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North Sea research: where  might it go? 
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ABSTRACT: Seven research suggestions are discussed: the phenomenon of the rare species, the life 
conditions of meiofauna in suboxic sediment layers, the part-time dormancy of animals and bacteria 
m the sediment, the importance of lateral advection for the flux of organic matter to the benthos, the 
selection of sites representative of larger North Sea regions, the selection of monitoring stations, and 
the importance of viruses, bacteria and other parasites for the North Sea ecosystem. 

INTRODUCTION 

During the past 25 years when  I was the director of a research depar tment  or of a 
marine research institution, I often had to work out medium-te rm research plans. Of 

course I always included, in a selfish way, (1) projects which fitted anyway  into my 

group 's  research capacities and, (2) projects which I hoped could be looked upon 
favourably by the 'soft' funding agencies.  In the 'seventies,  I had to chair a group of 

German  scientists. We identified in a more genera l  way the marine biology research 
topics for the 'e ight ies  (Gerlach, in Hempe l  & Meyl, 1979): (1) Light-nutr ient-phytoplank-  

ton interaction, (2) Food-chains and food-conversion, (3) Role of dissolved organic 

substances, (4) Remineralization, (5) Deve lopment  of models, and (6) Spatial and tem- 
poral variability. 

The 'eighties are now past. Worldwide,  much progress has been  achieved  on all of 
the above topics. But some unforeseen findings occurred too, for example,  the discovery 

of hydrothermal  vents  and cold seeps, and the discovery of hydrogen sulphide and 
methane,  as energy  sources which are i ndependen t  of sunlight. These findings document  

how limited our capacity is to look into the future. My suggest ions for future North Sea 
research are strictly personal; I shall now discuss some unsolved scientific questions.  

RARE SPECIES 

Forty-three years ago, in 1949, I started my North Sea career  at the almost forgotten 
Zoologische Station Bfisum, a private station run by Sebast ian MfiUegger, who was 

pharmacist  in the town of Heide. In the ' twenties,  this station even  publ ished a periodical,  

the "Schriften fiir Sfil3wasser und Meereskunde ,  Bfisum". I sampled the sandy beaches  
and the intertidal flats of B~isum, Amrum and Sylt. I descr ibed the spatial distribution of 

nematodes  on the German coasts (Gerlach, 1953) and identif ied 140 different nema tode  

species (Gerlach, 1954). At that t ime I was a s tudent  of Professor Dr. Adolf Remane  in the 
Zoological Institute of Kiel University. The term ecology meant,  to us, to find out which 
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species of animals  live where, and the envi ronmenta l  factors which control their distribu- 
tion. I was happy when  I encountered  a rare species, and I rather despised the common 
ones. I described (from the North Sea intertidal) no less than 19 nematode  species which 
were new to science. 

F i r s t  s u g g e s t i o n  f o r  f u t u r e  N o r t h  S e a  r e s e a r c h :  Find out why rare 
species are rare. Do they just inhabi t  rare environments? If so, we should develop a 
monitoring strategy for rare environments .  Small and rare species have no ecosystem 

impor t ance  in terms of energy flow, but  they are a reality and they had survived millions 
of years, before I discovered some of them. I think it is an important research topic to find 
out how rare species have managed  to survive. And will they survive? Or will they be the 
first to die out when  the envi ronment  is polluted or otherwise changed? 

MEIOFAUNA AND THE SEDIMENT ENVIRONMENT 

When I became director of the Bremerhaven  Institute of Marine Research, I turned 
my at tention to ecosystem research. Based upon some experiments on the life cycles of 
nematodes,  I published, in 1971, a Paper "On the importance of marine  meiofauna  for 
benthos communit ies" which has recently been  dist inguished as a citation classic 
(Gerlach, 1987) because many marine  ecologists have cited the following from this Paper 
as fact: that meiofauna animals have 3 generat ions  per year, and that the ratio of annua l  
production to biomass (P/B) is about 10. These generalizations are based on experiments  
with a few meiofauna species which can easily be cultivated. Most of them live in the 
"Aufwuchs" or on the sediment  surface. But the majority of softbottom nematode  species 
live in the suboxic, or even in the anoxic, layers of the sediment.  Unfortunately,  up to now 
we have not succeeded in cultivating these species. Accordingly, we do not know 
anything about  their life-span and rate of production. 

S e c o n d  s u g g e s t i o n  f o r  f u t u r e  N o r t h  S e a  r e s e a r c h :  Develop 
culture techniques  for organisms, meiofauna and bacteria, which tive in suboxic environ- 
ments  or in those redox discontinuity layers where oxic and anoxic condit ions alternate. 

DORMANCY IN THE BENTHOS 

In the 'seventies I tried to unders tand  how the benthos of a 35-metre silty sand station 
off Helgoland works (Gerlach, 1978). I calculated that sediment  bacter ia  only have to 
divide 20 times per year in order to supply the food demands  of the zoobenthos. In a 
culture, however,  sediment  bacteria duplicate much more often. My conclusion is: most 
sediment  bacteria remain dormant  unti l  the envi ronmenta l  conditions in their surround- 
ings improve. Such improvement  could come from any disturbance, from the sedimenta-  
tion of a p lankton bloom, from erosion by waves or currents, or by macrofauna  bioturba-  
tion. In 1980, when  I applied for the Professorship of Benthos Ecology at the Kiel Institute 
of.Marine Science, I lectured on the sluggishness of benthos animals. My guess is that not 
only bacteria, but  macrofauna animals  too, sleep (reduce their metabolism) be t w e e n  
short periods of activity. Maybe, s leeping is not the right term, but  the term dormancy 
means  just the same. 

T h i r d  s u g g e s t i o n  f o r  f u t u r e  N o r t h  S e a  r e s e a r c h :  Ecosystem mod- 
els should take into consideration that benthic  organisms do not work hour  by hour at full 



North Sea research 705 

speed. It is not legitimate to simply multiply the results of physiological experiments by 
24 hours per day and by 365 days per year. Instead, find out the cyclic or aperiodic life 
patterns of benthic organisms. 

LATERAL ADVECTION 

In the 'seventies, John Steele elaborated his famous North Sea model (Steele, 1974). 
It was one of the first attempts to consider the North Sea as an entity. Steele 's group 
quantif ied total fisheries yield, fish biomass and fish food demand  for a total of 
520 000 km 2 North Sea and calculated data per m 2. The model  is supplemented  with 
other data per m 2, for example, with my 1971 meiofauna production estimates. But fluxes 
cannot  be realistic in such a model, because  of lateral advection. 

Benthic organisms receive organic particles, their food, not only by vertical sedimen- 
tation from surface waters, but  also enjoy some import from shallower regions by lateral 
advection (Graf, 1992). Evidence is increasing that repeated events of sedimentat ion and 
resuspension cause a step-by-step transportation of particles from shallower areas of the 
North Sea downslope to the deeper  depressions, and to a final sink in the Skagerrak. This 
transportation can be modelled (Puls, in Sf indermann & Degens, 1989). Incidentally, the 
horizontal current velocity of the water above the sea bottom is much higher than the 
vertical s inking speed of phytoplankton and other particles. 

F o u r t h  s u g g e s t i o n  f o r  f u t u r e  N o r t h  S e a  r e s e a r c h :  A ba ndon  the 
water column concept and take into consideration that lateral advection contributes 
significantly to the energy flow in the benthos.  Develop methods to quantify the import 
and export of particles by lateral advection. Realise that the North Sea belongs to the 
neritic province. There is a flux from the benthos back to the water column and also some 
loss of particles to the deep sea. 

REPRESENTATIVE STATIONS 

Recently, I had to review the classification of 260 macrofauna stations by the ICES 
Benthos Ecology Working Group (Kiinitzer et al., 1992) into the following assemblages:  
- the deep sea assemblages of the Skagerrak and the Norwegian Trench; 
- the offshore assemblages at 70-200 m depth in the Northern and Central  North Sea, 

where bottom water temperatures  remain  below 10 ~ in summer;  
- the assemblages at 30-70 m depth in the Central  and  Southern North Sea where the 

fluctuations of bottom water temperatures  are greater; 
- the coastal assemblages in regions shallower than 30 m in the Southern North Sea 

where bottom water temperatures  rise to 16-17 ~ in summer,  but  may drop to below 
zero in very cold winters. 

This classification supplements  and  refines earlier benthos work in the North Sea, 
and should be used to subdivide the North Sea in a better way than the traditional ICES 
sub-regions. 

F i f t h  s u g g e s t i o n  f o r  f u t u r e  N o r t h  S e a  r e s e a r c h :  Identify sites 
where plankton,  fish, benthos and  envi ronmenta l  factors are representat ive of a larger 
sub-region of the North Sea. Collect data and  construct a model  for each of these sub- 
regions and define the horizontal fluxes be tween  the sub-regions. Such sub-regional  
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models are fundamental ,  among other things, to our unders tand ing  the distribution 
patterns of cadmium in hermit crabs (Karbe, in Sf indermann & Degens, 1989). 

CHANGES IN TIME 

The observation of oxygen deficiency in the bottom water of the G e r m a n  Bight, in 
1981 and in some later years, started a hea ted  discussion on eutrophication. I headed  a 
working group on eutrophication (Gerlach, 1990); we discussed different t ime series in 
order to decide whether  (1) increased input  of nutrients,  or (2) changed  weather  condi- 
tions, or (3) both factors were responsible for the effect. The Helgoland Reede time series 
is famous because  the series was started in 1962, and because sampling has b e e n  carried 
out every working day since then. 

The general  conclusion from the Helgoland Reede time series is: variat ion be tween  
years was extremely high. Part of this variation is certainly, (1) due to the unfor tunate  
situation of Helgoland Reede station at 6 m water depth in the current -swept  sound 
be tween  Helgoland and  Duene,  (2) due to the situation of Helgoland at the border of 
stratified and mixed water masses in summer,  and (3) due to the frequent ly-occurr ing 
intrusion of coastal water masses which are more or less mixed with river water. 
Therefore Helgoland Reede station is not representat ive of a larger North Sea area. 

S i x t h  s u g g e s t i o n  f o r  f u t u r e  N o r t h  S e a  r e s e a r c h :  Re-organize 
monitoring. Only those stations should be monitored which are representat ive  of both 
water and benthos and of the relation be tween  the two. Zooplankton grazing should be 
included. Sedimentat ion traps should be installed in order to analyse the vertical 
transport of particles to the seabed. Distinguish be tween  small ben thos  which reacts 
quickly to changes,  and  large benthos animals  which grow to an age of several  years and 
develop their own indigenous populat ion dynamics. Protect monitoring stations against  
the impact of fisheries, by creating nature-conservat ion areas. 

Unfortunately, scientists, institutes and  agencies do not hke to give up an existing 
monitoring station. But existing monitor ing activities were originally not inven ted  with 
the aim of verifying ecosystem models. However, ecosystem research urgent ly  needs  
representat ive monitoring stations in order to verify the different models produced.  If the 
model  cannot  simulate the same reactions of the ecosystem as are observed by monitor- 
ing, the model is wrong or incomplete.  

PARASITES 

In 1983 I accidentally learned about  a nearly-forgotten case of paralytic shellfish 
poisoning which happened  1880-1887, in the dock-harbour of Wi lhe lmshaven  (Gerlach, 
1985). Since then I have been  fascinated by toxic phytoplankton.  In May 1988, I was 
bothered by the coincidence of two events: by the bloom of the toxic flagellate, Chryso- 
chromulina polylepis in the Skagerrak, which killed caged salmon and ep i fauna  down to 
15 m water depth, and  by the first evidence  of a seal mortality nearby  in the Kattegat. I 
tried to connect  the seal mortality with the toxic phytoplankton bloom (Gerlach, 1989), 
bu t  without success. The seals died from distemper, at least in the later  phase  of the 
epidemic. 

In the long run, both host and  parasite live in co-existence. But on the short time- 
scale a parasite sometimes gets out of control and  reduces the popula t ion  of its host. 
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Recent ly ,  v i ruses  h a v e  b e e n  iden t i f i ed  in eve ry  s a m p l e  of s ea  w a t e r  ana ly sed .  The  hos t s  

of t h e s e  v i ruses  are  l a rge ly  u n k n o w n .  But t h e r e  is r e a s o n  to a s s u m e  a g r e a t  i m p a c t  u p o n  

m a r i n e  bac t e r i a  a n d  p h y t o p l a n k t o n .  

S e v e n t h  s u g g e s t i o n  f o r  f u t u r e  N o r t h  S e a  r e s e a r c h :  Look for 

pa ras i t e s ,  i n c l u d i n g  v i ruses ,  a n d  iden t i fy  the i r  e f fec ts  on Nor th  Sea  bac te r ia ,  p l an t s  a n d  

an imals .  It is t ime to rea l i ze  that,  a m o n g  o t h e r  p a r a m e t e r s ,  p a r a s i t e s  are  eco log ica l  fac tors  

tha t  m a y  contro l  popu la t ions .  

C O N C L U S I O N  

I h a v e  c o n f r o n t e d  you  wi th  s e v e n  s u g g e s t i o n s  for fu ture  N o r t h  Sea  r e s e a r c h ,  a n d  this  

is a ve ry  spec ia l  s e l ec t i on  b a s e d  u p o n  my  p e r s o n a l  e x p e r i e n c e .  A vas t  s tore  of k n o w l e d g e  

has  b e e n  a c h i e v e d  in the  f ields of M a r i n e  Biology a n d  Biological  O c e a n o g r a p h y  over  the  

p a s t  100-year  per iod ,  bu t  t h e r e  still r e m a i n s  m o r e  for the  fu ture  to b e  exp lo red .  S ingu la r  

e v e n t s  h a v e  o c c u r r e d  w h i c h  h a v e  n e v e r  b e f o r e  b e e n  o b s e r v e d  by  sc ient is ts ,  for e x a m p l e  a 

ChrFsochromulina bloom,  a sea l  mor ta l i ty  etc. T h e  pub l i c  w a n t s  an  i m m e d i a t e  a n s w e r  as 

to t he  cause s  of t h e s e  p h e n o m e n a ,  a n d  w h e t h e r  t h e y  m i g h t  b e  m a n - m a d e .  H o w e v e r ,  

m a r i n e  sc i ence  has  to l ea rn  f rom case  to case ,  w h i c h  is a s low p r o c e d u r e .  T h e r e  are  not  

only  ra re  s p e c i e s  in t he  sea,  bu t  also ra re  h i g h - e n e r g y  ev en t s  tha t  h a p p e n  f rom t ime  to 

t ime.  W e  m u s t  be  pa t i en t .  
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