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Abstract Water temperature, salinity and precipitation,
micronutrients (N, P, Si) and chlorophyll a concentra-
tions in the Sylt-Regmg tidal basin (German Bight) devi-
ated between the early 1990s, with mild winters, and the
years 1996-1997 with a severe winter and a moderate
winter. As a consequence of low temperature, offshore
winds and low precipitation in the severe winter
1995/96, salinity peaked in February 1996 and nitrate
concentrations were low. The latter further decreased in
March as chlorophyll a peaked with an exceptional
bloom of the diatom Odontella aurita, probably trig-
gered by low water temperature. Winter temperatures
and spring chlorophyll a in the Sylt-Remg tidal basin
correlate well with the climatic North Atlantic Oscilla-
tion index.

Keywords NAO - Wadden Sea - Micronutrients -
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Introduction

The Sylt-Remg basin is a part of the northern Wadden
Sea (German Bight), situated between the barrier islands
of Sylt (Germany) and Remg (Denmark), and the main-
land. Artificial dams in the north and south separate the
bight from the adjoining Wadden Sea. There is only a
single connection with the North Sea, arelatively narrow
tidal inlet called Lister Deep. The basin is relatively
shallow, with about 33% intertidal flats. Deep channels
(below NN -5 m) comprise only 10% of the basin.
Therefore air temperature and rainfall markedly affect
the oceanography of the bight and a clear signal in chem-
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istry and biology should be found as a consequence of a
severe winter such as that of 1995/96.

Methods

Weekly measurements on the biological oceanography of the Sylt-
Reomg tidal basin have been performed since 1975, including the
parameters water temperature (reversing thermometer), salinity
(Autosal 8400a salinometer), the micronutrients PO,, NH,, NO,,
NO; and Si (after Grasshoff 1976), and chlorophyll a (UNESCO
standard method). Additional meteorological data (e.g. daily rain-
fall, daily wind direction and wind velocity) were obtained from
the Wetterstation List of the Deutscher Wetterdienst.

Water samples for the chemical analyses were collected by
TPN water samplers close to the surface of a major tida inlet.
Strong turbulence prevents a thermohaline stratification in these
waters (Hickel 1980; P. Martens, unpublished data). Therefore,
samples from the water surface are regarded as representative of
the entire water column. Measurements from the Sylt-Remg tidal
basin were compared to the North Atlantic Oscillation Index
(NAO) as provided by Salmon (1998).

Results
Water temperature

The seasonal cycle of water temperature in the Sylt-
Remg tidal basin is nearly sine-curved. Between 1991
and 1995 the lowest monthly mean was about 2°C while
summer temperatures rose to 21°C (Fig. 1). The severe
winter of 1995/96 was mirrored in a water temperature
4-5°C lower than during the preceding (1991-1995) pe-
riod and it took until May to reach the level of previous
years (Fig. 1). In January 1997 the water temperature
was as low as the year before but then showed a steep in-
crease to values 3°C higher than during the early 1990s
in August (Fig. 1).

Salinity and precipitation

The lowest salinity usually occurs in February/March,
about 1 month after the high precipitation at the begin-
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Fig. 1 Mean monthly values of water temperature (°C), salinity
(PSU), chlorophyll a (ug I-1) and precipitation (mm m=2), in the
Sylt-Rgmg tidal basin in 1996 (e—e ) and 1997 (m---m), grey ar-
ea range in 1991-1995
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ning of the year (period 1991-1995; Fig. 1). The annual
maximum salinity measurement is typicaly found in
August/September, coinciding with the annual maximum
water temperature and evaporation. In October/Novem-
ber, salinity decreases, again with a time lag relative to
the high rainfals in late summer (Fig. 1). In 1996 salini-
ty did not show the usual spring decline. Instead, there
was a steep increase in February, reaching values as high
asin atypical August. Unlike the previous years, precip-
itation in January was close to zero (Fig. 1). The same
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Fig. 2 Mean monthly values of nitrate, PO, and Si (umol dm=3) in
the Sylt-Remg tidal basin in 1996 (e —e ) and 1997 (m---m), grey
area range in 1991-1995

occurred in January 1997, but in February precipitation
rose to values similar to those in the preceding years
(Fig. 1). As aresult, the seasonal trend in salinity resem-
bled a very smoothed curve, with no spring decline asin
previous years, and no marked increase asin 1996.

Micronutrients and chlorophyll concentration

The amounts of micronutrients present usually attain
maximum values in the end of winter (Fig. 2). After-
wards nitrate concentrations sharply decrease from
March onwards and attain a summer minimum in Au-
gust. This decline coincides with increasing chlorophyll
a concentrations (Fig. 1), with maximum values in
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April/May. Silicate (Fig. 2) shows a similar seasonal
trend but minimum values occur earlier than for nitrate.
Phosphate concentrations tend to decrease moderately
during spring, with concentrations always well above the
l[imit of detection. There is no significant correlation
with chlorophyll.

In 1996 the spring micronutrient concentrations dif-
fered markedly from the previous period. In January, ni-
trate concentrations were the same as in the previous
years, but then the usual late winter increase did not oc-
cur. Instead there was a decline in February/March and
minimum values occurred as early as May. This coin-
cided with an early rise of chlorophyll concentration in
February/March (Fig. 2). The same tendency occurred
with silicate, which was below the level of detection as
early as March. Phosphate concentrations were lower
than during the previous years but had a similar seasonal
trend asin the 19911995 period (Fig. 2).

The 1997 nitrate level was very low during the entire
year (Fig. 2) while phosphate and silicate concentrations
did not differ markedly from the mean values of the
1991-1995 period. Chlorophyll a attained maximum val-
ues in April, with levels markedly lower than in 1996.
The 1997 phytoplankton spring bloom started about
1 month later than in 1996 (Fig. 1).

Discussion

After the severe winter of 1995/96 the seasonal trends as
well as the absolute values of the parameters investigat-
ed differed markedly from the preceding years. The
March decrease in salinity usualy follows the heavy
rainfalls in January and February with a 1 month time
lag (see the years 1992 and 1994 in Fig. 1). Thisis the
time needed by the River Elbe water to reach the Sylt-
Ramg tidal basin (Hickel 1980). Nitrate increases simul-
taneously with the salinity decrease. This is due to the
high nitrate load (about 160 pg dm-3) in the Elbe water
(Martens 1989). Neither an increase in nitrate concentra-
tion nor a decrease in salinity occurred in 1996. Instead
there was a sharp increase in salinity in February.

In the winter of 1995/96 strong offshore winds pre-
vailed (Fig. 3) and apparently deflected the River Elbe
plume from the coast. As a consequence only a little riv-
erine water of low salinity and high nitrate concentra-
tions entered the Sylt-Remg tidal basin. The intermittent
salinity peak in February may be the result of an inten-
sive ice formation at temperatures below —2°C, increas-
ing salinity in the residual water.

These low temperatures together with amost zero
precipitation at the beginning of the year 1996 resulted
also in a decreased input of the River Elbe into the
German Bight, as can be seen from relatively low nitrate
concentrations near Helgoland (about 30 pg dm3)
(P. Mangelsdorf, unpublished data). Accordingly, the ni-
trate peak usually observed in March was missing. In-
stead there was a sharp decline starting in February and
coinciding with a strong phytoplankton bloom. This was

Fig. 3 Wind direct/on (left) and windforce (right, in Beaufort) in
February 1995 and 1996 in the Sylt-Remg tidal basin

in effect a monospecies bloom formed by the mero-
planktonic diatom Odontella aurita (Lyngb.) Agardh
(G. Drebes, unpublished data). Its transition into the
planktonic stage is primarily triggered by low tempera-
ture (Cleve-Euler 1951; Baars 1986). Silicate decreased
in parallel with nitrate and the formation of this phyto-
plankton bloom.

The year 1997 demonstrates the strong interannual
variability of this region. As in 1996 there was no de-
crease in salinity in March, due to low precipitation
(Fig. 1) and low temperatures in January (Fig. 1). How-
ever, temperature increased sharply in February, reach-
ing the mean values of the early 1990s. No Odontella
bloom, as seen in 1996, occurred and the micronutrients
reached their minimum values later than in 1996. Nitrate
values in spring were low compared with earlier years.
During the same time period, nitrate concentrations near
Helgoland reached 70 pg dm-3, twice as much asin 1996
(P. Mangelsdorf, unpublished data). This phenomenon
can not be explained by the local wind measurements.
The mean wind direction was south-west. One possible
explanation could have been “the stormy easterly winds
in the southern German Bight at the beginning of 1997,
which led to a surface current in westward direction”
(Weigelt 1997) and shifted the River Elbe plume from
the coast in an westerly direction (Helgoland).

Early in the twentieth century, meteorol ogists noticed
that year-to-year fluctuations in winter air temperatures
on both sides of 1celand were often out of phase with one
another. When temperatures were below average over
Greenland they were above average in Scandinavia, and
vice versa. Simultaneously, coherent fluctuations in tem-
perature, rainfall and sea level pressure were document-
ed. This mode of climate variability was then given the
name “North Atlantic Oscillation” (NAO). More recent-
ly the phenomenon has been more strictly defined as the
atmospheric pressure difference between Iceland and the
Azores (Marshall and Kushnir 1997). A high NAO index
is characterised in the Northeast Atlantic by a reinforce-
ment of the westerlies that are pushed further south, and
hence by warmer winter temperatures than normal. On
the other hand, alow NAO index is typical of weakened
westerlies that are moved far north and by colder winter
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Fig. 4 Winter water temperature (°C; e—e) in the Sylt-Remg
tidal basin and NAO winter index (December to March; m---m) in
the years 1990-1997
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Fig. 5 Spearman rank correlation between the water temperature
in winter (°C) and the mean spring (March to June) chlorophyll a
concentration (ug dm3) in the Sylt-Remg tidal basin, R=0.695,
P<0.012

temperatures (Fromentin and Planque 1996). During the
last 50 years, countries surrounding the Atlantic Basin
have experienced dramatic changes in climatic condi-
tions (Marshall and Kushnir 1997). Since the mid-1960s
there has been a steady increase in winter storminess in
the Northeast Atlantic and the North Sea with an upward
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trend in winter rainfall while winter temperatures rose
steadily. However, these climatic trends may now be re-
versing (Marshall and Kushnir 1997).

These large-scale atmospheric fluctuations also affect
the Sylt-Remg tidal basin. There is a significant
(P<0.05) linear correlation between the NAO winter in-
dex (December—March) from 1990 to 1997 and the win-
ter temperature of the seawater in the Sylt-Remg tidal
basin (Fig. 4). In turn, the winter temperature of the wa-
ter correlates significantly negatively with the amount of
chlorophyll a found during the spring season (Fig. 5).
These correlations indicate that large-scale atmospheric
fluctuations, as expressed by the NAO winter index, may
be a major reason for the interannual variability in the
chemistry and biology of the Sylt-Rgmg tidal basin. This
includes direct and local effects such as air temperature,
as well as indirect effects such as precipitation in the
catchment area of the Elbe river, that affect the Sylt-
Remg tidal basin after a 1 month delay.
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