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ABSTRACT: The occurrence and distribution of dinoflagellate resting cysts were investigated at 11 
locations in the south-eastern part of the North Sea. Twenty-six known cyst species and 7 unknown 
cyst types, which may act as seed population for planktonic dinoflagellate blooms, have been 
recorded for the first time in the area. The most common cysts in recent sediments were those of 
Smffppsiella trochoidea, Zygabikodinium lenticulatum, Peridinium dalei, Scrippsiella lachrymosa, 
Protoceratium reticulatum, Protoperidinium denticulatum, and P. conicum. At all stations, S. 
trochoidea dominated the cyst assemblages with a maximal abundance of 1303 living cysts/cm ~ in 
the uppermost half centimetre, Cysts of the potentially toxic dinoflagellates Alexandrium cf. 
excavatum and A. cf. tamarense were scarce. In the upper 2-cm layer of sediment, dinoflagellate 
cysts were found in concentrations of 1.8 up to 682 living cysts/cm :3. Empty cysts constituted 22-56 % 
of total cyst abundance. The comparative distribution of the cysts showed a general increase in 
abundance from inshore sites to the offshore area, whereby sandy stations exhibited the lowest cyst 
abundance and diversity. The wide distribution of living and empty cysts of Scrippsiella lachrymosa 
suggests that its motile form, which has not been officially recorded in the area until now, is a 
common plankton organism in German coastal waters~ The relatively high abundance o[ cysts in 
recent sediments demonstrates the potential importance of benthic resting stages for the initiation of 
dinoflagellate blooms in the study area. 

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

M a n y  p l a n k t o n  groups  i nc lude  a non -mo t i l e  d o r m a n t  e g g  or cyst s t age  in the i r  life 

h is tory  (e.g. copepods ,  c ladocerans ,  t int innids,  d ia toms,  and  dinof lagel la tes) .  Dinof lage l -  
la te  cysts a re  k n o w n  to geo log is t s  as an  i m p o r t a n t  g roup  of microfossi ls  ( 'hyst r icho-  

spheres ' )  u s e d  e x t e n s i v e l y  for b ios t r a t ig raphy  (e.g. in oil explorat ion) .  M o r e  t h a n  100 

yea r s  ago,  l iv ing  d inof l age l l a t e  res t ing  cysts w e r e  first o b s e r v e d  in p l a n k t o n  s a m p l e s  of 
t he  Nor th  Sea  (Stein,  1883; Hensen ,  1887; Mdbius ,  1887) and  w e r e  occas iona l ly  m e n -  

t i oned  in the  p h y c o l o g i c a l  l i tera ture ,  w h i c h  m a i n l y  dea l t  wi th  f r e s h w a t e r  e n v i r o n m e n t  

du r ing  the  first hal f  of the  t w e n t i e t h  cen tu ry  (e.g. Z e d e r b a u e r ,  1904; L o h m a n n ,  1910; 
Klebs,  1912; Diwald ,  1938; Braarud,  1945; Nordl i ,  1951). D e t a i l e d  i nves t i ga t i ons  were ,  

h o w e v e r ,  no t  ca r r i ed  out  unti l  the  1960s wi th  the  p i o n e e r i n g  w o r k  of the  pa l aeon to log i s t s  

Evi t t  & D a v i d s o n  (1964), Wall  (1965) and  Wal l  & D a l e  (1966, 1968a, b) w h i c h  s h o w e d  the 
cys t - theca  r e l a t ionsh ips  of m o d e r n  d inof lage l la tes .  Rega rd l e s s  of these  n e w  a reas  for 

a lgologis t s  a n d  wi th  the  t radi t ion of the  first d e t e c t i o n  of cysts in the  la te  1800s by  Stein,  

H e n s e n  and  M6bius ,  l i t t le is k n o w n  abou t  the  eco log ica l  i m p o r t a n c e  of d ino f l age l l a t e  
cysts in r e c e n t  sed imen t s ,  e spec ia l ly  in t he  s o u t h - e a s t e r n  par t  of the  Nor th  Sea.  
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Two types of cysts are found in dinoflagellate life cycles: (1) the asexual ly  formed 
temporary cyst, and (2) the resting cyst, the formation of which is the consequence  of a 
sexual process (Dale, 1983). Both types of cysts lack a flagella and accumula te  on the sea 
bottom. 

At present  many  aspects of the timing, location, and duration of dinoflagellate 
blooms have been  l inked to the encys tment /excys tment  cycle of those species  that form 
resting cysts during their life histories (Huber & Nipkow, 1922; Steidinger, 1975; Ander-  
son & Wall, 1978; Anderson & Morel, 1979; Anderson et al., 1983; Burkholder  et al., 
1992). Ecological studies concerning temporary cysts are few, because the occurrence of 
the latter in natural  waters has rarely been  recorded. But there is some ev idence  that the 
mechanism of the formation of temporary cysts is important  in relation to the persistence 
and recurrence of red tides in a certain l imited:area throughout  the summer  (Marasovic, 
1989; Nehring, 1992). 

Within the framework of the "Ecosystem Research Wadden  Sea Project, Part A", 
phytoplankton and their resting stages in brackish-water  bodies of the G e r m a n  North 
Sea coast are investigated. The present  publicat ion documents  the occurrence,  distribu- 
tion and abundance  of dinoflagellate resting cysts in recent  sediments  of the  North Sea, 
for the purpose of est imating their potential  importance in initiating m e n a c i n g  algal 
blooms in coastal zones of the North Sea. 

MATERIALS AND METHODS 

Undis turbed surface sediment  samples of the North Sea were collected with a 
Reineck box corer dur ing the RV Meteor cruise (No. 19) from 30th Sep tember  to 11th 
October 1991 and with a modified Jonasson & Olansson (1966) box sampler  dur ing the 
RV Gauss cruise (No. 202) from 5th March to 12th March 1992 (Table 1). Duplicate 
sediment  cores (10 cm long, 2.6 cm diameter) were obtained with the corer and were 
stored in the dark at 4 ~ unti l  further examination.  

Each core was processed using a modified biological technique of Ander son  et al. 
(1982) and Matsuoka et al. (1989) without any chemicals. The upper  2 or 3 cm of a 
sediment  core was part i t ioned into 0.5 cm up to 1 cm depth, the rest in 1 cm horizontal 
intervals and  mixed with filtered seawater. These subsamples  were sonicated for 1 rain in 
an ultrasonic c leaning  bath (Bransonic 52) to separate the cysts from organic and 
inorganic aggregates.  The suspension was passed through a 150 ~tm gauze and  accumu~ 
lated on a 20 ~m gauze. The residue on the 20 ~tm gauze was rewashed and  filled up with 
filtered seawater  to make  up a final volume of 20 ml. Several 1000 ~tl al iquots up to the 
whole 20 mt of this preparat ion were counted  on common slides using an  Olympus  light 
microscope or on Uterm6hl slides using a Zeiss Axiovert inver ted microscope. Living 
cysts (containing protoplasm) and empty cysts were separately quantified. 

Most of the cysts were identified according to descriptions given in the extensive 
literature about cysts. Palaeontologists and  biologists often use different names  for the 
life history stages of the same dinoflagellate. The biological (thecate) na me s  of species 
were used in this study. 

Unknown  cysts and  individual  cysts were used for germinat ion exper iments  to 
identify the species by the motile thecate cell. For this purpose, cysts were  picked out 
from Utermbhl slides, us ing  a micropipette, and  washed twice in filtered seawater.  The 
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Table 1. Positions, water depth and sediment type of the North Sea stations. M: RV Meteor; 
G: RV Gauss 

Station Coordinates Water depth Sampling date Sediment type 
(m) 

M644 55 ~ 35,89' N 44 6. 10. 91 muddy sand 
4 ~ 59,78' E 

M645 55 ~ 43~95' N 44 6. 10. 91 sandy mud 
6 ~ 25,02' E 

M668 54 ~ 15,01' N 41 I0. 10. 91 sandy mud 
7 ~ 29,46' E 

M671 54 ~ 14,00' N 14 10. 10. 91 muddy sand 
8 ~ 22,80' E 

G4 55 ~ 00,00' N 45 6. 3. 92 sandy mud 
6 ~ 13,82' E 

G9 54 ~ 59,79' N 15 7. 3. 92 sand 
8 ~ 15,04' E 

G l i  54 ~ 39,88' N 39 8. 3. 92 sandy mud 
6 ~ 45,20' E 

G20 54 ~ 50,0I' N 16 10. 3. 92 sand 
8 ~ 00,02' E 

G35 54 ~ 05,00' N 44 11. 3. 92 sandy mud 
7 ~ 50,00' E 

G36 53" 40,67' N 25 8. 3. 92 sand 
6 ~ 25,09' E 

GE4 54 "~ 08,43' N 23 11. 3~ 92 mud 
8 ~' 07,04' E 

cysts  w e r e  t h e n  p l a c e d  in smal l  s ter i le  i n c u b a t i o n  c h a m b e r s  (Corn ing  Cel l  Wells)  a n d  

fi l led up wi th  t he  f i l te red  s e a w a t e r  f rom the  s a m p l e  loca t ion  or t he  m e d i u m  F/2 (Guil lard 

& Ryther ,  1962). T h e  cysts  w e r e  k e p t  at r o o m  t e m p e r a t u r e  (~ 18 ~ u n d e r  n a t u r a l  l ight  

cond i t i ons  a n d  w e r e  e x a m i n e d  regu la r ly  for g e r m i n a t i o n .  If t hey  h a d  no t  g e r m i n a t e d  

w i th in  14 days,  t he  e x p e r i m e n t  w a s  a b a n d o n e d .  

For S c a n n i n g  E lec t ron  Mic roscopy ,  t he  cys ts  w e r e  a g a i n  ind iv idua l ly  p i c k e d  out  a n d  

m o u n t e d  on N u c l e o p o r e  filters. T h e s e  w e r e  f ixed  wi th  2 % f o r m a l d e h y d e  for 24h ,  

d e h y d r a t e d  in an  a c e t o n e  s e q u e n c e  a n d  s u b s e q u e n t l y  air dr ied .  After  s p u t t e r  coa t ing  

wi th  g o l d - p a l l a d i u m  (Balzers SCD 004), cys ts  w e r e  e x a m i n e d  in  a Zeiss  D S M  940. 

S e p a r a t e  s e d i m e n t  s a m p l e s  (top 1-cm layer)  w e r e  u s e d  for d e t e r m i n i n g  t h e  ign i t ion  

loss  of the  o rgan i c  c o n t e n t  by c o m b u s t i n g  the  o rg an i c  ma t e r i a l  for 24 h at 550 ~ 

RESULTS 

O c c u r r e n c e  of  r e s t i n g  c y s t s  

M o r e  t h a n  s e v e n t y  s p e c i e s  of m a r i n e  a n d  m o r e  than  t w e n t y  s p ec i e s  of f r e s h w a t e r  

p l a n k t o n i c  d ino f l age l l a t e s  p r o d u c e  a r e s t i ng  cyst  as pa r t  of the i r  sexua]  life cycle  

(Nehr ing ,  1993a). For t he  G e r m a n  N o r t h  S e a  coast ,  mot i le  t h e c a t e  s t a g e s  of 45 cyst-  
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Table 2. Motile stage of resting cyst-forming dinoflagellate species recorded by Drebes & Elbr~chter 
(1976) and Elbr~chter [pers, comm.) in the south-eastern North Sea. ~ benthic species 

Alexandrium affine 
Alexandrium excavatum 
Alexandrfum lusitanicum 
Alexandnum ostenfeldii 
Alexandrium pseudogonyaulax 
Alexandriurn tamarense 
Amphidinium carterae 
Coolia monotis + 
Diplopelta parva 
Diplopsalis lebourae 
Diplopsalis len ticula 
Diplopsalopsis orbiculans 
Gonyaulax digitales 
Gonyaulax scrippsae 
Gonyaulax spinifera 

Gonyaulax verior 
Gyrodinium instriatum 
Gyrodinium uncatenum 
Katodinium fungiforme 
Oblea rotunda 
Peridinium dalei 
Polykrikos kofoidii 
Polykrikos schwartzii 
Prorocentrum lima + 
Protoceratium reticulatum 
Protoperidiniurn avellana 
Protoperidinium claudicans 
Protoperidinium conicoides 
Protoperidinium conicum 
Protoperidinium denticulatum 

Protoperidinium divaricatum 
Protoperidinium divergens 
Protoper~dinium excentricum 
Protoperidinium leonis 
Protoperidinium minutum 
Protoperidinium obtongurn 
Protoperidinium pen tagon urn 
Protoperidinium punctulaturn 
Protope~ffdinium subinerme 
Protoperidinium thorianum 
Protopendinium thulesense 
Pyrophacus horologiurn 
Pyrophacus steinii var. steinii 
Scrippsiella trochoidea 
Zygabikodinium lenticulaturn 

forming species are recorded (Drebes & Elbr~ichter, 1976; Elbr~ichter, pers. comm. See 
Table 2), but  no detailed information about  the presence of dinoflagellate cysts is 
available for this region. 

The present  study reveals that l iving and empty cysts are widespread throughout  the 
invest igated stations. Altogether. 26 different cyst types were identified on species level 
(Table 3; Figs 1. 2). Several species were additionally identified from motile cells 
germinated  by single-cyst incubat ion exper iments  (Gonyaulax polyedra, Perich'nium 
dalei, Polykrikos schwartzii, Protoceratium reticulatum, Protoperidinium conicoides, P. 
conicum, P. denticulaturn, P. leonis, P. mmutum,  P. oblongum, P. cf. punctulatum, 
Scrippsiella trochoidea). For German coastal sediments  fStat. M671, G9, G20, G35, GE4), 
20 cyst forms of the 45 motile cyst-forming species occurring in the region were detected, 
whereby for Gonyaulax spinifera, Polykrikos kofoichi (Figs IH, I), Protoperidinium 
conicoides (Fig. 10), P, divaricatum (Fig. 1R) and  P. pen tagonum (Fig. 1U), only empty 
cysts were found Gonyaulax spinifera can produce different cyst types (Fig. 1E. F), 
presumably  in response to different envi ronmenta l  conditions (Taylor & Gaines,  1989). 
These were designated here as a group. To date at least 6 cyst types have been  found to 
germinate  to a thecate cell of Gonyaulax spinifera (Dodge, 1989). In the palaeontological  
taxon, numerous  cyst types of Gonyaulax spinifera are differentiated. Possibly this 
extremely varied cyst type indicates that it is, in fact. a species complex. 

The most common species, in order of decreasing abundances  of l iving cysts, were 
Scrippsiella trochoidea (Figs 2A-C), Zygabikodinium lenticulatum [Fig. lV), Peridinium 
dalei (Fig. 1G), Scrippsiella lachrymosa (Figs 2D-F), Protoceratium reticulatum (Pigs 1L, 
M), Protoperidinium denticulatum (Fig. 1Q), and  P. conicum (Fig. 1P). Cysts of the 
potential ly toxic Alexandrium cf. excavatum (Fig. 1A), A. cf. tamarense (Fig. 1B) and of 
the potential ly noxious bloom-forming Gonyaulax polyedra (Fig. 1D) were restricted 
mainly  to the offshore area. The wide distr ibution of l iving and empty cysts of Scrippsiella 
lachrymosa suggests that this form, in addition to S. trochoidea, is a common plankton 
organism in  German  coastal waters. However,  motile forms of S. lachrymosa have not 
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been  officially recorded so far in the region (Elbr~chter, pets. comm.). Probably they have 

been  over looked because  of their small size and the difficulty to distinguish them from 
closely related orthoperidinoid species. In contrast to this, the cysts of Scrippsiella species 

possess unequivoca l  morphological  dist inguishing features. The cyst of S. trochoidea has 

a highly variable,  ovoid to spherical form, dark greyish-coloured with a bright  red 

accumulat ion body often visible (Figs 2A-C). The cyst is 25 to 48 9m long and 25 to 44 ~m 
wide,  covered by numerous  calcareous spines up to 10 ~m long. The spine shafts 

terminate  in blunt, capitate or pointed ends. The archeopyle (excystment aper ture  in the 

cyst wall) is a split towards one end of the cyst, forming a cap-shaped operculum. The cyst 
of S. lachrymosa has an e longate  oval form and is covered with thin, f la t tened calcareous 

plates which are jointly indented  (Figs 2D-F). The cyst is 35 to 47 ~tm long and 17 to 35 ~m 

wide. A bright  red accumulat ion body is visible and the archeopyle is a smooth split 

towards the cyst-apex. Only a few cysts of S. trifida were  found offshore. The shape of this 

cyst is oval with a length of 29 to 41 ~m and a width of 21 to 30 ~m (Fig. 2G). The cyst wall 
is covered  by a number  of trifurcate, recurved,  calcareous spines, and a red body is often 

visible. The archeopyle  was not detected,  but Lewis (1991) descr ibed it as an apical split 

which is somet imes notched, remaining at tached to one side of the main body of the cyst. 
In addition to the identified forms, 7 unknown cyst types were  found. Unfortunately,  

in these cases germinat ion exper iments  were  not very successful. One of these cyst types 
(Fig. 1W) (isolated at G35, G36, GE4) was brown and spherical (38 to 40 L~m diameter~ 

excl. spines) with numerous  slender, curved spines (2 to 5 ~tm long). Numerous  small 

plastids and oil globules occur within the microgranular  protoplasm. One cyst was 
germina ted  to give a motile thecate cell and was identified as Protoperidinium cf. 

curvipes. At present  this cyst-theca relationship is unknown:  therefore, further examina-  

tions are in progress. At Station M645. a spherical  (34 ~tm diameter) pale brown cyst with 
a loosely-at tached and folded, membranous  outer layer was found. This cyst type is 

similar to Protopezidinium americanum, which, however, is not well known and the 
thecate cell has not been  previously recorded in the North Sea region. Two of the 

unknown cyst types were  of quanti tat ive importance in the central  part of the investi- 
ga ted  area (G4, G l l .  M668). Both cysts are spherical  with a pale content, and pale 

ye l low/orange  accumulat ion bodies are present. Cyst walls are colourless but both are 

Fig. 1 Dinoflagellate resting cysts, isolated from recent North Sea sediments. A: Alexandn'urn cf. 
excavatum. B: Alexandrium cf. tamarense. C: Gonyaulax digitalis. D: Empty cyst of Gonyaulax 
polyedra. E-F: Empty cysts of Gonyaulax spinifera group, E: Palaeontological taxon Spiniferites 
elongatus; F: Palaeontological taxon Spiniferites mirabilis. G: Peridinlum dalei, cell contents with 
red body (arrow). H-I: Empty cyst of Polyla~kos kofoidii. H: Optical cross-section, archeopyle 
(arrow); I: Surface detail showing rows of hollow processes which sometimes connect adjacent ones. 
J-K: Empty cysts of Polykrikos schwartzii. J: Optical cross-section archeopyle (arrow); K: Surface 
detail showing complex reticulate network of processes. L-M: Empty cysts of Protoceratiurn 
retl"culatum showing variation in process morphology, L: Cyst with long tapering spines with 
capitate tips; M: Cyst with short processes fnodular form). N: Protoperidiniurn claudicans. O: Empty 
cyst of Protoperidinium conicoides with archeopyle. P: Empty cyst of Protoperidinium conicum. Q: 
Empty cyst of Protoperidinium denticulatum with archeopyle. R: Empty cyst of Protoperidiniurn 
divancatum. S: Empty cyst of Protoperidinium leonis with archeopyle. T: Protoperidinium oblon- 
gum, cell contents with red oil globules (arrow}. U: Empty cyst of Protoperidinium pentagomum. V: 
Zygabikodinium lenticulatum, cyst enclosed within the theca. W: Unidentified cyst, probably cyst of 

Protoperidinium cur~pes. Scale bar: 40 ~tm in A-D, G-K, N, P, R-V, 20 ~m E, F. L. M, O, Q, W 
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Fig. 2. Scrippsiella resting cysts, isolated trom recent North Sea sediments. A-C: Scrippsiell~ 
trochoidea. A: Living cyst showing red body (arrow); B: SEM, cyst with numerous calcareous spines.. 
C: SEM detail of ornament. D-F: Scrippsiefla lachrymosa. D: Living cyst showing red body (arrow); 
E: SEM. cyst showing calcareous ornament: F: SEM. detail of ornament. G: Scrippsiella trifida, hving 

cyst showing red body (arrow). Scale bars: 20 ~m in A. D, G: 10 am in B, E, 2 ~m in C, F 
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significantly different in size (19 to 25 [~m d iameter  and  48 to 55 ~m d iamete r  respec-  
tively). Previously, a clear cyst type, similar to the former, was descr ibed  from uni -a tga l  
Scrippsiella trochoidea cultures (e.g. Braarud,  1957). A few spherical,  b rown cysts (30 to 
52 ~m diameter)  with a coarsely granular  surface and with a long slit as a rcheopyle  were  
found; however ,  these cysts were  f requent ly  deformed.  An identif icat ion was  not poss ible  
because  this cyst type  includes severa l  species  (Diplopsafis lebourae, D. lenticula, 
Diplopsalopsis orbicularis, Gotoius abei, Oblea rotunda) and were  des igna ted  in this 
s tudy as the 'Diplopsal id group' .  Ret iculate  cysts (30 [tm diameter ;  from Stat ions G l l  and  
G35) of the 'Diplopsal id  group '  p r o d u c e d  motile cells after incubat ion which  were  
comparab le  to the toxic, chainforming Gymnodinium catenatum (Nehring, 1993b). The 
severa l  l iving or empty, spherical,  b rown cysts (35-68 ,ttm diameter)  which were  found 
ei ther  did  not ge rmina te  in exper iments  (living cysts) or were  compressed  (empty cysts) 
and  were  des igna ted  in the s tudy as Protopinchnium spp. At Station M671 one large 
spherical ,  brown, living cyst (90 [tm diameter)  be long ing  to Protoperidinium was found. 
Reid (1977) isolated a similar, large  but  empty  cyst, with hexagonal  archeopyle ,  from 
recent  North Sea sediments  and ass igned  it to the pa laeonto logica l  taxon Brigantedinium 
majusculum. At present ,  the thecal  affinity is unknown.  Near  He lgo land  (GE4), an 
e longa te  ovoidal  grey cyst (105 ~m long, 73 ~tm wide) was found, bear ing  numerous  naps  
(d iameter  up to 14.5 [tm) (cf. Nehring,  1993a; Figs 5G, H). The cyst morphology  and the 
circular, "tremic" archeopyle  (sensu Matsuoka ,  1985) sugges t  that this unknow n  cyst 
type be longs  to Polykrikos, which most l ikely represents  a new cyst- theca relat ionship.  At 
present ,  in Polykrikos only the dist inctive cysts of P. koifodii (Figs 1H, I) and  P. schwartzii 
(Figs 1J, K) are known and  were  found in this study, too. 

D i s t r i b u t i o n  of r e s t i n g  cys t s  

For in terpre ta t ion of the distr ibution pat terns  of rest ing cysts, it is necessa ry  to 
descr ibe  the sed iment  characterist ics  of the inves t iga ted  stations (Table 1). The sedi-  
ments  vary from sand (G9, G20, G36), to fine sand with mud  (M644, M671) and mud with 
fine sand (M645, M668, G4, G11, G35) with the finest sediments  occurring near  Helgo-  
land  (GE4). The organic content  var ied  b e t w e e n  0.3 and  I0.2 %, be ing  lowest  at sandy  
stations and h ighes t  at site GE4. 

The compara t ive  distr ibution of the cysts showed  a genera l  increase  in a bunda nc e s  
from the inshore areas  to the offshore a rea  (Fig. 3) and  are also closely re la ted  to sed iment  
type. In the upper  2-cm sed iment  layer,  l iving dinof lagel la te  cysts were  found offshore in 
concentra t ions  of 682 cysts/cm 3 at the m u d d y  sand station (M644) and 582-607 cysts /cm 3 
at the sandy  mud stations (M645. G4). Empty  cysts const i tuted 34-53 % of the  total  cyst 
abundance .  The sandy coastal  stations (G36, G20. G9) were  character ized by the lowest  
cyst abundances  (1.8-10.3 l iving cysts/cma). The fraction of empty  cysts was 28-37 % of 
the  total  cyst counts. The muddy  sand  inshore  station conta ined  a concentrat ion of 41 
l iving cysts /cm 3 (M671). At the sandy  mud  stations, l iving cysts were  found in concen-  
trations of 98-341 cysts/cm 3 (G11, M668, G35) and  141 living cysts /cm 3 were  found at  the 
m u d  station (GE4). Empty cysts const i tuted 22-56 % of the total cyst abundance .  

The species  diversi ty of l iving cysts va r i ed  b e t w e e n  2 (G36) and 15 (M644) and  for 
empty  cysts be tween  2 (G36) and  21 (M645). Species  r ichness  may  be somewha t  h igher  
offshore than  in the  inshore  areas. This difference becomes  even more obvious when  rare 
spec ies  (< 1 cysts/cm 3) arp ~xcluded. 
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Fig. 3 Horizontal and vertical distribution of living and empty resting cysts of dinoflagellates in the 
uppermost centirnetres of sediment of the south-eastern North Sea {M: RV Meteor. October 1991: 

G: RV Gauss. March 19921 

The cyst distribution and abundances  of three common species Scrippsiella 
trochoidea, Zygabikodinium lenticulatum and Protoceratium reticulatum are  g iven  in 

Figures 4 to 6, At all stations, Scrippsiella trochoidea dominated the cyst assemblages .  

Living cysts of S, trochoidea obta ined a pe rcen tage  of up to 80 % in the uppe rmos t  2-cm 

sediment  layer at the offshore Stat ion M644. The cysts of ZFgabikodinium lenticulatum 
were  more abundant  in the nor thern  part  (M644, M645) and at stations a round  He lgo land  

than at the other coastal stations or in the central  part  of the inves t iga ted  area.  In contrast, 

abundances  of Protoceratium reticulatum cysts were  highest  offshore (M645) and lowest  

at the coastal sites. At three stations in the coastal water,  only empty cysts of this species 

were  found 
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Fig. 4. Horizontal and vertical distribution of living and empty resting cysts of the dinoflagellate 
Scrippsiella trochoidea in the uppermost centimetres of sediment of the south-eastern North Sea 

(M: RV Meteor, October 1991: G: RV Gauss. March 1992} 

Alexandr~um cf. e x c a v a t u m  cysts were  only found in a few sediment  layers at two 

stations (M645, G20) in very low abundances  (max 9.4 living cysts/cma). The cysts of A, 

cf. tamarense  were  only detected at Station M645, and in even lower abundances  than 

the former species, 
The small-scale vertical distribution of hying and empty cysts usually exhibited 

maximum concentrat ions well be low the sediment  surface. In this context the maximal  
abundance  of 1303 living cysts/cm 3 of Scrippsief la trochoidea in the uppermost  half 

cent imetres  of sediment  at Station M644 is a remarkable  exception, which may be a 
result  of a recent  b loom of S. trochoidea which ceased  at this station. 

At m n ~ t  q t ~ t i n n ~  t h p  ra t ]n  h ~ t w e ~ l l  l iving and emntv cysts of a b u n d a n t  specie,~ i n  a11 
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Fig. 5. Horizontal and vertical distribution of living and empty resting cysts of the dinoflagellate 
Zygabikodinium lenticulaturn in the uppermost centimetres of sediment of the south-eastern North 

Sea (M: RV Meteor, October 1991; G- RV Gauss, March 1992) 

analyzed sediment  layers was > 1. This tendency  was prominent  in Scrippsietla 
trochoidea and  Peridinium dalei, 

DISCUSSION 

The term 'cyst' has been  variously appl ied to different stages in  dinoflagel late  life 
histories (Dale. 1983}, bu t  two types are of part icular  biological interest: res t ing  cysts and 
temporary cysts. 

Resting cysts represent  the th ick-waned diploid stage of the sexual pa r t  of dino- 
flaqellate life cycles (Pfiester. 19891. In contrast to asexually formed temporary  cysts, they 
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Fig. 6 Horizontal and vertical distribution of living and empty resting cysts of the dinoflagellate 
Protoceratium reticulatum in the uppermost centimetres of sediment of the south-eastern North Sea 

M: RV Meteor. October 1991: G: RV Gauss. March 1992) 

apparent ly  cannot  re-establish motile populations immediately because resting cysts may 
have an endogenous ly  controlled mandatory  resting period. This may last anywhere  from 
weeks to months during which germinat ion is not possible, even when germinat ion 
conditions are optimal {Anderson & Keafer, 1987; Pfiester & Anderson 1987). These 
benthic stages can act as seed populations~ inoculating the water column in the next  
season with vegetat ive cells to initiate blooms (e.g. Anderson & Wall, 1978). 

Laboratory experiments  showed that rest ing cysts behave  like fine silt particles in the 
sedimentary regime and are thus concentrated by sedimentary processes (Dale 1976). 
Hence the abundance  distribution, and fate of deposited cysts are important  variables. 
Potential areas of deposition are muddy  or sandy muddy  regions, In addition, the 
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convergence zone at an estuarine front and  its associated pycnocline enable  the transfer 
of the encyst ing dinoflagellates from surface waters to their ultimate seedbed  locations 
(Tyler et al., 1982). At higher sedimentat ion rates of terrigenous debris, cyst concen- 
trations are likely to be lowered because  of dilution or burial. 

Stein (1883), credited with the first documenta t ion  of resting cyst formation, espe- 
cially for Pyrophacus horologium, described the resting cyst of Gonyaulax spinifera as 
cyst of Cladopyxis brachiolata, both found near  Helgoland. From freshwater samples, 
Stein described the resting cysts of Ceratium cornuturn and C. hirundinella as C. 
macroceros. Hensen  (1887) recorded from North Sea p lankton samples the distinctive 
living resting cyst of Polykrikos schwartzii as an "umrindete  Cyste", and  possibly the 
resting cyst of Protoceratium reticulatum as Xanthidium multispinosum. The latter was 
also ment ioned  by M6bius (1887). In culture experiments with North Sea plankton,  it was 
shown that most likely Fragilidinium subglobosum, as well as Cachonina niei, formed 
resting cysts (Stosch, 1969a, b). At present, however, no findings of cysts of these species 
have b e e n  reported in recent  sediments.  The only record of recent dinoflagellate cysts in 
bottom sediments of the south-eastern part of the North sea was given by Chowdhury 
(1982). He found only a few empty cysts of Gonyaulax spinifera, Protoperidinium cf. 
leonis, P. conicoides and P. pentagonum. The dominance  of Scrippsiella spp. cysts in this 
area of the North Sea - as demonstra ted in the present  study - could not be  detected in 
Chowdhury 's  study because  his harsh palynological  preparat ion methods for plant  spores 
only preserved some sporopollenin resting cysts of dinoflagellates and not the calcareous 
resting cysts of Scrippsiella spp. This also holds true for other investigations of North Sea 
sediments  (Reid, 1974, 1975, 1977; Dale, 1976). Moreover, the dominance of Scrippsiella 
spp. cysts is remarkable,  because  as Dale (1986) pointed out, calcareous cysts are 
relatively more important  in tropical and oceanic regions rather than in tempera te  ones. 
But Reid (1975. 1978) also noted that S. trochoidea cysts represent  one of the common 
dinoflagellate cyst in the p lankton from British waters. 

Cyst morphology is increasingly regarded as an Important parameter  in the classifi- 
cation of modern  dinoflagellates. Direct comparison of motile stage details with their 
cysts showed that cyst differences be tween  species were more obvious (e.g. in  Diplop- 
salid complex, Gonyaulax, Scrippsiella). Cyst studies are reveal ing a benth ic  view of 
dinoflagellate ecology and offer a potential  tool for the prediction of future algal pests. 
They also may suggest the undetec ted  presence  of species in the water co lumn (Nehring, 
1994a. in press), e.g. in the present  study for Scnppsiella lachrymosa and possibly for S. 
tnfida. Finally, cysts may be indicators of water  circulation patterns (Nehring, 1993b), e.g. 
in  the present  study for Gonyaulax polyedra, Protoperidinium amencanum and P. 
compressum. The findings of vegetat ive cells of these species are rarely reported from 
North Sea investigations and no reports are known for the German Bight (Elbr~chter 
pers. comm). Because of their small size, cysts are chiefly transported with the residual 
currents (Anderson et al., 1985b; Sarjeant  et al., 1987) and perhaps here cysts are an 
indicator of water  influx through the English Channe l  in recent  years. 

In studies about the vertical distribution of cysts, the bulk  was found to occur in the 
uppermost  two to three centimetre sediment  layer (Anderson et al., 1982; Tyler et al., 
1982; White & Lewis. 1982; Nehring,  1994b, in  press). Temperature  (Anderson, 1980; 
Anderson  et al., 1985a), fight and  oxygen (Anderson et al., 1987) are important  factors 
that determine whether  a newly-formed cyst will eventual ly  germinate.  When  buried in 
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deeper  sediment  layers by sedimentat ion or bioturbation (Anderson et al., 1982), cysts 
may contribute little to bloom initiation, due to anoxia and other inhibitory micro- 
environmenta l  factors (Anderson et al., 1987). 

Most cyst distribution studies have invest igated the presence or absence  of a 
sporopollenin cyst species. Quanti tat ive cyst mapping  is much more t ime-consuming.  At 
present, only a few quanti tat ive studies are available, mostly concerned with the abun-  
dance of the potentially toxic Alexandrium species (e.g. White & Lewis, 1982; Anderson & 
Keafer, 1985; Cerebella et al., 1988). 

The trend in the inshore to offshore diversity as well as the abundance  of cysts in the 
invest igated North Sea sediments can be correlated with the hydrographical  and  biologi- 
cal characteristics of surface water masses. Diatoms and the Haptophyceae PhaeocFstis 
globosa predominate  in the turbulent  waters of the Wadden  Sea, whereby dinoflagellates 
occur preferably in stratified waters further north (Reid et al., 1990; Hesse & Nehring, 
1993). Unfortunately very little information on the formation, occurrence and  distribution 
of cysts in the p lankton is available. Cysts were only found in a relatively small n u m b e r  of 
offshore samples, but when  present, they often occurred in very large numbers  (Reid, 
1975, 1978). In contrast, cysts in estuarine samples were observed throughout  the year, 
but  often in low numbers  (< 10 cysts/l) (Balch et al., 1983; Nehring, unpubl.).  

The apparent  discrepancy be tween  the high cyst abundance  in North Sea sediments 
and the poor record of motile stages in the water column is due to an accumulat ion of 
living cysts in the sediment  over many  years. This is reflected both by the fact that most 
cysts occur in subsurface sediment  layers and  by the observed low percentage of empty 
cysts. Little information is available about  the germinat ion rate of dinoflagellate cysts in 
natural  waters. Anderson & Keafer (1985) noted that the input  of new cells from 
Alexandrium tamarense cysts is probably < 10 % of the total cyst abundance .  In contrast 
to sporopollenin cysts, the ratio of living to empty cysts of the calcareous cysts of 
Scrippsiella spp. may not only be inf luenced by a difference in germinat ion rates, but  also 
by the greater fragility of the empty cyst wall (Lewis, 1988). As a consequence  of cyst 
accumulation, an unexpected number  of cysts is present  in the sediment  for bloom 
initiation. Cysts are able to survive for years in anoxic sediments (Dale, 1983; Anderson et 
al., 1987), and bioturbation or resuspension events may bring buried resting stages back 
to the sediment  surface or into the water column (Balch et al., 1983; Marcus & Schmidt- 
Gegenbach.  1986). 

In the present  study, few toxic cysts of Alexandlffum cf. excavatum and  A. cf 
tamarense were found. The absence of the detectable cysts of a species, however,  does 
not necessarily indicate that a region is free from the threat of toxic blooms, since there 
are many toxic dinoflagellates without observed cyst-stages in their life cycle (e.g. 
Dinophysis spp.). Moreover. there is some evidence that factors such as cyst resuspension 
and  current transport may repeatedly infect areas with toxic species (Cerebella et al. 
1988: Anderson, 1989; Nehring, 1993b). In addition exotic transport mechanisms of 
cysts, such as within the mud attached to birds legs, may be relevant  m species dispersal 
(Langhans, 1925). As has been  the case for many  coastal marine  macrofaunal  organisms 
(for review, see Carlton, i985), non -endemic  dinoflagellate species can be inadvertent ly  
introduced to a region when their cysts are discharged with the ballast water  in marine 
harbours (Hallegraeff & Sumner,  1986; Hallegraeff & Bolch, 1991). 
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C O N C L U S I O N  

The  role of t he  c o m p l e x  l i f e - s t r a t egy  of p h y t o p l a n k t o n  o r g a n i s m s  for  t h e  d e v e l o p -  

m e n t  of a lgal  p e s t s  in coas ta l  z o n e s  has  no t  b e e n  c o n s i d e r e d  suff ic ient ly  in t h e  pas t .  The  

resul ts ,  e spec i a l ly  t he  re la t ive ly  h i g h  a b u n d a n c e  of cysts  in r e c e n t  s e d i m e n t s ,  d e m o n -  

s t ra te  the  po t en t i a l  i m p o r t a n c e  of b e n t h i c  r e s t i n g  cys ts  for t h e  in i t ia t ion of d i n o f l ag e l l a t e  

b looms  in the  i n v e s t i g a t e d  a rea  of the  N o r t h  Sea.  R e c o g n i z i n g  the  i m p o r t a n t  role  of t he  

r e s t i ng  cyst  in t he  life cycle  of d ino f l age l l a t e s ,  t h e r e  is an  i n c r e a s i n g  n e e d  to s t u d y  cysts  in  

p h y t o p l a n k t o n  eco logy  in  c o m b i n a t i o n  w i t h  s t u d i e s  of h y d r o d y n a m i c ,  c h e m i c a l  a n d  

b io logica l  fac tors  of the  w a t e r  c o l u m n  for a b e t t e r  u n d e r s t a n d i n g  of t h e  spat ia l  a n d  

t e m p o r a l  d y n a m i c s  of d ino f l age l l a t e  b looms .  
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