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ABSTRACT: Grids of 17 to 50 stations in the German Bight were sampled 18 times within the 
framework of the multidisciplinary programmes ZISCH and PRISMA in winter and spring of 1988/89 
and from April 1991-April I992. The frequent abundance of Coscinodiscus wafles/i Gran & Angst, a 
recently established large diatom, was noteworthy, as it dominated the phytoplankton biomass over 
long periods (e.g. 12/88-3/89 and 8/91-11/91). The bulk of the phytoplankton carbon during these 
periods (up to 90 %) could be attributed to this species. Blooms of Coscinodiscus wailesii producing 
up to 1400 ag carbon 1 - t ,  were recorded in early spring of 1989 and autumn of 1991. The potential 
consequences for the whole ecosystem refer to the huge size of this organism, which may cause 
reduced exploitation of its primary production by native consumers. Furthermore, sedimentation and 
remineralisation processes may be affected. For C wailesii, a doubling of biomass in 70 h could be 
estimated on the basis of data from four successive surveys in 1991. Results from laboratory cultures 
under comparable conditions confirm this rate. In the survey area, no increase in biomass was 
recorded for the related Coscinodiscus granii Gough, although there was sufficient silicate supply for 
growth. Field data showed 8-10 times lower copper and 10-20 times lower cadmium and zinc 
accumulation in C. wailesii, compared to concentrations found in native phytoplankton species. 
Subsequent  laboratory tests suggested that one reason for the remarkable success of C. wailesii, 
mainly in inshore regions, may be derived from its tolerance of higher doses of heavy metals due to 
very low sorption. 

I N T R O D U C T I O N  

T h e  s p r e a d i n g  of p l a n k t o n  spec i e s  in d i f f e r en t  pa r t s  of t he  w o r l d  o c e a n s  is no t  a n e w  

p h e n o m e n o n .  S p r e a d i n g  m a y  b e  c a u s e d  by  o c e a n  cu r r en t s  t r a n s p o r t i n g  dr i f t ing  o rga-  

n i sms ,  by  m e r c h a n t  sh ips  t r ans f e r r i ng  ba l las t  w a t e r  (Ger lach ,  1992) or by  s t o c k i n g  the  

s e a s  wi th  l iv ing  o r g a n i s m s  na t ive  to o t h e r  c o u n t r i e s  (Rince & Plaumier ,  1986). 

For  t he  N o r t h  Sea,  a n u m b e r  of e x a m p l e s  of n e w  arr ivals  in the  p h y t o p l a n k t o n  are  

k n o w n ,  e.g. Odontella (Biddulphia) sinensis Grev.  (Os tenfe ld ,  1908, 1909); Thalassiosira 
punctigera Castr .  (Kat, 1982); Thalassiosira hendeyi Has le  & Fryxel l  (Rick, 1990) 

Corethron criophflum, Stephanopyxis palmeriana (Drebes ,  1991); Gyrodinium aureolum 
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Hulbur t  (Tangen,  1977); Pleurosigma planktonicum Simonsen (Boalch & Harbour,  
1977a); Coscinodiscus wailesii Gran & Angs t  (Boalch & Harbour,  1977b; Robinson et al., 
1980; Rince & Plaumier,  1986). In most cases  these  new arrivals are not s tock-forming in 
their  new dis t r ibut ion areas,  with the except ion of the  ment ioned  dinof lagel la te ,  and  the 
large  centric dia toms Odontella sinensis and Coscinodiscus wailesii. They  may  have a 
s trong impact  on the structure of the pe lag ic  ecosys tem by part ly r ep lac ing  nat ive 
popula t ions  dur ing  certain seasons.  

Coscinodiscus wailesii shows a wor ldwide  distribution. A review is g iven  in Rince & 
Plaumier  (1986). It is found both in the Pacific (Gran & Angst,  1931; Cupp,  1943; Gotelli, 
1971; Guo Yujie, 1981; M a n a b e  & Ishio, 1991) and  in the Atlantic Ocean  (Patten et al., 
1963; Mahoney  & Steimle,  1980; Marshall ,  1984). In 1977 the species  was first r ecogn ized  
in waters  off the  southern coast  of England  waters  (Boalch & Harbour,  1977a). Since then 
it has spread  th rough  the whole  North Sea. 

MATERIAL AND METHODS 

Distr ibution and a b u n d a n c e  of Coscinodiscus wailesii Gran & Angst  was  ana lyzed  in 
the North Sea  within the project  s tudies ZISCH I (1986/87: circulation and  Transfer  of 
Pollutants in the  North Sea), ZISCH II (1988/89: Circulat ion and Transfer  of Pollutants in 
the German  Bight), PRISMA (1991/92: Transport ,  Transfer  and  Transformat ion Processes 
in the Ge rman  Bight), TUVAS (1991/92: Transport ,  Conversion and Var iabi l i ty  of Pollu- 
tants and  Nutr ients  in the G e r m a n  Bight), and  OPTINOM (1991/92: I m p r o v e m e n t  of the 
North Sea Monitoring).  Addi t iona l  da ta  were  ob ta ined  during a ten year  pe r iod  of s tudies 
(1982-1992) in the  outer  Scheldt  es tuary  near  Breskens  (The Nether lands) .  

During the ZISCH I p rogramme,  the phy top lank ton  was ana lyzed  in the  ent i re  North 
Sea at 131 stations. In the following 3 years  (11/88-4/92) the German  Bight was  s ampled  
with 18 grids of 17-51 stations. These  s tudies  concen t ra ted  on the m e a s u r e m e n t  of the 
heavy  metal  content  in the phy top lank ton  and  on the recording of the spec ies  composi-  
tion of the pr imary  producers .  

Samples  for phy top lank ton  analysis  were  col lected at 2 to 4 different  dep ths  with 
roset te  samplers  (CTD), f ixed with  buffered formol and processed  by the t e chn ique  of the 
inver ted  microscope within 3 months  after sampling.  Cell  volume and ca rbon  content  of 
the cells were  calculated,  b a s e d  on quant i ta t ive  da ta  of p lankton  analysis  according  to 
Rick (1990) and Str ickland & Parsons (1972). 

To avoid meta l  contamina t ion  from the research  vessel,  samples  for h e a v y  meta l  
de te rmina t ion  of the p lank ton  were  t aken  by rubbe r  d inghy in the surface l aye r  by  using 
a modif ied (no meta l  parts) p lank ton  net  (55 gm mesh  size). Direct  microscopic  control of 
these  samples  followed, in order  to es t imate  the pe rcen t age  of phy top l ank ton  content.  An 
al iquot  of each  net  sample  was  f ixed with  buffered formol for s u b s e q u e n t  quant i ta t ive  
p lankton  analysis.  

The cells were  concen t ra ted  on Sartorius cel lulose ni trate tilters (pore s ize  0.2 gin) for 
t race meta l  analysis,  if the phy top lank ton  content  consis ted of over 90 % of the entire 
seston. For purif icat ion p rocedure  of filters see  Mart  (I979a). 

Heavy  meta l  analysis  was  carr ied out us ing the Differential  Pulse A n o d i c  St r ipping 
Vol tammetry  method  (DPASV; Met rohm VA Processor 646 and VA Elek t rode  647) after 
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condit ioning the filter samples in an oxygen plasma processor (Plasma Technics  model  

200G). For prevent ion of contamination and other risks in accuracy in vol tametr ic  trace 

metal  analysis see Mart  (1979a, b, c, 1982) and Mart  et al. (1980). 
Additional laboratory data were  obtained using batch and semicontinuous cultures 

of Coscinodiscus waiiesii. The clone used was isolated from a net plankton sample  taken 

from the outer Scheldt  estuary near  Breskens (The Netherlands) in February 1991. The 

non-axenic  unialgal  stock cultures were  kept  both in 20-ml Scinti-Vials and 1-1 Duran- 
bottles at 12 ~ and a quantum scalar i rradiance of 18 ~E m -2 s -1 (cool white  f luorescent 

tubes, Phillips TLM 33 RS/65) in a 12 : 12 h l ight /dark cycle. Experiments  were  carried 

out in Celstir bottles (Zinsser) at the same l ight /dark  cycle and a light level  of 50 ~E m -2 
s -1 (LI-COR LI-185B Quan tummete r  with LI-190SB Quantum sensor). The cultures were  

stirred using a Wheaton-Biostir-6 system (Zinsser). Dilution rates varied from 0.2 to 0.5 
d a y -  1. 

Media  were  prepared  using 0.2-gm membrane- f i l te red  North Sea water  from the 
German  Bight (4/91). The salinity ranged  from 31 to 32 %0. The media were  enr iched with 

nutrients according to Von Stosch & Drebes (1964). N and P were  added  at 0.1, Si at 1.0 

strength, specif ied in ~mol dm-3: N: 56, P: 30, Si: 35, Fe: 1.0, Mn: 0.1. The vitamins B12, 
biotine, and thiamine were  added  to final concentrat ions of 50 ug dm -3. In order not to 

change  the complex ing  capacity of the seawater,  there was no addition of chelat ing 

agents.  Relative complexing capacity (RCC) was measured  by a vol tamperometr ic  
method  using lead as indicator metal  (complexing time 10 min; 0.5 gg Pb dm -3 10 min 

~_RCC -- 1; Rick, 1990). 
The t reatment  of samples for heavy metal  analysis of the cultured algae was the same 

as in field samples. Heavy  metal  contents of the media  were  analyzed using the DPASV 

method  after UV photolysis according to Mart  (1979c). Bioconcentration factors (BCF) 
were  calculated based on the metal  concentrat ion both in the medium and the algae. 

Doubling times were  calculated from changes  in cell number  during exponent ia l  

growth. 

RESULTS 

N o r t h  S e a  

Figure 1 displays the distribution of Coscinodiscus wailesii during the ZISCH 

summer  cruise in M a y - J u n e  1986, as well as the observations of some other authors. Only 

10 of the 131 stations sampled showed an occurrence of this species. It was found mainly 
in the northern parts of the sampling area near  the Orkney, Shetland, and Faroe islands. 

C. wailesii occurred in the southern part of the North Sea only at two stations in the most 
outer part of the German  Bight. During the ZISCH summer  campaign,  the species was 

not stock-forming. It was found in a salinity and tempera ture  range from 34.41-35.28 %0 S 

and 6.84-8.92 ~ respectively. 

S c h e l d t  e s t u a r y  

Since the early 'eighties, the species composit ion of the phytoplankton in the outer 

Scheldt  estuary was analyzed 50 times in 10 years. There,  Coscinodiscus wailesii was first 
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Fig. 1. Distribution pat tern of Coscinodiscus wailesii Gran & Angst  in the North Sea  and  adjacent  
waters. This study's data and the data of other authors are given in one general  map.  Small filled 
triangles: ZISCH campaign M a y - J u n e  1986, Rick (1990); large filled triangle: this  study; circled 
triangle: 10 year  period (1982-1992), Scheldt estuary; fiUed squares: Rince & Plaumier  (1986); small 
open circles: Robinson et ai. (1980); open triangles: Boalch & Harbour  (1977a); open circle 1: 
Gillbricht in Rince & Plaumier (1986); open circle 2: Drebes in Rince & Plaumier (1986); open circle 3: 

Hesse (1988) 
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r e c o g n i z e d  in  1982. M o r e  t h a n  50 % of t he  s a m p l e s  c o n t a i n e d  C. wailesn'. It w a s  mos t  

a b u n d a n t  f rom S e p t e m b e r  to M a r c h  in sa l in i ty  a n d  t e m p e r a t u r e  r a n g e s  of 24-32  %~ S a n d  

0 -20  ~ No proof  exis ts  of its o c c u r r e n c e  in ear ly  s u m m e r  (June/July) .  In m o s t  cases ,  w e  

f o u n d  C. wailesi i  a c c o m p a n i e d  by  Thalassiosira punc t igera  Castr.  a n d  Thalassiosira 

h e n d e y i  Has le  & Fryxell,  two  o the r  i n t r o d u c e d  spec ies .  

G e r m a n  B i g h t  

Tab le  1 s h o w s  the  a b u n d a n c e  a n d  b i o m a s s  d e v e l o p m e n t  of C. wailesii  d u r i n g  two 

c a m p a i g n s  (18 cruises)  of i n v e s t i g a t i o n  (1: 11 /88-5 /89;  2: 4 /91-4 /92)  in t he  G e r m a n  

Bight.  F igu res  2 -7  d e s c r i b e  the  a c c o m p a n y i n g  spa t ia l  d is t r ibut ions .  The  da t a  po in t  out  

tha t  Coscinodiscus  wailesi i  has  e s t a b l i s h e d  i tself  in t he  G e r m a n  Bight  a r ea  d u r i n g  the  last  

d e c a d e .  In s o m e  pe r i ods  (11 /88-3 /89  a n d  8 /91-10 /91)  m o r e  t h a n  90 % of the  p h y t o p l a n k -  

Table 1. Abundance and biomass of Coscinodiscus wailesii in the German Bight during the 
programs ZISCH II, PRISMA, TUVAS and OPTINOM. The campaign period, the number  of the 
sampled stations, the percentage of stations in which C. wailesii was stock-forming and mean/  

maximum biomass levels in carbon units for the whole water column are given 

Cruise Sampled Percent- Biomass (rag C m -3) 
stations age" Max.* " Mean* " * 

ZISCH II 
11/88 23 39 314 175.9 
12/88 23 22 142 69.1 
01/89 17 71 170 45.9 
02/89 17 41 382 141.0 
03/89 8 63 1270 475.3 
04/89 17 29 178 92.7 
05/89 20 20 357 113.6 

PRISMA 
04/91 50 0 0 0 
08/91-1 51 52 1004 142.3 
08/91-2 33 48 550 212.3 
08/91-3 44 34 812 179.2 
08/91-4 42 47 1705 348.4 
08/91-5 51 41 1325 482.6 

TUVAS-OPTINOM 
09/91 20 85 421 220.0 
10/91 20 80 445 131.1 
01/92 18 44 29 14.0 
03/92 18 83 210 80.2 

PRISMA 
04/92 42 59 551 96.4 

" percentage of the sampled stations where Coscinodiscus wailesii was stock-forming. 
* * maximum carbon content of Coscinodiscus waflesii (rag C m -3) for this particular cruise. 

* * ' mean carbon content of Coscinodiscus wailesii (rag C m -3) at each station where this species 
was stock-forming. 
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Fig. 2. Spatial distribution and biomass of Coscinodiscus waflesii in the German Bight. Results of two 
winter cruises in November  and December  1988. The biomass data are given as m e a n  carbon values 
I~g C dm -3) for the upper  layer (0-20m) of the water  column. Symbol size compares to the biomass 

value (see legend lower right) 

ton b i o m a s s  w a s  b o u n d  in  th i s  spec ies .  W e  f o u n d  C. wailesii in  a t e m p e r a t u r e  a n d  sa l in i ty  

r a n g e  f rom 2 .0 -17 .0  ~ a n d  2 7 - 3 4  %0 S, r e s p e c t i v e l y .  

In w in t e r ,  t h e  s p e c i e s  w a s  m e r e l y  p r e s e n t  n e a r  t h e  o u t e r  b o r d e r s  of t h e  G e r m a n  B i g h t  

w i t h  low b i o m a s s  l e v e l s  (Figs 2, 5, 7). S p r i n g  s h o w e d  a r i c h e r  a b u n d a n c e  i n  t h e  w e s t e r n  

r e g i o n ;  t h e  s p e c i e s  w a s  a b s e n t  in  t h e  a r e a  of t h e  E l b e  River  p l u m e  (Figs  4, 6, 7). In  

s u m m e r  a n d  ea r ly  a u t u m n ,  t h e r e  w e r e  r e c o r d s  of C. wailesii i n  t he  c o a s t a l  a n d  e a s t e r n  

p a r t  of t h e  G e r m a n  B i g h t  (Fig. 5), w h i l e  i t  w a s  m o r e  a b u n d a n t  a t  t h e  w e s t e r n  a n d  

n o r t h e r n  b o r d e r s  of t h e  s u r v e y  r e g i o n  in  l a t e  a u t u m n  (Fig. 5). 

D u r i n g  t h e  P R I S M A  p r o g r a m m e  i n  A u g u s t  1991, four  s u c c e s s i v e  g r i d s  of 40  to 50 

s t a t i ons  w e r e  s a m p l e d  in  t h e  G e r m a n  Bigh t .  E a c h  s t a t i o n  w a s  r e s a m p l e d  in  a t i m e  c o u r s e  

of 72 h. T h e  d a t a  of th i s  s u r v e y  a re  s h o w n  as m e a n  v a l u e s  in  T a b l e  1. C. wailesii w a s  m o s t  
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Fig. 3. Spatial distribution and biomass of Coscinodiscus wailesii in the German Bight. Results of two 
winter cruises in January and February 1989. The biomass data are given as mean carbon values (~g 
C dm -3) for the upper layer (0-20m) of the water column. Symbol size compares to the biomass value 

(see legend lower right) 

abundant  in the coastal area of the German  Bight (8.10~176 54.13~176 9 

stations) with increasing biomass during the survey period (15th-29th August). It was 

accompanied  by the native species Coscinodiscus granii Gough. For the area ment ioned,  
m e a n  biomass doubling-t imes for both species were  calculated on the basis of the 

in tegra ted  biomass values from the upper  layer of the water  column (0-20 m). No 

significant growth of C. granii was de te rmined  while C. wailesii showed doubl ing- t imes  
of 70 h. 

Figure 7 shows the spatial distribution and biomass of the related species Coscinodis- 

cus wailesii and Coscinodiscus concinnus W. Smith during the PRISMA spring campaign  

in April 1992. Both species have identical  distribution patterns, but the areas of max imum 
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Fig. 4. Spatial distribution and biomass of Coscinodiscus wailesfi in the German Bight, Results of 
three spring cruises in March, April and May 1989. The biomass data are given as mean carbon 
values (~g C dm -3) for the upper layer (0-20m) of the water column. Symbol size compares to the 

biomass value (see legend lower right) 

cell numbers  differ. C. concinnus exceeds C. wailesfi in the outer bight, whi le  C. wailesii 
is dominant  in the East Frisian coastal waters. 

B i o c o n c e n t r a t i o n  of t race  m e t a l s  

Field data concerning bioconcentrat ion factors of trace metals in natura l  phytoplank-  
ton assemblages  in the German Bight suggest that communit ies domina ted  by Cos- 
cinodiscus waflesii show less accumulat ion of zinc and copper than communi t ies  domi- 
na ted  by other species (Table 2; Figs 8, 9). The same can be  found for the accumula t ion  
for lead and  cadmium (Figs 10. 11). Only  at three stations (19, 31, 40 - compare  Figs 8-11) 
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Fig: 5. Spatial distr ibution and biomass of Coscinocfiscus wai]esii in the German Bight. Results of 
three cruises in summer and autumn (August 1991, September 1991, October 1991). The biomass 
data are given as mean carbon values (~tg C dm -3) for the upper layer (0-20m) of the water column. 

Symbol size compares to the biomass value (see legend lower right) 

where  C. waflesii  was abundant,  were  relat ively high metal  contents (Zn, Cu, Cd) in the 

plankton found. They were  located at the outer distribution border of C. wailesii ,  where  

this species was mainly accompanied  by the centric diatom Rhizosolenia  shrubso le i  
Cleve. 

The results of subsequent  laboratory exper iments  concerning the bioconcentra t ion of 

zinc and copper  in C. wailesii  are shown in Table 4. 

DISCUSSION 

Figure 1 shows the distribution of C. wailesi i  Gran & Angst  in the North Sea and 

adjacent  waters. Our own results and the data of other authors are shown in one genera l  
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Table  2. Bioconcentration factors (BCF} of zinc and copper m natural  phytoplankton populations 
(August 1991, German Bightl. The relative complexing capacity (RCC) of the seawater  varied from 
0.8 to 1.5 during the cruise. BCF. zinc and copper content  of the seawater, s tandard deviations. 

minimum and maximum value are given 

Mean Zn content, water: 472 z 237 ng  Zn kg  -1 
Minimum value: 232 ng Zn kg  -1 
Maximum value: 1025 ng Zn kg -~ 

Phytoplankton BCF Standard Min  Max. n 
zinc deviation value value 

C. waflesii 29300 25000 7300 62200 12 
abundan t  

Other  speoes  189900 160300 18000 562100 9 
abundan t  

Mean  Cu content, water: 390 z 74 ng Cu kg -1 
Minimum value: 306 ng Cu kg -1 
Maximum value: 624 ng Cu kg -1 

Phytoplankton BCF Standard Min. Max. n 
copper deviation value value 

C. waflesii 4430 3790 980 11460 12 
abundant  

Other  species 15610 11340 2050 29940 9 
abundant  

m a p .  C. wai les i i  w a s  d i s c o v e r e d  in  1977 b y  B o a l c h  & H a r b o u r  (1977a) in  t h e  Ce l t i c  Sea ,  

t he  E n g l i s h  C h a n n e l  (Rince & P l a u m i e r ,  1986) a n d  t he  s o u t h e r n  p a r t  of t h e  I r i sh  Sea  

( R o b i n s o n  et  al., 1980). S i m o n s e n  (in R ince  & P l a u m i e r ,  1986) s t a t e d  t h a t  t h e  s p e c i e s  

o c c u r s  at  n e a r l y  all  N o r t h  Sea  coas t l ines .  

T h e  d a t a  of B o a l c h  & H a r b o u r  (1977a)  a n d  R o b i n s o n  e t  al. (1980), w h o  r e c o r d e d  h i g h  

b i o m a s s e s  of C. wailesi i  in  w i n t e r  a n d  s p r i n g  in  i n s h o r e  wa te r s ,  w h i l e  ce l l  n u m b e r s  

d e c l i n e d  t o w a r d s  May ,  c o r r e s p o n d  w e l l  w i t h  o u r  f i n d i n g s  in  t he  S c h e l d t  a r e a  a n d  t he  
G e r m a n  Bight .  

T h e  o b s e r v e d  w i d e  r a n g e  of sa l in i ty  a n d  t e m p e r a t u r e  for s p e c i e s  o c c u r r e n c e  c o n f i r m s  

t h e  r e p o r t s  f rom Rince  & P l a u m i e r  (1986), w h o  s t a t e d  t h a t  C. wai les i i  o c c u r r e d  in  o p e n  

o c e a n ,  as  we l l  as  in  e s t u a r y  a n d  i n s h o r e ,  r eg ions .  

D u r i n g  t h e  ' e igh t i e s ,  C. wailes i i  b e c a m e  a n  i m p o r t a n t  m e m b e r  of t h e  p h y t o p l a n k t o n  

in  t h e  G e r m a n  B i g h t  (Gi l lb r i ch t  a n d  D r e b e s  in  ~ c e  & P l a u m i e r  1986; H e s s e ,  1988; 
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Table 3. Bioconcentration factors (BCF) for the trace metals copper and zinc. Coscinodiscus waflesii 
in semicontinuous cultures (dilution rate 0.5-0.2 d 1, 12 ~ light dark cycle: 12:12 h; 50 IrE m -z s 1). 
Mean biomass doubling-times, ranges of the zinc, copper content, and RCC (relative complexing 

capacity) of the media are given, n = number of data points 

Range of Cu content (medium): 1-8 ~g Cu kg -1 
Range of Zn content (medium): 3-5 [tg Zn kg-1 
RCC: 0.8 A 0.4 gg Pb kg -1 10 rain 
Doubling-time: 107.9 • 37.2 

Trace metals BCF Standard Min. Max. n 
deviation value value 

Copper 2700 910 1000 4790 65 
Zinc 5890 1660 2200 9710 67 

Table 4. Bioconcentration factors (BCF) and volume-related metal content of various North Sea 
phytoplankton species in semicontinuous cultures with literature references 

COPPER ZINC 
Species Content Content BCF Content Content BCF Author 

medium cells medium cells 
(ngkg  -1) (10 1o ( n g k g  -1) (10 - l~  

ng am -3) ng Mm -3) 

Scrippsiella 450 50 11200 6300 450 7070 Corves 
trochoidea _+14 • 3100 + 80 _ + 1 2 6 0  (1992) 

Gyrodinium 620 120 19350 5800 460 8000 Rick 
aureolum -_4-_ 10 • 1600 (1990) 

Phaeocystis 1130 185 16390 9500 1300 13700 Rick 
globosa • 20 (1990) 

Micromonas 3800 830 21800 14600 325 2200 Rick 
pusilla -+ 195 -+ 5100 • 180 • 1200 {1990) 

Thalassiosira 480 66 13700 2800 134 4820 Corves 
rotula -+ 4 -+ 830 • 28 _ +1 0 3 0  (1992) 

Thalassiosira 780 60 7400 8840 370 4180 Kleinert 
punctigera + 6 -+ 900 _+ 75 -4- 840 (1987) 

Di i rse len ,  1990; H a g m e i e r ,  1991; A l e t s e e  & Rick, 1990; A l e t s e e  e t  al., 1992), b u t  t h e r e  are  

still p e r i o d s  w h e n  this  spec i e s  c a n n o t  b e  found:  H e s s e  (1988) r ep o r t s  h i g h  b i o m a s s e s  of C. 

wailesii in sp r i ng  1984 in the  ou te r  G e r m a n  Bight ,  w h i l e  in 1985 only  t h e  r e l a t e d  na t ive  

s p e c i e s  Coscinodiscus concinnus W. Smi th  w a s  p r e s e n t .  B a u e r f e i n d  et  al. (1990) o b s e r v e d  

only  Coscinodiscus concinnus in  sp r i ng  1985 a n d  1986; C. wailesii is no t  m e n t i o n e d .  Our  
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Fig. 6. Spatial distribution and biomass of Coscinodiscus wai]esii in the German Bight. Results of two 
cruises in winter and early spring 1992. The biomass data are given as mean carbon values (~g C 
dm -3) for the upper layer (0-20m) of the water column. Symbol size compares to the biomass value 

(see legend lower right) 

investigations in May 1986 and April 1991 also provided no evidence  for the  occurrence 

of C. wailesn" in the German  Bight. These  results may lead to the assumpt ion  that the 

appearance  of one species may inhibit  the occurrence of the other. No e v i d e n c e  for an 
excluding mechan ism can be revealed,  on the basis of the data of the PRISMA spring 

cruise in 1992 (Fig, 7). In this period, both species had identical  distribution pat terns;  only 

the areas of max imum cell numbers  differed. The greater  offshore a b u n d a n c e  of C. 

concinnus is in accordance to the predict ion of Baars (1988), who m e n t i o n e d  deeper  
water  columns and high light reg ime as growth conditions favoured by C. concinnus. 

The available 3-year data set shows the distribution features for C. wailesii in the 

area of the German  Bight (Figs 2-7). It remains  to be seen whe the r  these resul ts  describe 
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Fig. 7. Spatial distribution and biomass of the introduced Coscinodiscus wailesn and the native 
Coscinodiscus concinnus in the German Bight during the PRISMA spring cruise in April 1992. The 
biomass data are given as mean carbon values (~g C dm -3) for the upper layer (0-20m) of the water 
column. Symbol size compares to the biomass value (see legend lower right). C. wailesii is displayed 

by the unfilled circles, C. concinnus by the crossed circles 

a r egu l a r  s e a s o n a l  d is t r ibut ion  pa t t e rn  of the  species ,  s ince  any  var iabi l i ty  in c i rculat ion,  
h g h t  and  nu t r i en t  r e g i m e  m a y  h a v e  a s t rong  i m p a c t  on the  spec ies '  a n n u a l  d e v e l o p m e n t .  

S o m e  ques t i ons  r e m a i n  to b e  a n s w e r e d :  (1) W h a t  are  the  r easons  for t h e  success  of 
C o s c i n o d i s c u s  wa f l e s i i  in the  Nor th  Sea  a rea?  (2) W h a t  is the  effect  of the  s p r e a d i n g  of 

C o s c i n o d i s c u s  wa f l e s i i  on the  e c o s y s t e m  of t he  G e r m a n  Bight? 

As m e n t i o n e d  before ,  the  spec ies  is ab l e  to cope  wi th  cons ide r ab l e  f luc tua t ions  of 
t e m p e r a t u r e  a n d  sal ini ty  (Ale tsee  & Rick, 1990; Di i rse len,  1990) and  it also s e e m s  to h a v e  

the  abi l i ty  to h a n d l e  a w i d e  r a n g e  of nu t r i en t  concen t r a t ions  (Rince  & P laumier ,  1986). In 

addi t ion,  C. wai l e s i i  p r o v e d  to be  v e r y  to le ran t  of metals .  F ie ld  da t a  (Figs 8 -11 ,  Tab l e  2) 
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Fig. 8. Spat ia l  d is t r ibut ion of the vo lume- re la ted  zinc content  of 50 ,Ltm net  p l a n k t o n  in the German  
Bight during the PRISMA summer cruise in August 1991. Symbol size compares to the value of the 
zinc content (see legend lower right). Stations with stock-forming occurrence of C. wailesii are 

marked by unfilled triangles. For numbered stations compare text 

and results of laboratory experiments  (Table 3) show that, in comparison to native 
phytoplankton organisms (Table 4), the species bioconcentrat ion of trace metals is low. 
The bioconcentrat ion factors for zinc measured  in field experiments  were  higher  than 
factors de termined in laboratory experiments.  This was caused by different concen- 
trations of this metal  in  the water  dur ing  field (0.2-0.7 ~g Zn kg -1) a nd  laboratory 
experiments  {3.0-5.0 ~tg Zn kg-1). The concen t ra t ion-dependent  metal  sorption of the 
phytoplankton follows the Langmuir  isotherm {e.g. Simonis, 1988}, a hyperbol ic  satura- 
tion curve. After reaching the curves saturation point, the bioaccumutat ion dechnes with 
rising metal  concentrat ion in the water. 
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Fig. 9. Spatial distribution of the volume-related copper content of 50 gm net  p lankton  in the 
German  Bight during the PRISMA summer  cruise in August  1991. Symbol size compares to the value 
of the copper content (see legend lower right). Stations with stock-forming occurrence of C. wailesii 

are marked  by unfilled triangles. For numbered  stations compare text 

It is un l i ke ly ,  h o w e v e r ,  t h a t  t h e  h i g h  b i o m a s s  d e n s i t i e s  of C. wa i l e s i i  d u r i n g  t he  

P R I S M A  s u m m e r  c ru i se  ( A u g u s t  1991) w e r e  t r i g g e r e d  b y  h e a v y  m e t a l  effects ,  s i nce  t he  

m e a s u r e d  c o p p e r  a n d  z inc  c o n c e n t r a t i o n s  in  t h e  s u r r o u n d i n g  w a t e r  w e r e  l ow  (Tab le  2). 

In  c o m p a r i s o n  to n a t i v e  s pec i e s  of s i m i l a r  size,  C. waf l e s i i  d i sp l ays  d i f f e r i n g  e n v i r o n -  

m e n t a l  d e m a n d s .  D a t a  w o n  b y  s a m p l i n g  a g r i d  of 4 0 - 5 0  s t a t i ons  in  t h e  G e r m a n  B i g h t  in  

s h o r t  t i m e  i n t e r v a l s  ( A u g u s t  1991) s h o w e d  n o  b i o m a s s  i n c r e a s e  for t h e  n a t i v e  Cosc inod i s -  

cu s  gran i i  G o u g h ,  w h i l e  C. waf les i i  r e a c h e d  b i o m a s s  d o u b l i n g - t i m e s  c o m p a r a b l e  to t h o s e  

in  l a b o r a t o r y  c u l t u r e s  u n d e r  s imi l a r  cond i t i ons .  S i m u l t a n e o u s l y - m o n i t o r e d  n u t r i e n t  a n d  

t r a c e  m e t a l  l e v e l s  g a v e  n o  e v i d e n c e  for  n u t r i e n t  d e p l e t i o n  or  toxic e f fec t s  of m e t a l s  
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Fig. 10. Spatial distribution of the volume-related lead content of 50 ~tm net plankton in the German 
Bight during the PRISMA summer cruise in August 1991. Symbol size compares to the value of the 
lead content (see legend lower right). Stations with stock-forming occurrence of C. wailesii are 

marked by unfilled triangles. For numbered stations compare text 

(compare Rabsch & Elbr~chter, 1980) for this campaign  period. Maybe  a micronutr ient  
that is of lesser  importance for the growth of C. wailesii  than that of C. granii was the 

de termining factor. 
Experiments  conducted  by Roy et al. (1989) give another  hint for possible reasons foI 

the  success of C. wailesii, The copepods  Temora longicornis O.F.R. Mfiller and Calanu~ 
helgolandicus Claus, both native to the North Sea, showed  inefficient or "sloppy" grazing 

h e h a ~ o u r  w h e n  ra i sed  on C. wailesii. Possibly, the primary consumers  in the German 

Bight avoid the ingest ion of C. waflesii, and the species derives its dominance  from this. 
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Fig. 11. Spatial distribution of the volume-related cadmium content of 50 ~m net plankton in the 
German Bight during the PRISMA summer cruise in August 1991. Symbol size compares to the value 
of the cadmium content (see legend lower right). Stations with stock-forming occurrence of 

C. wailesii are marked by unfilled triangles. For numbered stations compare text 

The results of three years of research in the German  Bight illustrate that C. wa i l e s i i  

can supersede native species at times or at least decrease  their biomass development .  

Grazing by copepods may be reduced,  and mass deve lopment  of C. wa//es/i  may  then 
have  consequences  for the following trophic levels. 

Prompt sedimenta ion of C. wa f l e s i i  result ing from silicate deplet ion of the water  
(Manabe & Ishio, 1991) contributes only a l imited amount  of carbon remineral isat ion in 

the water  column. M a n a b e  & Ishio (1991) studied an au tumn bloom of the species in 

Inland Seto Sea. After sedimentation,  the ceils were  conserved  in the bottom mud due to 
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low t e m p e r a t u r e s  in win te r .  In sp r ing ,  d e c o m p o s i t i o n  of the  o rg an i c  c o m p o n e n t s  c a u s e d  

o x y g e n  def ic i t s  in the  b o t t o m  wa te r .  C o n s e q u e n c e s  of o x y g e n  d e p l e t i o n  for b e n t h i c  

o r g a n i s m s  are  w i d e l y  k n o w n ,  e v e n  for the  a r ea  of t h e  ou te r  G e r m a n  B igh t  (v. W e s t e r n h a -  

g e n  & D e t h l e f s e n ,  1983; Rachor  & Alb rech t ,  1983; Rachor ,  1985). For  t he  i n n e r  G e r m a n  

Bight,  such  e m i n e n t  o u t c o m e  is r a t h e r  un l ike ly  s ince  ver t ica l  c i r cu la t ion  is in i t i a ted  

f r e q u e n t l y  by  t idal  m ix ing  p r o c e s s e s .  
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