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6.1 Helgoland Roads (Site 30)

Karen Wiltshire and Alexandra Kraberg

ICES Phytoplankton and Microbial Plankton Status Report 2009/2010

The Helgoland Roads time-series, located at
the island of Helgoland in the German Bight,
approximately 60 km off the German mainland
(54°11'N 7°54'E), is one of the richest temporal
marine datasets available. The time-series was
initiated in 1962 at the Helgoland Roads site, which
is located between the main island of Helgoland
and a small sandy outcrop, the so-called “dune”.
The location near Helgoland is of particular interest
because the site is essentially in a transitional zone
between coastal and oceanic conditions, which
is seen most clearly in the salinity patterns at
Helgoland Roads. Initially, the sampling frequency
was thrice weekly, but this was increased to daily
in the early 1970s. Since then, the high sampling
frequency has provided a unique opportunity
to study long-term trends in abiotic and biotic
parameters, but also ecological phenomena, such
as seasonal interactions between different foodweb
components, niche properties, and the dynamics
and timing of the spring bloom (Mieruch et al.,
2010; Tian et al., 2011).

The measured parameters comprise phytoplankton,
temperature, salinity, and nutrient analyses.
Inorganic nutrients are determined following the
standard photometric method as described in
Grasshoff (1976). Phytoplankton counts are carried
out using the Utermohl method. A sample of 25 ml
is settled out, unless concentrations are so low as to
jeopardize later statistical analyses. In these cases,
50 ml of settled sample are counted. The sampling
procedure follows a strict protocol. The whole bottom

. °<>o‘fd/0p DQQ\Q“’

Salinity
i

GlobColour Chl (pg 1)

1 2 3 4 5 6 7 8

Month of Year

9 1w n 12

of the counting chamber is counted at an objective
magnification of 5, 10, and 20 to count organisms of
different size classes. For very abundant organisms,
only tracks of a known area are counted. This
indirect method is only used if the total number of
cells of a given taxon amounts to at least 50 cells.
Wherever possible, counts are made at the species
level, but for problematic groups, a predefined set of
size classes is used. The taxon list now contains over
300 entities. Both the phytoplankton and chemical
dataseries are fully quality-controlled, based on
original data sheets and metadata (Wiltshire and
Diirselen, 2004; Raabe and Wiltshire, 2009). The
phytoplankton time-series is augmented by the
biological parameters zooplankton, rocky shore
macroalgae, macro-zoobenthos, and bacteria,
providing a unique opportunity to investigate long-
term changes at an ecosystem scale.

Seasonal and interannual trends (Figure 6.1.2)

The multiple-comparison plot summarizes some of
the general changes in abiotic and biotic conditions
seen since 1962. The anomaly plots for temperature
and salinity all show increases in these parameters
over the last 50 years. Positive anomalies occurred
particularly since the late 1980s, when a regime
shift was also observed involving several foodweb
components (Wiltshire et al., 2008). The Helgoland
temperature shifts are largely congruent with
the Hadley SST dataset. Analyses by Wiltshire
et al. (2010) have demonstrated the statistical

Figure 6.1.1

Location of the Helgoland Roads
plankton monitoring area (Site
30), plotted on a map of average
chlorophyll  concentration, and
its corresponding environmental
summary plot (see Section 2.2.1).
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significance of these changes, with temperature
since 1962 amounting to 1.7°C (Wiltshire et al.,
2010). In tandem with the increases in temperature
and salinity, nutrient dynamics at Helgoland Roads
have also changed considerably, with phosphate
concentrations having declined significantly since
1962. Silicate, while exhibiting a more complex
pattern of anomalies, has also demonstrated an
overall increase. The simultaneous changes in
parameters such as silicate, salinity, and Secchi
depth (not shown) indicate a change towards more
open-water, oceanic conditions.

Long-term trends are also seen in the biota, with
diatoms in particular having exhibited an increase
in abundance, with a concomitant increase in
positive anomalies for total dinoflagellates (see
also Wiltshire et al., 2008). This was not a gradual
change, but a rapid shift from negative to positive
anomalies around 1998. The exact causes for this
are still under investigation. Breaking this down
to monthly trends, the swing seems to be largely

driven by shifts in autumn and winter. There was
also a significant shift in seasonal densities of
individual diatom species (Guinardia delicatula,
Paralia sulcata) and in the numbers of large diatoms
(e.g. Cocinodiscus wailesii), which are difficult for
copepods to graze. The large diatom Mediopyxis
helysia has recently been observed for the first time
and now occurs almost throughout the year, with an
intensive bloom in spring 2010 (Kraberg et al., 2011).
Generally speaking, the spring diatom bloom now
appears to start later, if the preceding autumn was
very warm (Wiltshire and Manly, 2004). Although
not the focus of this report, it is worth noting that
species introductions are also occurring in the
zooplankton, with the ctenophore Mnemiopsis leidyi
being the most obvious new species (Boersma et al.,
2007). The potential ecological consequences are
currently being investigated.



120000

1.00

0.80

0.60

20
16
12

32.80
32.40
32.00
31.60
31.20

1.0

0.6
0.4
0.2

Concentration Concentration

Concentration

ICES Phytoplankton and Microbial Plankton Status Report 2009/2010

1.2 1

0.8

Helgoland Roads
Total Diatoms (N L)
1.00
0.50
0.00
-0.50
I T 1 1 ] ] T T T 1 I I TTTTTTNrrTr T TN T T rrrrrrrerreerrrerrn -l'm
1234567 89101112 1950 1960 1970 1980 1990 2000 2010
Total Dinoflagellates (N L)
_-Z.Uﬂ
- 1.00
" - - 0.00
- -1.00
I T 1 1 ] L] ¥ ] U 1 T I IlIIIIIIIIllllilllililIIIIIIIIIIIIIlIlIIllII!IIIIIIIlIIIIIIIII--z‘m
1234567 89101112 1950 1960 1970 1980 1990 2000 2010
Diatoms:Diatoms+Dinoflagellates (ratio)
- 050
) - 025
QDO'DO - 0.00
o o L 025
. L .050
| SR L L L L L L L ) T rT e T T e TrrrrrrrrrerrrrerrrrrTrreinmd 4
1234567 89101112 1950 1960 1970 1980 1990 2000 2010
Temperature (°C)
2.00
1.00
0.00
-1.00
! I 1 1 ] 1 T I I I I I TTrTTT T Tr e e T e et rerrrrrrrrrerrrerrrenrn _2'00
1234567 89101112 1950 1960 1970 1980 1990 2000 2010
Salinity ()
1 ty :‘2.00
ki - 1.00
i lmnl_r[!.nf&...rl__.lfdlh..a{h.'mu_m 000
4 - -1.00
I I I 1 1 T T T I U I T III!IIIIIIIIIIIIIIIIBIII}IIIIIIIIIIIIIIIIIIIIIIIIIIIII!III!III--2‘00
1234567 89101112 1950 1960 1970 1980 1990 2000 2010
Phosphate (uM)
. o0 - 050
00Q C-'D O
3 o) p, wfmﬂﬁ— 0.00
L
E b L 0,50
| B B I RN N N (NN R N B R | IR NN RN EE RN EEE RN |
1234567 89101112 1950 1960 1970 1980 1990 2000 2010
Nitrate (uM)
" 0.50
S [ h—*[m 0.25
o Q g I L_Jll
\ 1 a 0.00
o o© 'i,ql‘zr-‘l"ﬂ'[ﬂ “r'l'
Yoot 1 -0.25
I I 1 1 ] ] T T T 1 I I TP rrTr e T TN e e T T e rrrrrrrerreenrrrersrn .{)‘50
1234567 89101112 1950 1960 1970 1980 1990 2000 2010
Silicate (UM)
a0 0.50
= 500 | .
\ O LE.:.'_.__‘_ 0.00
“30-0‘-'
-0.50
I T 1 1 ] ] ] ] I T I I PIr i TTr e rTr T e rrvvrrnrrrrrrreerreerrrerni
1234567 89101112 1950 1960 1970 1980 1990 2000 2010
Monthly Averages Annual Anomalies

Figure 6.1.2

Multiple-variable  comparison
plot (see Section 2.2.2) showing
the seasonal and interannual
properties of select cosampled
variables at the Helgoland
Roads  plankton — monitoring
site. Additional wvariables from
this site are available online at
http:/fwgpme.net/time-series.
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