environ-
ment is unknown but even surface water bacterioplankton have the physiologic capacity to uti-
lize these D-amino acids efficiently if other organic nutrient sources are not sufficiently avail-
able. Whether this efficient utilization of D-amino acids represents a common strategy of
bacterioplankton to utilize them as a supplementary carbon, nitrogen and energy source when
other suitable organic substrates are scarce in the mesopelagic and deep waters remains to be
investigated.
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FLUORESCENT DETERMINATION OF CHANGES IN BACTERIAL CELL SURFACE CHARGE BY CONFOCAL
LASER SCANNING MICROSCOPY

Contributors: Karen E. Stoderegger, Gerhard J. Herndl

Surface properties of bacterioplankton may play a crucial role in the uptake of inorganic and
organic nutrients by bacteria and in regulating the grazing pressure of potential predators such
as flagellates. Common techniques to measure the hydrophobic and the hydrophilic properties
such as bacterial adhesion experiments, contact angle measurements or spectroscopy methods
require extensive manipulation of the cells including filtration, dehydration or centrifugation
prior to analysis. These cell manipulations might, however, modify the physicochemical prop-
erties of the specific organisms.

Therefore we developed a non-destructive, minimally manipulative cell surface analysis
technique to assess and quantify the hydrophobic and hydrophilic moieties of the bacterial cell
in different life stages. The hydrophobic and hydrophilic parts of the bacterial cell surface were
detected by applying a combination of three fluorescent dyes to the filtered, living sample and
subsequently, confocal laser scanning microscopy (LSM, Zeiss 510) (Fig. 1). Using this method,
we related the surface properties to other characteristics of the bacterial cell.

On a single cell basis, bacterial strains were significantly different from each other in at least
one of the measured properties, indicating large interspecific variations. No proportional
changes of the hydrophobic or hydrophilic properties with cell size were detectable, indicating
that bacteria are able to express weak and intensive hydrophobic and hydrophilic properties
independent of their specific size.

We could also show that hydrophobic and hydrophilic properties were highly dynamic over
time. Bacterial cells assembling in aggregates showed a distinct but small, elevated hydropho-
bicity as compared to free-living cells. While hydrophobic properties remained fairly constant

a

Visualization of the bacterial cell stained with the different tracers. Each image is divided into 4 parts
reflecting the 3 channels and the combined image. False colour-image upper-left: hydrophobic properties
are displayed red, lower left: hydrophilic properties are displayed in yellow and upper right: genome
properties are displayed green, lower right: shows a combination of the 3 images. Red arrows indicate
mainly hydrophobic, yellow arrows hydrophilic and green arrows genome-stained parts. White arrows
show cells stained with all three tracers. Typical examples are shown in (A) for a bacterial strain
(Pseudoalteromonas sp. ANG.ro2), and in (B) for a natural bacterial community.

and still exhibited species-specificity, the polarity of the surface was more depending on the life
stage of the culture.

Based on their hydrophobicity, 2 distinctly different groups of bacteria were distinguished. In
environments with dynamic nutrient concentrations increased hydrophobicity seems to be
advantageous for the cell, in order to enhance particle attachment, therefore avoiding grazing
by increasing size and by high growth rates, while increased polar moieties of the cell facilitate
nutrient assimilation. In contrast, in more oligotrophic environments where nutrients are usu-
ally scarce, hydrophobicity is low to avoid grazing, while the observed dynamic variation in
hydrophilic nutrients reflects the cell’s ability to compete for these different nutrients.
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Following a K-strategy implies low growth rates, high substrate-affinity, but low substrate
demand, in connection with specialization is commonly described as a typical strategy for sta-
ble environments, while r-strategy can be mainly found in less stable environments. The less

hydrophobic and less abundant species encountered were isolates from the Atlantic Ocean (Fig.

2B). Strains exhibiting higher hydrophobicity were isolated from more mesotrophic environ-
ments (North Sea, Adriatic Sea) except P. libaniensis (South Atlantic). Thus, we hypothesize
that the less abundant species, isolated from the more stable environments exhibiting lower
growth rates, are K-strategists, while r-strategists are increasing their hydrophobic and
hydrophilic properties, essentially maximizing their efforts to acquire nutrients or to attach to
particles. Therefore, measuring cell surface properties of bacterioplankton reveals different life
strategies. Combining these measurements with phylogenetic analysis allows us to obtain
information on the specific niches bacterial species are occupying in their environment.
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Development of bacterial abundance (BA) and the ratio (RELpp1/phob) between hydrophilic and hydropho-
bic properties for (A) more hydrophobic and (B) less hydrophobic bacterial strains over time. Slopes of
regression are significantly different between (A) and (B) for RELphi1/phob but not for bacterial abundance.
R. azotoformans - Rhodobacter azotoformans, P. libaniensis - Pseudomonas libaniensis, P. caragenovora -
Pseudoalteromonas caragenovora, P. sp. - Pseudoalteromonas sp., V. viscosus - Vibrio viscosus, A. atlantica
- Alteromonas atlantica, lim-phosphorous limited.
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DNA FINGERPRINT OF CYANOBACTERIA AND ALGAE IN MICROBIAL MATS EXPOSED TO DIFFERENT LEV-
ELS OF OIL POLLUTION

Contributors: ].D.L. van Bleijswijk, G. Muyzer

A role of microbial mats in the biodegradation of oil in the Arabian Sea was suggested when
about one year after the massive oil spills in the Gulf war of 1991, cyanobacterial mats devel-
oped on top of the oil. Yet, oxygen producing phototrophs (cyanobacteria and algae) are gener-
ally believed to play a major role in the breakdown of oil. Probably they do not themselves
breakdown the oil components on a large scale but they create favourable conditions for oil
degradation by bacteria, because they influence oxygen and nutrient concentrations, pH and
the physical characteristics of the mats.

Detailed studies on the biodiversity of microorganisms in marine mats were still lacking.
Even less was known about the oil tolerance of individual species. NIOZ provided data on
species richness and species composition of cyanobacteria and algae that were present in
selected microbial mats exposed to different levels of oil pollution. The research is part of the
European project on the Role of Microbial Mats in Bioremediation of Hydrocarbon Polluted
Coastal Zones (MATBIOPOL). In this integrated program, studies on microbial diversity and
activities in response to oil pollution are combined with studies on behavior and degradation of
hydrocarbon molecules in microbial mat systems. Knowledge of the biodiversity of micro-
organisms in mats and identification of oil sensitive, oil tolerant and oil loving species and
communities may help to select effective strategies for the bioremediation of oil pollution in
coastal zones.

A DNA fingerprint was determined of nine selected microbial mat communities that were
exposed to different levels of oil pollution. PCR-DGGE-Sequencing analysis of 165 rRNA gene
fragments revealed information on the species richness of the community and on the identity of
the organisms that were present in the samples (see figures).

The DGGE banding patterns were unique for every site we sampled, reflecting differences in
environmental parameters on a large scale (different locations) and on a smaller scale (different
sites on the same location). By focussing on the mats in Etang de Berre (ET1, ET2, ET3), which
were subjected to the same climatic conditions (temperature, light intensity) and only differed
in the degree of oil pollution, we can observe trends that are related to oil pollution.

Diatom algea (e.g. Skeletonema sp.) were abundant in the slightly polluted mat, present but
not abundant in the medium polluted mat and absent in the heavily polluted mat. The
cyanobacteria Phormidium sp. and Planktotrix sp. were present in slightly and medium pol-
luted mats but could not persist in the highly polluted mat. The only oxygenic phototrophs that
were able to cope with the heavy oil pollution were affiliated to the cyanobacterium
Oscillatoria sp., and to the Prymnesiophyte algea Isochrysis sp. From culture work it is known
that Isochrysis galbana is able to take up naphthalene. There were no field data of
Prymnesiophyte algeae as indigenous parts of microbial mat communities. According to the
common idea, these pelagic algea bloom in the overlaying waters and reach the microbial mat
surface due to sinking. However, a study of lipid biomarkers in microbial mats by MAT-
BIOPOL colleagues did indicate the presence of indigenic alkenone containing algea, such as
Prymnesiophycea, but efforts to isolate these organisms from mats have not been successful.

Conclusions

QOil pollution affected the species composition of cyanobacteria and algea in microbial mats:
Diatom algea (e.g. Skeletonema sp.) were abundant in the slightly polluted mat, present but not
abundant in the medium polluted mat and absent in the heavily polluted mat. The cyanobacte-
ria Phormidium sp. and Planktotrix sp. were present in slightly and medium polluted mats but
could not persist in the highly polluted mat. The organisms that were able to cope with the
heavy oil pollution were affiliated to the cyanobacterium Oscillatoria sp., and to the
Prymnesiophyte algea Isochrysis sp.
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EXTERNAL PROJECTS OF THE DEPARTMENT OF MARINE ECOLOGY

Role of non-phytoplankton food for zooplankton in the North Sea (ALW-NWO).

M.A. Baars

Mortality of marine phytoplankton in ecosystems with contrasting trophic status (oligotrophic vs
eutrophic) (ALW-NWO).

C.P.D. Brussaard

The chemical composition and reactivity of bacterially derived dissolved organic carbon (DOC) and its
contribution to the bulk oceanic DOC pool (ALW-NWO).

G.J. Herndl

Ecological role and diversity of planktonic bacteriophages in the North Sea and the Wadden Sea. (ALW-
NWO).

G.J. Herndl

Transformation of dissolved organic matter (DOM) in the North Atlantic Deep Water and intermediate
waters: assessing the functional and phylogenetic variability of marine bacterioplankton communities
in relation to the quality of DOM (TRANSAT) (ALW- NWO).

G.J. Herndl

Bacterioplankton cell death: competition between flagellate grazing and viral lysis and the role of bac-
terioplankton cell wall-derived dissolved organic matter in the ocean (BADE) (ALW- NWO). G J.
Herndl

Composition of dissolved organic matter and its interaction with metals and ultraviolet radiation in
river-ocean systems: impact on the microbial food web (COMET, 5th FWP of the EU). Coordinator: G.J.
Herndl

Structure and role of biological communities involved in the transport and transformation of persistent
pollutants at the marine AIR-Water Interface (AIRWIN, 5th FWP of the EU). G.J. Herndl

Bacterial single-cell approaches to the relationship between diversity and function in the sea (BASICS,
5th FWP of the EU) GJ. Herndl

Application of capillary electrophoresis for isolating bacteria and assessing ectoenzyme diversity and
kinetics (ACE, Marie Curie Training Site Fellowship) G.J. Herndl

Role of Microbial Mats in bioremediation of hydrocarbon polluted coastal zones (MATBIOPOL, 5th
FWP of the EU). J. van Bleijswijk & G. Muyzer

Preparation and Integration of Analysis Tools towards Operational Forecast of Nutrients in Estuaries of
European Rivers (PIONEER, EU-MAST 1ID). P. Ruardij

The ecological role of the bacterial capsule. (Austrian Science Foundation). K. Stoderegger

The linkage between nano/picoplankton production and reef cryptic fauna: a key process in degrading
reefs? (WOTRO-NWO). F.C. van Duyl, R.P.M. Bak

Biological control of harmful algal blooms in European coastal waters: role of eutrophication (BIOHAB,
5t EWP of the EU). M. Veldhuis

Iron Resources and Oceanic Nutrients — Advancement of Global Environment Simulations (IRON-
AGES, 5" FWP of the EU). M. Veldhuis
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THE DEPARTMENT OF MARINE ECOLOGY AND EVOLUTION

RESEARCH THEMES

The department of MEE aims to assess the relative role of bottom-up (food input) and top-
down (predation) processes in structuring benthic communities, ranging from the shelf mar-
gin to the intertidal. The general approach that is followed and which is also one of the great
challenges in modern ecology, is to try to understand the structure and dynamical behaviour
of populations and communities on the basis of characteristics of individual organisms.
Research methods include field observations, including long-term (and wide range) surveys;
manipulative field experiments, e.g. using new lander technology; laboratory experiments,
e.g. using the experimental large-scale tidal facilities; and modelling.

Basically, within the department three different systems are studied: the benthic commu-
nities of the tidal flats in the western Wadden Sea; the benthic community of the North Sea
and continental shelf margin; and the tropical reef communities in the Caribbean and
Indonesia.

The first system has the advantage that these communities are relatively species-poor and,
in terms of biomass, dominated by only a few species. This means that the problem of com-
plexity, which is a major obstacle in linking community behaviour to individual characteris-
tics, may be less severe. At Balgzand, only four species (three bivalves and one polychaete
worm) account for 80% of the total biomass of the infauna. Detailed individual-based stud-
ies focus on these four most abundant species: the soft-shelled clam Mya arenaria, the cockle
Cerastoderma edule (filter-feeders), the balthic tellin Macoma balthica (a filter/deposit
feeder), and the lugworm Arenicola marina (a deposit-feeder). Furthermore, four of the most
dominant predators are studied in detail: the crustacean predators brown shrimp Crangon
crangon and shore crab Carcinus maenas, the plaice Pleuronectes platessa, a flatfish, and the
red knot Calidris canutus, an avian predator.

In addition to the detailed individual-based studies, long-term studies are being per-
formed in all three study systems. In the Wadden Sea these series already started in the late
1960s. These long-term studies focus on the population dynamics of the benthic fauna and
their predators, the food conditions for the benthic fauna, and on environmental conditions,
such as water temperature and salinity. They provide an important mean for generating and
validating hypotheses on the structuring processes in marine ecosystems.

Recent developments in the employment of landers that can be installed at the seafloor
for longer periods, enables advanced manipulative experiments at the seafloor that were
hitherto beyond reach. For example, in situ mesocosms can be installed, in which the
amount of food input can be manipulated. This implies that the experimental approach, so
far only possible on the tidal flats, can now also be followed in our second area of interest,
the shallow parts of the North Sea.

The work within the department can be divided in three themes that are closely connected:

(A) The structuring role of top-predators in marine ecosystems

(B) Recruitment and dispersal in relation to spatial and genetic structure of benthic inverte-
brate populations

(C) Dynamic energy budgets, life-history strategies and implications for competitive rela-
tionships

(A) The structuring role of top-predators in marine ecosystems

One of our main working hypotheses is that predation and other “top-down” processes may
have cascading effects through the benthic foodweb. This may work directly, that is preda-
tors exhibit a serious impact on the mortality patterns of their prey and on the dynamics of
the prey populations. The effect of predators may also work indirectly through the occur-
rence of predator-avoidance mechanisms. There is ample evidence of a widespread occur-
rence of predator-avoidance mechanisms in the marine environment, e.g. toxic algae (physio-
logical response), gelatinous plankton (morphological response), deep-burying bivalves
(behavioural response), early-maturing fish (life-history response), etc. This work is mainly
performed in intertidal areas (Wadden Sea), with the knot Calidris canutus as the most
important model organism.

(B) Recruitment and dispersal in relation to spatial and genetic structure of benthic invertebrate populations

Competition for food and other resources, both intra- and interspecific, may also play a
major role in determining community processes. Special attention with respect to competi-
tive processes is paid to adult-juvenile interactions in benthic organisms. Particularly the
period around the settlement of the recruits may be of utmost importance in population reg-
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ulation. Henceforth the department increasingly focuses on recruitment processes (e.g. set-
tlement inhibition by adults). Recruitment studies are performed in both intertidal systems,
shallow coastal seas and in coral reef communities.

Thus far it has been impossible to perform manipulative experiments on the shelf sea
floor, but recently developed autonomous “permanent” bottom landers form a promise,
since they provide data series over periods of months. Past experiences gained by the depart-
ment with construction and implementation of deep sea landers have paved the way for a
new type of autonomous lander which is capable of sampling planktonic stages of benthos
and simultaneously exposing (genuine or manipulated) substrates, while measuring a suit of
environmental variables. The new landers allow study of topics, such as the effect of plank-
tonic larval abundance on settlement success, hitherto unable to tackle in deeper water.

Another important development in marine benthic ecology is the incorporation of molec-
ular genetics in ecological work. The easy accessibility of molecular techniques over the last
decade has already allowed ecologists to describe patterns of genetic variation within and
among populations. In itself such descriptions may not be very interesting, but when placed
in a general ecological setting, these techniques are already very promising. One example
concerns the apparently open character of most marine benthic populations. Most marine
benthic animals have dispersive propagules and when studying a local population it usually
remains unclear how much real immigration occurs when settlement takes place. Both
molecular techniques and marking methods may help to unravel these problems of open
systems. The techniques are already available at the NIOZ and intensively used by (popula-
tion) scientist from all groups (benthic invertebrates, corals) within the MEE department.

(C) Dynamic energy budgets, life-history strategies and implications for competitive relationships

At the level of the individual, interest is directed towards the performance of individual
benthic organisms (e.g. their growth and fecundity, or more generally their energy budgets)
in response to external factors, e.g. food availability and physical factors, and the conse-
quences of choosing a specific (energetic) strategy for competitive interactions. Filter-feed-
ing bivalves are one of the main study objects. Research basically follows an experimental
approach, which is greatly facilitated by the possibilities within the newly renovated aquar-
ium building.
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BENTHOS AND BIRDS ON TROPICAL INTERTIDAL MUDFLATS: THE JUNE 2002 MAPPING EFFORT IN
ROEBUCK BAY, NORTHWEST AUSTRALIA

Sites Sampled
June 7 - 25
389 in the North
591 in the South

Fig. 1. Roebuck Bay near the town of Broome

with sampling effort in dots.

Contributors: Theunis Piersma, Marc Lavaleye, Petra de Goeij, Pieter Honkoop & Tanya
Compton

There are few places on earth where soft bottom intertidal mudflats support large numbers of
migratory shorebirds. Roebuck Bay is probably one of less than only twenty scattered around
the globe. The features that characterise this Bay and make it so outstanding are varied and
complex. They have also been the subject of considerable scientific and community investiga-
tion in recent years. This unusual collaboration between science and community has been the
catalyst for some exceptional efforts to map the nature and distribution of the sediments of
Roebuck bay.

Roebuck Bay is indeed one of the wetland wonders of the northern part of Western
Australia. The intertidal foreshore of the Bay stands out for its importance as a key nonbreed-
ing area used by arctic-breeding shorebirds. About 150,000 roosting shorebirds have been
counted in recent years. Although it is widely agreed that most species use the intertidal fore-
shore as their feeding area, only recently have studies been conducted on the feeding distribu-
tion and the behaviour of shorebirds, or the nature of their food resources at Roebuck Bay and
Eighty Mile Beach.

This information is essential if we are to conserve the immense and internationally shared
natural values of these important shorebird sites, and to find informed compromises between
the increasing use of the foreshore by the ever increasing human population in the Broome area
and their use by the beasts and the birds. A large proportion of the world’s Great Knots
(Calidris tenuirostris) depends on (very specific portions of) Eighty Mile Beach and Roebuck
Bay for moult, survival and fuelling for migration. This is also true for perhaps all the Red
Knots (Calidris canutus piersmai) and Bar-tailed Godwits (Limosa lapponica menzbieri) of spe-
cific, reproductively isolated and morphologically and behaviourally distinct subspecies. The
intertidal macrobenthic community of Roebuck Bay is likely to contain unique species and
species assemblages. Some of these species will be new to science. It is clear, however, that
much more work on the extensive collections of specimens made during this and previous
expeditions is required to establish this for a fact.

The present project builds on the logistical methods and the techniques developed and used
so successfully during the co-operative intertidal benthic invertebrate mapping project in
Roebuck Bay in June 1997 (ROEBIM-97), the benthic invertebrate mapping effort along the
Eighty-mile Beach foreshore in October 1999 (ANNABIM-99), and the low tide shorebird count-
ing methods developed by Danny Rogers (a PhD student of shorebird foraging at Charles Sturt

University) in Roebuck Bay from October 1997 onward. In the period 7-26
June we mapped both the invertebrate macrobenthic animals (those
retained by a 1 mm sieve) over the whole intertidal area of Roebuck Bay
(Fig. 1) and the shorebirds that depend on this food resource. Our prime
focus were the eastern and southern mudflats had not been visited and
mapped before; it is this southern region of the Bay that gave the project the
name SROEBIM-02, the Southern Roebuck Bay Invertebrate and bird
Mapping project 2002. In addition to the mapping efforts, as a reach-out to
the Broome community the project incorporated the ‘Celebrate the Bay
Forum’ on 8 June in the Town Hall of Broome. This one-day event was vis-
ited by about 150 people and was widely considered successful.

Our team comprised 140 participants of which 106 volunteers (9
Landscope expeditioners, 65 local volunteers, 11 logistical support crew, 11
science volunteers). There were 8 scientific co-ordinators (in addition to the
contributors there were Grant Pearson from CALM, Shirley Slack-Smith
from the Western Australia Museum, Danny Rogers from Charles Sturt
University, and Bob Hickey from Central Washington University). We vis-
ited almost 1000 sample stations laid out in a grid with 400 m intersections
in the eastern and southern parts of the Bay and 200 m intersections in the
north (partly covered in 1997 and 2000). In addition, dredge samples were
taken in various parts of the Bay (Fig. 1).

Navigating by GPS, teams of 2-4 people visited each of the stations based
upon the geographical coordinates that were pre-assigned to them. At each
station 3 corers made of PVC-pipe were pushed down to a depth of 20 cm
(less if the corer hit a hard shell layer below which we expect no benthic ani-
mals to live), and the core samples, each covering 1/120m , removed. The
samples with a total surface areaof 1/40m  were sieved over a 1 mm mesh
and the remains retained on the sieve placed into a plastic bag, to which a

waterproof label indicating the station was added. At the same time a sedi-
ment sample was taken with a depth of 10 cm and a diameter of 4.4 cm (sur-
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Fig. 2. Distribution of Anomalocardia squamosa in
Roebuck Bay in June 2002.

face area=1/650m ), stored in a labelled plastic bag and kept at outside
temperature for transport to the laboratory. In the field, records were made
of the nature of the sediment (varying from mud to coarse sand), the pres-
ence or absence of shell layers and a visible oxygenated layer, the penetra-
bility (depth of footsteps made by an average person, in cm), and the pres-
ence of visible large animals on the mud surface, the sort of animals (sand
dollars, mudskippers) that are easily missed by our sampling technique.
The sheets also allowed us to record which of the predetermined stations
were actually visited, the names of the observers and the times of sampling.

The ‘biological samples’ were taken back to the Broome Bird
Observatory, stored in a fridge at 4°C for a maximum of 1.5 days, and
sorted in low plastic trays. All living animals were then kept in seawater,
again at 4°C for a maximum of one day, upon which they were examined
under a microscope and all invertebrates were assigned to a single taxo-
nomic category. At the same time the maximum length (in case of molluscs
and worm-like organisms), or the width of the core body (in brittle stars),
was measured in mm. The latter information will be used to produce pre-
dictions of the benthic biomass values using existing predictive equations.
Of all the different taxa, a reference collection was made for more detailed
study of the species at a later stage.

In the course of digging up, sieving and sorting the mudsamples from all
the stations, we identified and measured more than 12,000 individual inver-
tebrates. These animals represented 205 taxa at taxonomic levels ranging
from species (bivalves, gastropods, brachiopods and echinoderms), families
(polychaete worms, crustaceans and sea anemones) to phyla (Phoronida,

Sipuncula, Echiura, Nemertini, Hemichordata).

In total 48 species of bivalves were found in the quantitative samples.
In the quantitative samples, Siliqua pulchella had the highest score of the
bivalves with a presence of 16% of the stations, especially in the muddy
regions in the east. This abundant species (because of its fragile shell it is

never found on the beach) does not receive mentioning in the two recent Australian bivalve
books, reflecting the fact that Australian mudflats were not very well studied up to now. The
family Tellinidae and Veneridae contain the highest number of species, with respectively 11 and
10 species. Most of the Veneridae were rather rare, except for Anomalocardia squamosa (Fig. 2).
In the family Tellinidae, however, 5 species are rather common, especially Tellina amboynensis
(Fig. 3). Another rather common species, Tellina ‘exotica rose’ was not found in our previous
surveys of the bay in 1997 and 2000 (Fig. 4). Still another Tellina species newly recorded in the
bay was discovered by accident on a sand bank in the south when a hovercraft stranded with

Tellina exotica "rose"

Tellina amboynensis
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Fig. 3. (left) Distribution of
Tellina amboynensis in
Roebuck Bay in June 2002.

Fig. 4. (right) Distribution of ,
Tellina ‘exotica rose’ in 3

Roebuck Bay in June 2002.
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skirt problems. These two new findings of Tellina species makes the ques-
tion why there are that many species of these family in the bay even more
intriguing. Tanya Compton, a PhD student with the University of
Groningen and NIOZ, started her 4 year research during SROEBIM to
resolve part of this biological problem.
Roebuck Bay is famed for its shorebirds. The importance of the area as a
feeding ground for non-breeding shorebirds was the original stimulus for
the research now in progress on the benthos of the intertidal flats. This
being the case, it seemed like a good idea to map the shorebirds of the bay
as we mapped the benthic fauna, to see how the distribution of birds and
benthos are
related. To map
the birds, the
northern bay was divided into grid

photo’s by Jan van de Kam squares, each 200 m long; in the
centre of each grid square was a
benthos sampling site. Birds in each
grid square were identified and
counted, a combination of GPS and
an optical method being used to
judge where the boundaries of each
grid square occurred. In southern
and eastern Roebuck Bay a 400 m
benthos grid was used. Ideally bird
mapping should be done on reced-
ing tides by observers who time
their transects so they reach the
waterline at the slack water period
of low tide. This approach reduces
the scatter in the data caused by
birds moving in response to tidal
changes. In the southern bay there
were logistical constraints that
meant we had to map on rising tides. In the eastern bay, very muddy substrates prevented
teams from performing traditional surveys on foot. However, we managed to get a reasonable
idea of how many birds were feeding at the sea-edge in the eastern bay by spending two days
in the hovercraft, mapping the birds at the shoreline during low tide.

The Great Knot distribution map (Fig. 5) illustrates perhaps the most startling trend shown
in the distributional data. In previous surveys, large numbers of Great Knots had always been
found feeding at the sea edge along the northern shores of Roebuck Bay. During June 2002
hardly any Great Knots were found in this
area. This was not because of a lack of birds;
Great Knots have long delayed maturity in
Roebuck Bay, so dry season counts should be
reasonably high, consisting as they do of not
only one-year old immatures, but also two-
year olds and some three-year olds. Indeed,
large numbers of Great Knots were found
roosting on the easternmost northern beaches.
However, these birds probably came from the
eastern coast of Roebuck Bay, where large
numbers of Great Knots were seen feeding
along the sea-edge during surveys performed
from a hovercraft. The causes of this east-
wards shift in the feeding distribution of Great
Knots, which was mirrored in several other
shorebird species, is not yet clear. There had
certainly been some changes in the western
flats of Roebuck Bay — most noticeably a loss
of seagrass meadows on the Dampier Creek
flats, perhaps as a result of cyclone Rosita in
April 2000. Perhaps there were also changes in s
benthic composition that made these western - -
flats a less attractive place to feed? P Ao suz e a e
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Fig. 5. Distribution of Great Knots Calidris tenuirostris in Roebuck Bay in June
2002.
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FROGS: FRONTAL ORGANIC MATTER GOVERNING BENTHIC ECOSYSTEM STRUCTURES (NEW ZEALAND)

A strange isopod
(Acutiserolis sp.) of 4 cm
from 2300 m depth.

The Chatham Rise, east of
New Zealand, with the
sampled stations on a
north-south transect. The
ALBEX-landers have been
deployed at about 3000m
for more than a year at the
two "mooring-sites".

The Orange Roughy, a commercial deep-
sea fish in New Zealand waters

Contributors: Gerard Duineveld, Marc Lavaleye & Rob Witbaard

In a cooperation between NIWA (National Institute of Water and Atmospheric Research, New
Zealand) and NIOZ, 3 cruises with the RV. Tangaroa were carried out in Oct. 2001 and in March
and November 2002 to the oceanic Subtropical Front east of New Zealand. The purpose of this
multi-annual NIWA project is to study the spatial and temporal variation in the particle export
from the front to the deep sea floor and the ways in which this affects the composition and
activity of the benthic community. As these frontal zones are considered to act as a strong
regional carbon sink in the global carbon cycle, it also serves a global interest to study these
systems in much more detail. The study area was east of New Zealand where the STF is topo-
graphically fixed by the relatively shallow Chatham Rise (CR). Above the Chatham Rise warm
nutrient-poor but Fe-rich subtropical water meets colder nutrient rich, and Fe-poor subantarctic
water. The Chatham Rise is an important area of deep-sea fisheries, which is indicative of the
high biological production in the overlying waters. Apart from the commercial fish stocks,
however, little was known on the sediment and the infauna at the rise and about the influence
of the overlying front on biodiversity in general.
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In combination with and in close vicinity of NIWA sediment trap moorings,
two ALBEX landers were deployed for a total period of 1 year. Instrument pack-
ages on the NIOZ landers consisted of flux chambers, sediment trap, optical
backscattering sensors, current meters and video. The combined deployments of
NIWA and NIOZ instruments will enable us to trace the fate of particles and
events occurring in the top of the water column down to the seafloor. In conjunc-
tion with these measurements, an inventory was made of the benthic infauna and
epifauna across Chatham Rise by scientists of NIWA, Dunedin University and
NIOZ using grabs and trawls. The role of individual taxa in the sequestering algal
carbon was assessed by in-situ experiments with labeled algal tracers and gut
contents analyses of algal pigments and derivatives.

The benthic epifauna on the slopes of Chatham Rise was sampled and filmed
with a NIOZ video trawl at depths between 350 m and 2800 m the latter being the
first records from these large depth. Not surprisingly several species new to the
New Zealand fauna were found. Trawling showed an enhanced epifauna biomass
on the upper part of the southern slope of CR between 350 and 1200 m depths.
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The same zone was found to be covered with an exceptionally thick layer of diatomaceous fluff
during the cruise. Such dumps had not been recorded previously and might not be incidental
judging from the elevated biomass. Part of the phytodetritus is consumed by the benthic organ-
isms, as we found in animal guts and in the level of sediment oxygen fluxes. However, we
observed that tidal currents caused rhythmic resuspension of the fluffy layer (Fig. #) and fur-
ther transport most likely to much deeper water surrounding CR. Downward transport of the
phytodetritus implies a delayed transfer of carbon back to the productive surface layer. The
data from the 1y deployment of the NIOZ landers at 3000 m depth north and south of CR will
show whether this transport takes place and the effect it has on the activity of the abyssal sedi-
ments.

A seacucumber (Elpidiidae)
recorded swimming at 3000 m
depth.

The two ALBEX-landers on
board of the RV Tangaroa
(NIWA, New Zealand)

DEPARTMENT OF MARINE ECOLOGY AND EVOLUTION



FEEDING ECOLOGY AND THE DIGESTIVE TRACT: COMPARISONS AMONG WADERS
Contributors: Phil Battley & Theunis Piersma

Previous work at the NIOZ has demonstrated that the stomach size (which is important for
shell crushing and hence food processing rate) of red knots Calidris canutus depends on the
ecological context. Captive birds feeding soft food pellets have stomachs that are very small,
while wintering birds (processing large amounts of hard-shelled molluscs) have much larger
stomachs. Based on a large database of wading bird body composition we can now summarise
the annual changes in the gizzard mass in the subspecies of knot that winters in the Dutch
Wadden Sea (islandica). Birds in winter have the large stomachs typical of the ‘high-energy

stomach mass (g)

Changes in the stomach mass of red knots of the
subspecies islandica through the annual cycle, with
indications of diet type and general activity. Sample
sizes are given above each box. The photo by Jan
van de Kam shows knots foraging on snow-free 0k

. . i en ea Iceland a . enea
tsl::glrla, a time of the year that their stomachs are [ate IRt erfuward iostan early southward moulting

breeding migration early winter

hard-prey’ situation. Stomachs get smaller before migration to Iceland, increase during refu-
elling then reduce again to minimise mass during flight. On the breeding grounds in Canada,
when prey are soft and energy demand is lower than in winter, gizzards remain small. It is
only once birds are back in The Netherlands, with rising energy demands and hard prey, that
stomachs enlarge again. Data such as these are currently being integrated into models that pre-
dict gizzard mass on the basis of energy demand and prey quality (Jan van Gils, MEE). We are
nearing the point of being able to model digestive organ mass, which has important functional
and energetic implications, for different subspecies or populations of knots around the globe.

stomach __intestine_ liver

(log) mass (g)

14 1.8 22 26 3.0 14 1.8 22 26 3.0 14 1.8 22 26 3.0
Allometry of the fresh masses of stomach, intestine (log) body mass (g)
(the entire but emptied intestinal tract) and liver in _—

41 species of wader from four different families,
assigned to four different diet ‘hardness’ cate-
gories. For three species with large body size dif-
ferences between the sexes (ruff, Eurasian curlew
and bar-tailed godwit), males and females were
handled as separate entities, bringing the effective
sample size to 44 taxa. The lower three panels
show the log mean organ masses adjusted for dif-
ferences in body mass for the four diet categories.
Diet categories sharing the same letter do not differ . %
statistically. Covariance analyses found no evi- % 2
dence for organ mass differences at the family disttyp
level.

(adjusted mean)
(log) mass (g)
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Great Knots being dissected. The fat bird on the left was caught before
migration from Australia; the lean bird on the right had just arrived after a

long flight to China.

Within knots, there is a clear, strong relationship between prey type and gizzard mass. Inan
interspecific comparison we tested whether such effects are evident across a wide range of
shorebirds, and in organs other than the gizzard. For 41 species of shorebird that have been
compositionally analysed (around one fifth of the world’s waders), we categorised the diet of
each of species on the basis of stomach and intestine contents and reports in the literature. A
priori we assigned scores to the diets, ranging from 1 (only soft prey items such as polychaete
worms, or extracted shell flesh as in oystercatchers), 2 (a mix of soft prey and soft-cased arthro-
pods), 3 (mainly arthropods) to 4 (predominantly hard-shelled mollusc prey). In view of an
interspecific correlation between stomach and intestine size shown previously from a smaller
number of wader species (approximately half that of this analysis), a harder diet should also
lead to a larger intestine.

The second figure shows the allometric scaling of organ mass against body mass (both log-
transformed). For stomach mass, increasing diet hardness clearly leads to a heavier stomach,
with the adjusted stomach mass for species eating hard-shelled prey being more than double
that of species eating soft prey. The mollusc-eating species (category 4) had larger intestines
than the species with intermediate diets (2 and 3). As expected, there were no differences in the
relative size of the liver between the different diet categories (liver mass is generally correlated
with energy turnover and fat metabolism than with prey characteristics).

The finding that hard prey leads to larger intestines suggests a mechanical ‘protection’ role
rather than a strict processing effect (within species, intestines are known to change size as a
result of changes in food intake). The mollusc-eating species (red and great knots, surfbirds,
purple and rock sandpipers) all crush their prey in their gizzards, and the hard and sharp frag-
ments are passed through the gut. Itis presumably the specific prey types, rather than the gen-
eral hardness, that influences the changes in intestine size. Given that the digestive organs are
energetically expensive, there may be additional maintenance costs associated with feeding on
hard prey. Incidentally, the red knot had proportionately the heaviest stomach of any species
studied, explaining why it is also the species with the clearest gizzard mass reductions before
migration.
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THE NETHERLANDS MARINE RESEARCH FACILITIES (MRF)

Contributor: Marieke J. Rietveld

MRE advises the Earth and Life Sciences Board (GB-ALW) of NWO on the technical, logistic
and financial aspects of the execution of the National Programme for sea research. When sea-
going projects have been approved and granted by GB-ALW, MRF helps the chief scientists in
the planning, preparation and execution of the cruises. MRF also advises GB-ALW on long-
term investments, in consultation with the financial department and technical services of NIOZ
and advisory committees on CTD systems, Auto-analyser systems, Moored instrumentation
systems, Bottom sampling and seismic systems and Biological sampling systems. In these advi-
sory committees scientists and technicians from all Dutch scientific groups involved in sea-
going research participate.

In June 2002 the updated Long Term Plan on seagoing Marine Facilities 2001 — 2005 was
submitted to the NWO advisory Committee for Marine Facilities (CMF). The Long Term Plan
will be updated every year.

In 2002 the National Programme consisted of:

1. PASS-2/BIODEEP, Palacoceanographic, Palaeoclimatic, Palaeo-environmental and diage-
netic Aspects of Sapropel formation in the Eastern Mediterranean with emphasis on the
most recent S1 (PASS-2). Project manager and cruise leader Dr. GJ. de Lange, Institute of
Earth Sciences, Utrecht University. The project is the sea-going contribution to the EU-pro-
gramme Sapropels and Paleoceanography (SAP) in combination with the EU-project
BIODEEP. The overall aim is a better understanding of the (paleo)functioning of the Eastern
Mediterranean and to determine the role in the global environment by studying the charac-
teristic biogeochemical processes. The Project is a co-operation with Italian research groups.
This year field work took place on board of the Italian research vessel URANIA.

2. PLUME & BLOOM, the Role of non-phytoplankton food for zooplankton in the North Sea.
Project manager and cruise leader Dr. M. Baars (NIOZ). This multidisciplinary Frisian Front
programme concentrates on both the nutrient, turbidity and plankton dynamics in the East
Anglian Waters as well as on the resulting blooms and secondary pelagic consumption and
production downstream over the Frisian Front. In 2002 a 12-day research cruise was carried
out on board R/V PELAGIA in August.

3. CANOBA (The Continental Shelf Pump: a pilot study in the North Sea). Project manager and
chief scientist Dr. H. Thomas (NIOZ). This project aims to test the hypothesis of a continental
shelf pump for the uptake of CO2 from the atmosphere and the subsequent transport to the
open ocean in the North Sea. Two 26 day cruises were carried out on board RV PELAGIA,
one in the winter (February/early March) and one in spring (May) covering the whole of the
North Sea.

4. EMIR (Enhanced Carbon Mineralisation rates in permeable sandy sediments). Project man-
ager and chief scientist Dr. ir. W. van Raaphorst (NIOZ). This project studies the role of
sandy sediments in carbon cycling. A 17 day cruise was carried out on board RV PELAGIA
in June 2002 in the nearby North Sea.

5. TRANSAT (Transformation of dissolved organic matter (DOM) in the North Atlantic Deep
Water and intermediate waters). Project manager Prof.dr. G. Herndl (NIOZ). This project
aims to determine the structural changes in the bacterioplankton community and the dis-
solved organic matter (DOM) in the North Atlantic Deep Water (NADW) over a timespan of
around 50 years. A cruise was held in the North Atlantic Ocean from the
Greenland/Iceland/Norwegian (GIN) Sea towards the Azores during 26 days on board R/V
PELAGIA covering a distance of approximately 5000 km.

6. FORAMS (The role of Foraminifera in Benthic Food Webs and the Marine Carbon Cycle).
Project manager Dr. L. Moodley (NIEE-CEME). The purpose of this project is to establish the
role of foraminifera in the benthic carbon cycle and food web using stable isotope tracers in
mesocosm experiments. A 6 day cruise was performed on RV PELAGIA in mid April.

7. MOMAP (Mortality of marine phtoplankton in ecosystems with contrasting trophic status
(oligotrophic vs eutrophic)). Project manager Dr. Corina Brussaard (NIOZ). This project has
three main goals: first to elucidate the ecological role of phytoplankton cell lysis in systems
along a large trophic gradient. Secondly, to identify and understand the mechanisms control-
ling phytoplankton mortality. Thirdly, to comprehend the effects of environmentally relevant
variable on the different algal mortality processes. A 14 day cruise on board RV PELAGIA
was done in the second half of April.
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Map of the transect sailed for the TRANSAT cruise from the GIN sea to the Azores.
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Advice to GB-ALW for the National Programme 2003:

For the ongoing TRANSAT project (Transformation of dissolved organic matter (DOM) in the
North Atlantic Deep Water and intermediate waters; project manager Prof.dr. G. Herndl,
NIOZ) a cruise was advised in the North Atlantic Ocean from Bermuda towards the
Greenland /Iceland /Norwegian (GIN) Sea during 26 days on board R/V PELAGIA.

For the ongoing MOMAP project (Mortality of marine phytoplankton in ecosystems with con-
trasting trophic status (oligotrophic vs eutrophic); project manager Dr. Corina Brussaard,
NIOZ) a 14 days cruise on board RV PELAGIA was advised to take place in July in the North
Sea.

The 2003 cruise for the long term PASS-2 project (project manager Dr. G. de Lange, UU) will
take place on board the Italian RV UNIVERSITATIS in an 16 day cruise in June/July in the
Mediterranean.

For the new BADE project (Bacterioplankton cell death: the diel variations in microbial activ-
ity in the surface layers of the Western Mediterranean Sea gyre as influenced by ultraviolet
radiation; project manager Prof.dr. G. Herndl, NIOZ) a 21 day cruise was advised in the
Western Mediterranean on board RV PELAGIA.

For the ODP proposal 549-Full2 (project manager Dr. ].W. Zachariasse, UU) a preparative
cruise was advised in June 2003 for 12 days on board the UK research vessel RRS CHARLES
DARWIN.

For the new EUROCORES projects EUROMARGINS and MEDIFLUX/NAUTINIL cruises
were advised on RV PELAGIA for 30 days on the Rockall /Porcupine and in the Shetland
Channel for EUROMARGINS and on the French RV L’ATALANTE with the submersible NAU-
TIL of IFREMER for 30 days in the Eastern Mediterranean and Nile Delta for NAUTINIL.

For the NWO big-investment grant for the LOCO project (Long-Term Ocean Climate
Observations) three cruises were advised. One cruise for LOCO/IW (Internal Waves; project
managers Dr. H. van Haren and Dr. L. Maas, NIOZ) in February /March for 26 days in the
Canary Basin on board RV PELAGIA; one cruise for LOCO/North Atlantic (project manager
Dr. H. van Haren, NIOZ) for 4 days in the Irminger Sea in combination with the NIOZ CLIVAR
cruise CAMP in the North Atlantic on board RV PELAGIA and for LOCO/Mozambique (proj-
ect manager Dr.ir. H. Ridderinkhof, NIOZ) in November for 6 days on board the UK research
vessel RRS CHARLES DARWIN in the Mozambique Strait.

M.J. Rietveld, member and secretary of ISOM, participated in the 16th meeting of the
International research Ship Operators Meeting (ISOM), at FIMR in Helsinki, Finland. She also
participated in the 4th European Research Vessel Committee (ERVO) meeting in Bergen,
Norway:.
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The total effort in terms of ship days and personnel involved in 2003 is given in the table.

Project ship days scientists students MRF support  others
1 PASS-2/BIODEEP 18 6 4
2 PLUME&BLOOM 12 7 2 5 2
3 CANOBA-3 26 2 7 2
CANOBA-4 26 4 7 2
4 EMIR-2 17 8 2 4
5 TRANSAT 26 9 3 3
6 FORAMS 6 9 1
7 MOMAP 14 9 4 2
Total 145 54 25 23 2
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DATA MANAGEMENT GROUP
Contributors: T.F. de Bruin, R. X de Koster, M.A. Hiehle, J. Nieuwenhuis, H. Ridderinkhof

The Data Management Group (DMG) is a separate group within the department of Physical
Oceanography, funded by ALW and NIOZ.

It has a national role as data centre for the academic oceanographic community. It also acts as
National Antarctic Data Centre (NADC).

The main tasks of the DMG are to:
* assist scientists during all phases of a project with data handling
e archive and keep available all relevant data of ALW and NIOZ’ cruises.

The DMG maintains a series of databases and project web sites. Part of these are dynamically
linked.

The year 2002 can be characterized by a consolidation and continuation of DMG’s main activi-
ties: data collection, —processing and - archiving, data exchange through Internet and other
media and end-to-end datamanagement.

Staff of the DMG participated in three cruises, notably in the TRANSAT and the ROCS-cruises,
as well as in several 24-hours cruises within the Marsdiep-project. Part of the post processing of
the CTD data for these and other cruises, was carried out by the DMG.

During the MOMAP and IRONAGES cruises, the DMG assisted the scientists onboard with
the delivery and interpretation of remote sensing data and other information, in cooperation
with M. Wernand.

All relevant digital data, collected during the Pelagia cruises, have been archived on CD-
ROM and are stored in a safe, for use in case of an emergency.

Besides this archive on CD-ROM the DMG also maintains a series of databases, most of these in
connection with project web sites.

During 2002 finalised CTD data from several cruises have been added to the central Codis
database, which now contains over 3500 CTD profiles. A structure has been developed to incor-
porate VMADCP and LADCP data into the Codis database.

In 2002 the Wadden Sea Colour web site was added to the project websites which are built and
maintained by the DMG (see annual report 2001). For this web site dedicated data retrieval
software has been developed.

To increase efficiency and to enable an easier and more powerful maintenance, most project
web sites have been ported to Dreamweaver.

Many of these web sites used to be dynamically linked to FTP areas, permitting easy data
exchange amongst participants of a particular project. But the installation in 2002 of new fire-
wall software, prohibiting the use of the FTP protocol, made a new approach necessary. All
project web sites using FTP were redesigned using the htaccess protocol, ensuring the same
facilities and functionality for the scientists.

Many requests for data, both from within the institute as from outside, were answered. These
request are very diverse and range from questions on whales to requests for complete cruise
data sets. Answering these requests fits perfectly in the end-to-end-datamanagement philoso-
phy, adopted by the DMG since its inception. This philosophy has gained world wide accept-
ance, as was made clear during the Ocean Data Symposium at the end of the year in Brussels.
Two members of the staff participted in this oceanographic data management symposium.

The DMG represents NIOZ and the Dutch academic oceanographic community within the
National Oceanographic Data Committee (NODC). T. F. de Bruin is the NODC Secretary.

As participant in the NODC, NIOZ participates actively in international projects and bodies
like the EU-Seasearch project, the IOC Committee on International Oceanographic Data and
Information Exchange (IODE) and the ICES-Marine Data Management group.

Furthermore, web sites for the secretariats of the NODC and the International Research Ship
Operators’ Meeting (ISOM) are being maintained by the DMG.

An additional task of the DMG is the development and maintenance of the Netherlands
Antarctic Data Inventory (NADI, http:/ /www.nioz.nl/projects/antarctica) for the Antarctic
research projects in the Netherlands. In 2002 two more Antarctic dataset descriptions (DIFs)
were added to the NADI database. As many as 14 new Antarctic data sets have been identified.
One member of the staff represented the Netherlands at the annual meeting of the Joint
Committee on Antarctic Data Management (JCADM) in Shanghai (China). During this meeting
he was elected Deputy Chief Officer.
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R.V. Pelagia cruises in 2002
Cruise number Project Departure Arrival Specific area Chief scientist
64PE189 BIVALFF Feb. 4, Texel Feb. 8, Texel Frisian Front Drs. G. Duineveld
64PE190 CANOBA Feb. 11, Texel Mar. 8 Texel North Sea Dr. H. Thomas
64PE191 IRONAGES Mar. 11, Texel Apr. 2, Texel Bay of Biscay Prof. Dr. H. de Baar
64PE192 BIVALFF Apr. 8, Texel Apr. 12, Texel Frisian Front Drs. G. Duineveld
64PE193 FORAMS Apr. 12, Texel Apr. 19, Texel Skagerrak Dr. L. Moodley
64PE194 MOMAP Apr. 19, Texel May 3, Texel North Sea Dr. C. Brussaard
64PE195 CANOBA May 6, Texel May 31, Texel North Sea Dr. H. Thomas
64PE196 EMIR Jun. 3, Texel Jun. 18, Texel Southern North Sea Dr. W. van Raaphorst
64PE197 EcoGeomound Jun 20, Texel Jul. 14, Galway Rockall & Porcupine Bank Dr. T. van Weering
64PE198 ROCS Jul. 16, Galway Jul. 20, Galway Malin Shelf Dr. H. van Haren
64PE199 Charter Thales Jul. 21, Galway Aug. 15, Texel n.a. n.a.
64PE200 Plume & Bloom-6  Aug. 16, Texel Aug. 27, Texel Frisian front Dr. M. Baars
64PE201 ROCS Aug. 30, Texel Sep. 5, Galway Malin Shelf Dr. H. van Haren
64PE202 TRANSAT Sep. 7, Galway Oct. 3, Ponta Delgada N. Atl. Ocean Prof. Dr. G. Hernd|
64PE203 IRONAGES Oct. 4, Ponta Delgada Oct. 30, Valencia N. Atl. Ocean Dr. K. Timmermans
64PE204 CANYONS Nov. 2, Valencia Nov. 27, Texel Mediterranean, N. Atl. Ocean Dr. T. van Weering
64PE205 BIVALFF Dec. 2, Texel Dec. 6, Texel North Sea Drs. G. Duineveld
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WORLDWIDE EVERY 6 HOURS

Reliable and accurate weather forecasts depend heavily on good-quality observations from all

over the world oceans. Worldwide every 6 hours, thousands of weather reports are exchanged

over the Global Telecommunications System (GTS) by more than 7000 ships. This is the
Voluntary Observing Ship (VOS) programme of the World Meteorological

7] Organisation (WMO).

: The Pelagia has been a Selected Ship within the VOS programme since the

fourth quarter of 1999. In co-operation with the Royal Netherlands

Meteorological Institute (KNMI) she was then outfitted with state of the art

meteorological sensors, designed for continuous sampling under adverse con-

ditions (see also Annual Report 2000).

Though it is not a competition, the number of weather reports sent in by a
ship is recorded and a ranking is made at the end of each year. In 1999 the crew
of the Pelagia sent in only one weather report. The Pelagia ended as number
232 in a list of 234 Dutch civilian and navy ships. In 2000 however, 645 weather
reports were sent in, resulting in a tenth place on a list of 251 Dutch ships. This
upgoing trend continued in 2001. The crew of the Pelagia sent in 914 weather
reports, taking second place in a list of 247 Dutch ships. For some reason yet
unknown, the year 2002 showed an overall decline in the number of weather
reports. R.V. Pelagia contributed 522 weather reports, resulting in the ninth sec-
ond place in a list of 242 Dutch VOS ships.

Because of the number of weather reports, but more importantly because of
the quality of the weather observations combined with the fact that the Pelagia
operates mainly in so-called ‘data-sparse areas’, the Royal Netherlands
Meteorological Institute (KNMI) requested in 2002 to include the Pelagia in the
VOSClim programme. The VOSClim is an ambitious programme set up by the
WMO, to ‘provide a high-quality set of marine meteorological observations’.
Currently the Pelagia is the only Dutch vessel in this international programme
of 60 specially selected ships (status of November 2002).

Changing a sensor is not
an easy task when a
sensor such as the
anemometer is mounted
on the top of a mast, 25
meters above sea level.
(photo: Taco de Bruin)

All happy faces with the good results of the
Pelagia. From left to right: deputy master
John Ellen, master Hans Groot and Port
Meteorological Officer, Jan Schaap.
(photo: Taco de Bruin)
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THE EDITORIAL OFFICE OF THE JOURNAL OF SEA RESEARCH

Contributors: C.J.M. Philippart, B. Bak-Gade, JJ. Beukema, G.C. Cadée & W. van Raaphorst

In 2002, the Journal published volumes 47 and 48, each consisting of four issues and together
comprising 44 papers. Following the trend of the last few years, most (18 out of 26) of the
papers published in the regular issues of the Journal dealt with diverse aspects of marine
coastal macrozoobenthic communities, covering a wide geographical range from Vestfjorden,
Norway (68 °N) to the Beagle Channel in Tierra del Fuego (54 °S). Two of the Special Issues, viz.
47 (3/4) and 48 (4), were dedicated to Processes of Vertical Exchange in Shelf Seas (PROVESS),
an interdisciplinary study of vertical fluxes throughout the water column from the sea surface
to the seabed.

Another Special Issue of 2002 (Volume 48 — Issue 3) embodied Part I of the Proceedings of the
Symposium “Structuring Factors of Shallow Marine Coastal Communities”, which was held in
November 2001 to celebrate the 40" anniversary of the Journal and the 125th anniversary of the
institute. This issue was published in October 2002, i.e. within one year after the symposium
was held. It comprises contributions by Jef Huisman (University of Amsterdam, The
Netherlands), Gerhard Cadée (Royal NIOZ), Jan Beukema (Royal NIOZ), Karsten Reise (AWI
Sylt, Germany), John Widdows (Plymouth Marine Laboratory, UK) and Tim Wootton
(University of Chicago, USA). The second part of the Proceedings, containing papers by the
other speakers at the symposium, will be published in spring 2003 (Volume 49 - Issue 2).

Tragically, the year 2002 will be remembered most for the fatal traffic accident of our colleague
and editor Wim van Raaphorst. Wim j<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>