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ABSTRACT: A statistical analysis was performed to determine environmental  factors of significant 
influence on the mesozooplankton in the nor thern Wadden Sea of Sylt (German Bight) in 1991. The 
total mesozooplankton (> 76 ~tm) was significantly correlated with water temperature  as was the 
case with the calanoid copepod Acartia sp.; Pseudo- and Paracalanus sp. were influenced by the 
amount  of rainfall, whereas  the amount  of the meroplanktonic larvae of the cirripedia was related to 
the amount  of particulate organic nitrogen in the water. A comparison of the years 1984 and 1991 
demonstrates  the positive effect of temperature  on the copepod species Acartia sp. in summer. 

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

As ea r ly  as 1930, r e s e a r c h  at  t he  B i o l o g i s c h e  A n s t a l t  H e l g o l a n d  on  z o o p l a n k t o n  in 

t h e  W a d d e n  S e a  a r e a s  of Sylt  f o c u s e d  o n  t h e  r e l a t i o n s h i p s  b e t w e e n  e n v i r o n m e n t a l  

factors ,  s u c h  as  t e m p e r a t u r e  a n d  sal in i ty ,  a n d  t h e  an ima l s .  Th i s  h a d  m a i n l y  e c o n o m i c  

r e a s o n s  - t he  s t a t e - o w n e d  oys t e r  b a n k s  in  the  r e s e a r c h  a r e a  s h o w e d  d e c r e a s e s  in c a t c h  

a b u n d a n c e  ( H a g m e i e r  & K~ndle r ,  1927: H a g m e i e r  & S c h u b e r t .  1930). H a g m e i e r  (1940) 

c l a i m e d  t h e s e  i n v e s t i g a t i o n s  as  a ba s i s  for e s t i m a t i o n s  m m a n n e  p r o d u c t i o n  b io logy .  

T h e  r e c e n t  r e s e a r c h  on  p l a n k t o n  w i t h  r e f e r e n c e  to e n v i r o n m e n t a l  fac tors  in  t h e  

n o r t h e r n  W a d d e n  Sea  of Sylt, i n i t i a t e d  b y  H i c k e l  (1975) a n d  M a r t e n s  (1981), h a s  t a k e n  a n  

i n c r e a s i n g l y  e c o l o g i c a l  a p p r o a c h  w h i c h  h a s  l ed  to t h e  S W A P  pro jec t  (Sylt W a d d e n  Sea  

E x c h a n g e  P rocesses )  n o w  in p rogress .  

T h e  first r e s u l t s  of c o m p a r i s o n s  of d i f f e r e n t  z o o p l a n k t o n  spec i e s  f rom d i f f e r e n t  y e a r s  

s h o w  i n t e r e s t i n g  f e a t u r e s  w i t h  r e s pec t  to t he i r  r e a c t i o n  to e n v i r o n m e n t a l  factors.  T h e  

e x a m i n a t i o n  of a s ing le  a n i m a l  s pec i e s  s h o w s  a g r e a t  v a r i e t y  of fac tors  of s i g n i f i c a n t  

i n f l u e n c e  c o m p a r e d  to " m a s s  p a r a m e t e r s "  l ike  z o o p l a n k t o n  dry  we igh t ,  for  i n s t a n c e .  

M A T E R I A L  A N D  M E T H O D S  

S ince  1975. v a r i o u s  p a r a m e t e r s  w e r e  m e a s u r e d  b i - w e e k l y  ( d e p e n d i n g  o n  w e a t h e r )  a t  

four  d i f f e r e n t  s t a t i o n s  in t h e  n o r t h e r n  W a d d e n  S e a  of Syl t  i n  o r d e r  to s t u d y  t h e  b io Iog ica l  

o c e a n o g r a p h y  of th i s  a rea .  T h i s  p a p e r  d e a l s  w i t h  t h e  m e a s u r e m e n t s  of t h e  f o l l o w i n q  

p a r a m e t e r s  t a k e n  d u r i n g  1991 f rom t h e  s t a t i o n  Lis te r  Ley (Fig. 1): 
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Fig. 1. Research area in the northern Wadden Sea of Sylt IGerman Bight, North. Sea) 

Water temperature  (+ 0.05 ~ reversing thermometer) 
Salinity ( z  0.001S~ Guildl ine salinometer) 
Chlorophyll-a (+ 0.1 ~g dm-3;  UNESCO standard method) 
Particulate organic carbon (POC) (___ 5 %; Carlo Erba NA 1500 NCS-Analyser)  
Particulate organic ni trogen (PON) (___5 %; Carlo Erba NA 1500 NCS-Analyser) 
Seston dry weight ( i  0.01 mg 1-1) 
Rainfall {__ 0.1 dm 3 m -2 d -  1; Deutscher Wet te rd iens t  Station 

List) 
Mesozooplankton 

Water samples were taken with TPN-water  samplers (system Hydrobios) at 1 m 
depth, Due to the high current speed at the sampling station nearly no stratification 
occurred. Therefore, the surface samples are taken  as representat ive for the whole water  
column. 

Samples for the seston dry weight  determinat ion were filtered through pre-com- 
busted and pre-welghed Whatman  GF/cglass-f ibre filters, washed twice with 5 ml 
distilled water to remove the salt, dried at 60~ for about  12 hours and weighed  on a 
semi-micro ba lance  (Sartorius 2474). For the determinat ion of POC and  PON, the same 
filters were treated afterwards with hydrochloric acid vapour  for about  24 hours tc 
remove the carbonate  fraction and  ashed in an  e lementa l  analyser  { Carlo Erba model  NA 
1500}. The  accuracy of the method is ca 5 % for POC and PON in relation to absolute 
values. 
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Due to the large amount  of seston in the water, no zooplankton nets could be used 

since the c logging factor would be too high. Samples for mesozooplankton were  taken 

with buckets  from the water  surface. Thirty-five d m  3 w e r e  filtered through gauze  with a 

76 ~m mesh size and the animals were  preserved  in 2 % formaldehyde-seawater  solution. 

The animals were  counted  under  the microscope in the laboratory and the raw data was 
conver ted  to dry weight  values using empirical  factors given by Hil lebrandt  (1972) and 

Martens  (1975). The copepod species Pseudo- and Paracalanus are referred to as P.- 

Calanus, since the larval stages of these species were  not distinguished. 

STATISTICAL PROCEDURES 

The raw measur ing values were  t ransformed to week ly  mean  values. To determine  

whe the r  parametric  or nonparametr ic  tests could be used in the statistical computations,  
all sets of data were  tested on significant deviation from the normal distribution. If a 

bet ter  fit to the normal distribution could be obtained, the data were  log-transformed. 
The methods  used were  Chi-square test for goodness of fit and Kolmogorov-Smirnov one- 

sample  test (StatSoft 1991). The majority of the data sets showed no significant deviation 
from the normal distribution; therefore, parametr ic  methods  were  used. In addition, 
significant correlations found by these methods  were  confirmed by the calculation of 

Spearman ' s  R, a distribution-free method.  To de termine  parameters  of significant influ- 

ence on the occurrence of the zooplankton species, a stepwise variable selection was 
done using a backward  stepwise l inear regression (StatSoft 1991). In all cases, the 5 % 

level  of significance was chosen as the limit. 
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Fig. 2. Weekly mean dry weight values of mesozooplankton and Acartia sp. during 1991 in Lister Ley 
(northern Wadden Sea of Sylt) 
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RESULTS 

Figure 2 shows the seasonal  distribution of the total mesozooplankton  in 1991. 

Beginning in early spring, we  have  a slow increase in zooplankton start ing with the 

meroplanktonic  larvae, mainly cirr ipede and polychaete  larvae (primarily la rvae  of the 

spionid). This occurs about  the same time w h e n  the chlorophyll-a values beg in  to rise 

(around the 13th week).  The meroplanktonic  larvae are followed by the holoplankton,  

mainly calanoid copepods, P.-Calanus sp., Temora longicornis, Centropages hamatus 
and the dominant  species Acartia sp., especial ly Acartia clausi. 

A stepwise variable  selection identifies water  temperature  as a pa rame te r  of signifi- 

cant influence on the total mesozooplankton  (R = 0.744, p <0.001). A S p e a r m a n  Rank 
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Fig. 3. Weekly mean values of water temperature during 1991 in Lister Ley 
Sylt) 
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northern ~JVadden Sea of 

Order  Correlation (R = 0,763. p < 0.00001) demonstrates  the same significant  relat ionship 
be tween  tempera ture  and zooplankton,  Figure  3 shows the water  t empera tu re  in the 

course of the year. After a constant increase from February to June.  a m ax im um  

tempera ture  of more than 20~ can be found at the beginning  of August ,  in w e e k  32, 

w h e n  the max imum of copepod abundance  is reached.  The dominant  species ,  Acartia sp. 
has its main occurrence durmg this time. as is shown in Figure 2. A s tepwise  var iable  

selection points out that water  t empera tu re  exerts a significant inf luence o n  Acartia sp. 

(R = 0.716. p<0.001) .  Nei ther  salinity nor food play an important  role  (p>0.2) .  A 
Spearman  Rank Order  Correlation (R = 0.762, p <0.00001) reveals the s a m e  significant 

relat ionship be tween  tempera ture  and Acartia sp. which is depicted in F igure  4. 

Figure 5 shows the seasonal  distribution of the P,-Calanus species (Pseudocalanus 
elongatus and Paracalanus parvus). It is the first calanoid copepod in the r e sea rch  area 

during the course of the year  which had a second maximum in autumn (about  the 33rd 

week), A stepwise variable  select ion demonst ra tes  that rainfall exerts a pos i t ive  signifi- 

cant inf luence on plankton abundance  (regression weight  B = 0.361, p = 0.008). The  
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Fig. 4. Linear regression for the relation be tween  T~ and Acartia sp. dry weight (log-transformed) 
during 1991 in Lister Ley (northern Wadden Sea of Sylt). Y-axis: log (rag dry weight  m-3); 

Y = -1 .298 + 0.216 �9 X; R = 0.716 (see Table 2); p<0.001  

a m o u n t  of p a r t i c u l a t e  o r g a n i c  n i t r o g e n  (PON) i n f l u e n c e s  t he  d i s t r i b u t i o n  to a l e s s e r  

e x t e n t ,  b u t  in  a n e g a t i v e  w a y  ( r e g r e s s i o n  w e i g h t  B = - 0 . 3 2 4 ,  p = 0.018). A S p e a r m a n  

R a n k  O r d e r  C o r r e l a t i o n  s h o w s  t he  i n f l u e n c e  of t h e  p a r a m e t e r  " ra in fa l l "  too (R = 0.298, 

p = 0.036) as c a n  b e  s e e n  in  F i g u r e  6. T h e  i n f l u e n c e  of P O N  was  n o t  s i g n i f i c a n t  

( c o n f i d e n c e  l e v e l  > 30 %). 
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Fig. 5. Weekly m e a n  dry weight  values of P.-Calanus and cirripede larvae durinq 1991 in Lister Lev 
(northern Wadden  Sea of Sylt) 
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Meroplanktonic larvae play an important  role in the ecology of the Wadden  Sea 
areas. Cirripede larvae are used as an example in Figure 5, which shows their seasonal 
distribution during 1991. In March one may recognize the first mass development  of the 
cirripede larvae which can be found in great quanti t ies up to the end of summer.  A 
stepwise variable selection reveals that particulate organic nitrogen exhibits a highly 
significantly positive correlation with the occurrence of cirripede larvae (regression 
weight  B = 1.031, p<0.001)  shown in Figure 7; whereas particulate organic carbon 
exerts a negat ive influence (regression weight  B = -0.859,  p < 0.001). A Spearman  Rank 
Order Correlation shows no significant correlations be tween  the parameters ment ioned  
(p> 0.15). 

Two years are compared as an example for the inf luence of temperature  on the 
occurrence of species. Figure 8 shows the water temperature  at the time of mass 
occurrence of Acartia sp. The year 1991 shows higher temperatures from the beginning ,  
with maximum values of nearly 21 ~ whereas  maximal  temperatures of about  19 ~ are 
reached in 1984 as late as the 35th week. This leads to a s tanding stock of Acartia sp. 
(mainly comprised of Acartia clausi and  Acartia discaudata) which was over 400 % 
greater in 1991 than in 1984 (Fig. 9). 

DISCUSSION 

The influence of water temperature  on zooplankton has been  previously described 
by various authors (Bary, 1963; Grainger  & McSween,  1976). In the German  Bight and its 
adjacent  coastal areas, temperature  and salinity have been  used to determine index 
species for different water masses (Kfinne, 1937). To transfer this kind of zooplankton 
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Fig. 8. Weekly mean values of water temperature during 1984 and 1991 in Lister Ley (northern 

Wadden Sea of S/it); �9 >~ = 1991; R--u = 1984 
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Fig. 9. Weekly mean dry weight values of Acartia sp. during 1984 and 1991 in Lister Ley (northern 

Wadden Sea of Sylth X-Axis: Week: Y-Axis: Acartia sp.-dry weight; �9 �9 = 1991; = - - i  = 1984 

research to the Wadden Sea area arouses some problems which are primarily of a 

technical  nature. The water  in the Wadden  Sea area has a high load of seston particles of 
up to 100 mg dm -3 (Martens, unpubl,  data}. This makes  the use of fine zooplankton nets 

nearly impossible, due to the high c logging effect. Kfinne (1952) avoided this p roblem by 
using very coarse nets (Helgoland larvae nets. mesh  size > 500 am). With this t echn ique  

much information is lost concerning small species, especial ly the larval s tages of the 

mesozooplankton.  To avoid this a bucke t  was used  in this study, which initially might  be  

considered a bit old-fashioned. Krsinic (1990) compared  several  methods  for obtaining 
zooplankton samples in coastal areas and came to the conclusion that  nets are not 

rehable, The opt imum would be a water  sampler,  but  samplers handl ing such volumes  
(35 htres in our case) are difficult to manipula te  from small vessels. Furthermore,  some of 

our stations in the Wadden  Sea area have  a water  depth of less than one metre which is 

too shallow to close a water  sampler.  Hickel  (1975) obtained up to 10 times more  

zooplankton compared  to net  hauls in the research area with the same methods  used 

during this investigation. Even relat ively quick zooplankton species such as chaetog-  
natha  or copepods like A n o m a l o c e r a  p a t e r s o n i i  are  caught  in h igher  numbers  than with a 

zooplankton net. Samples  during this invest igat ion were  taken only at the surface. They 

are thought  to be representat ive  for the whole  wa te r  column. According to Hickel  (1975), 
the strong tidal currents prevent  a stratification in the tidal channels.  This is confirmed by 

recent  measurements  with profiling CTD-probes  which show no stable stratification in 

the research area (Martens. unDubL data). 
The seasonal  distribution of the species studied in 1991 are very similar to findings of 

Hickel  (1975) and Martens (I981). Both studies report  the first max imum for A c a r t i a  sp. in 

April  with a second bigger  max imum in August  and a smaller peak  in Octo hot  Thi~ w ~  
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also the case in the investigation by Hernroth & Ackefors in the Baltic Proper (1979) and 
Martens '  study in Kiel Bight (1976) - a strong consistency within different years and 
locations. Martens (1976) found the same maxima of occurrence for Pseudocalanus sp. in 
Kiel Bight taking place in Apri l -June.  Hickel (1975) observed the maxima in the Wadden  
Sea area in March-April ,  with a second maximum at the end of September.  Kfinne (1952) 
found this species to be most a b u n d a n t  in the cold season. Hernroth & Ackefors (1979) 
de termined the broadest  range of salinity tolerance to be at temperatures  below 10~ 
Neither temperature  nor salinity had any significant influence on Pseudocalanus sp. in 
this study. The factor of greatest inf luence was determined to be the amount  of rainfall in 
the Wadden  Sea. A direct influence of the rainfall on any single species is not very likely. 
Vital parameters  such as salinity, temperature  and food availability showed no drastic 
changes  with the rainfall. A possible explanat ion for this might be provided by the 
prevail ing wind direction. The heavy rainfalls which coincided with high occurrences of 
Pseudocalanus species were, in 1991, brought  by southerly winds. These Pseudocalanus 
species might be the rest of populations from the southern German Wadden  Sea areas. 
Krause & Martens (1990) have shown Pseudocalanus to be relatively numerous  along the 
south-eastern border of the North Sea down to the English Channel .  Such meteorological 
influences on the abundance  of zooplankton have been  shown by Colebrook (1985) for 
the North Sea, where "westerly weather" had a positive influence on the zooplankton. 
Unfortunately, we have no quanti tat ive data on wind speed and -direction for the whole 
year of 1991, so the parameter  "rainfall" was taken as a measure for meteorological 
influences. Wind speed and -direction will be measured  quantitatively in the future to 
ascertain these influences.  

Cirripede larvae were found in this study to be positively inf luenced by particulate 
organic nitrogen. As has been  shown by Barnes & Stone (1973) and Barnes & Barnes 
(1975), an increase of food availability to the adults has a positive effect on the reproduc- 
tion of the animals. Barnes et al. (1978) showed a negat ive  influence of a protein-poor diet 
on the cirripedes. The negat ive effect of particulate organic carbon, in contrast to organic 
ni t rogen found in this study could be interpreted in the same way. 

The relatively high amount  of cirripede larvae in the northern Wadden  Sea of Sylt 
(which lies within the same order of magni tude  as Pseudocalanus sp.) shows the 
importance of meroplanktonic  larvae in the coastal areas. This is confirmed by Barnes & 
Barnes (1977) who gave a rough estimate of the production of cirripede larvae in the 
North Sea comprising 10-20 % of the whole zooplankton production 

The drastic differences found for instance, in Acartia sp. for 1984 and 1991 illumi- 
nate the importance of long-time measurements  when analysing such a complex marine 
ecosystem as the Wadden  Sea. Pseudocalanus sp. is a good example [or the necessity of 
measur ing  not only the conservative mar ine  envi ronmenta l  parameters, but  also of taking 
the meteorological inf luence into account. 
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