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Abstract

The Helgoland Roads time series is one of the longest and most detailed time series in the world. It comprises daily
phytoplankton counts accompanied by physico-chemical measurements. As such, it provides valuable long-term
record of changes and their underlying causes in the phytoplankton community around Helgoland. This work
provides an updated check-list of the phytoplankton species encountered at the Helgoland Roads LTER station with
additional taxonomic assessments from live net samples and scanning electron microscope surveys. Since the last
check-list was published 11 additional taxa have been recorded for the first time comprising 9 diatom and 2 dino-
flagellate species. Of the 9 diatom species 3 were Chaetoceros species: Chaetoceros anastomosans, C. pseudocurvisetus
and C. lorenzianus (the latter identified by their resting cysts) which were all first recognised in September 2009. The
toxic dinoflagellate Dinophysis tripos, and the bipolar centric diatom Odontella longicruris both were first observed in
September 2015. The latest new record is the potentially toxic dinoflagellate Alexandrium ostenfeldii, first recorded in
August 2017. All of the first records (with the exception of Dinophysis tripos) were first observed in semi-quantitative
surveys based on live samples and SEM demonstrating that adding less frequent but very detailed assessments can
complement high frequency counts of fixed samples as long as these data of different origin are linked efficiently to
the individual sampling event and all metadata including representative pictorial metadata are recorded in a consist-
ent manner. In this manner the enhanced checklist serves as a baseline against which long-term changes in phyto-
plankton potentially related to ecosystem state can be addressed.

Keywords: Biodiversity, Helgoland transects, Helgoland Roads, New records, North Sea, Climate change, Long-term
monitoring

Background

The Helgoland Roads long-term data series is one of
the longest and richest biodiversity datasets in Europe
[1]. Since its founding in 1962 it has provided a unique
record of the long-term-changes in the phytoplankton
community around Helgoland. Through concurrent
measurements of inorganic nutrient concentrations and
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and indicate if changes were made.

physical parameters it provides the basis for the inter-
pretation of phytoplankton occurrence (e.g. [2]. Much
older semi-quantitative datasets are available as well [3].
The Helgoland Roads time series also has a high inter-
national standing with experts. Examples are the ICES
expert group on phytoplankton and microbial ecol-
ogy (http://wgpme.net), the IOC UNESCO TrendsPO
Group for global phytoplankton analyses and within the
German and European networks for long-term ecologi-
cal research (LTER). The time series is also an important
component of the Alfred-Wegener Institute’s time series
programme (https://www.awi.de/en/science/long-term-
observations.html, http://data.awi.de). In addition to the
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Helgoland Roads LTER time series, three transects from
Helgoland towards the Elbe and Eider estuaries and one
transect into the open North Sea are also sampled from
the RV Uthorn, on a monthly basis. The methodologies
applied are the same as for Helgoland Roads (see below).
Some information pertaining to these transects has also
been used to further illustrate the new records described
in this study.

Helgoland is located in a very dynamic hydrographic
environment under the influence of varying regimes
ranging from open North Sea conditions to more coastal
conditions with reduced salinity [4, 5], which is particu-
larly pronounced during periods of high river discharges
from the river Elbe. This also contributes to a rich micro-
algal community but with considerable interannual vari-
ability. The species list for the Helgoland Roads LTER
site is therefore extensive and requiring regular updates.
However, as with most time series, for practical reasons,
phytoplankton assessment is based on Lugol-fixed raw
samples and consequently a large number of taxa usu-
ally remain unidentified to species level or rare species
are missed because of the low volumes fixed. Lugol solu-
tion obscures taxonomic details (unless samples are de-
stained e.g. with sodium thiosulphate) and can distort
cell shapes [6]. Additional studies based on live and fixed
net samples (20 pm mesh size), collected regularly at Hel-
goland Roads (see below) were therefore also investigated
and this data included in the check-list.

The last review of the community at Helgoland Roads
was carried out in 2004 [7] (hereafter referred to as ‘taxo-
nomic check-list’). It was the first assessment of the Hel-
goland species complement since the check-list published
by Drebes and Elbrichter in 1976 [8]. these earlier works
were based mainly on observations of live cells from
net hauls, scanning electron microscope imagery and
cultures. Both laid emphasis on the dinoflagellates and
diatoms as these are dominant taxon groups at Helgo-
land Roads. The taxonomic check-list published in 2004
revealed 227 taxa in total including 132 diatom species
(from 53 genera) and 95 species of dinoflagellates (from
35 genera). Of these 35 diatom taxa and 28 dinoflagellate
taxa were new records for Helgoland Roads.

The taxonomic check-list was produced 15 years ago
and in the meantime a number of additional species have
been recorded and thus, this paper represents an update
on the species pool at Helgoland Roads. In the course of
this new examination of phytoplankton species at Hel-
goland Roads the taxonomic check-list was also incor-
porated into the current taxon list (hereafter referred to
as the ‘LTER list’) used for the routine quantitative phy-
toplankton counts (based on counts of Lugol-fixed sam-
ples) at the Helgoland Roads LTER site. By combining
the two lists we hope to provide one baseline for future
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investigations of species composition at Helgoland Roads
that can be expanded and annotated in a consistent man-
ner as new records are found. Future updates might also
include molecular data but for the present study we con-
centrated on methodologies similar to those in the older
studies.

Methods

Surface water samples for routine quantitative phy-
toplankton counts at the Helgoland Roads LTER site
(54.188330N, 7.9E) (Fig. 1) were collected work-daily,
using a bucket. The sample was mixed well before a
100 ml subsample was preserved in 0.1% neutral Lugol’s
iodine and stored in an amber glass bottle. Before 25 ml
was analysed using the Utermohl method [9]. In addition
to the bucket samples, net samples are taken twice a week
(mesh sizes 20 and 80 um). Samples were fixed in Hex-
amine-buffered Formalin (4%) and stored in 30 ml brown
glass bottles [10]. Due to time constraints the latter sam-
ples are not analysed routinely (i.e. twice a week year
round) but are used to complement the Lugol counts and
are analysed more extensively whenever time permits.
For the present study a total of 121 20 um net samples
were considered and were analysed prior to fixation to
investigate community composition on the basis of live
plankton. The earliest sample considered dates back to
2009 but the majority of samples were analysed between
2015 and 2018. The 20 um net samples were examined
live using an Axiovert 2 microscope at a magnification
of x200 and 400. Photographs were also taken at a mag-
nification of x400 with the exception of a small number
of large species, which were at x200 or less. Although

\ Helgoland

Fig. 1 Helgoland Roads Sampling location between the main island
of Helgoland and the Dune island
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these investigations are not quantitative, sampling effort
was controlled by always assessing two microscope slides
under a 20 x 60 mm cover slip. Despite the irregular anal-
ysis frequencies these samples are useful for taxonomic
assessments but it has to be noted that it is not possible
to infer any temporal dynamics from the with respect to
the appearance or appearance of species at the site. For
detailed taxonomic analyses (the main goal being to iden-
tify as many taxa as possible to species level) 20 of the
Formalin-fixed 20 um net samples were used for electron
microscopic analyses and additionally original descrip-
tions and other taxonomic literature available in peer-
reviewed publications were consulted.

Electron microscopy

Electron microscopy was carried out on selected samples
to provide additional confirmation for species identifi-
cations or to elucidate the identity of organisms. Prepa-
rations for Scanning electron microscopy (SEM) were
made from 20 pm net hauls originally fixed in 4% Hex-
amine buffered Formalin. Each sample was centrifuged
4-5 times at 2000 rpm for 5 min, each time removing
the supernatant and replacing it with distilled water [11].
When a small pellet had formed, this was transferred to
brown glass bottles and fixed with absolute alcohol. In
addition to these uncleaned samples, a second fraction of
the same sample was first acid cleaned to better reveal the
structure of the diatom frustules following the method of
[11]. For transmission electron microscopy (TEM) For-
malin-fixed net samples were used. TEM studies were
used mainly to investigate the Pseudo-nitzschia species at
Helgoland Roads which are not identifiable using light or
scanning electron microscopy. These were prepared fol-
lowing the methods described in Lundholm et al. [12].
For more details see also [13]. The present work did not
include analyses of molecular data sets.

Data treatment and archival

To assess the full complement of species recorded at Hel-
goland Roads to date (irrespective of whether they were
detected by full microscope counts, scanning electron
microscopy or observation of live material, the taxonomic
check-list of 2004 was compared and combined with spe-
cies reported in the Helgoland Roads LTER list. The latter
is a record of all taxa identified during the routine daily
quantitative counts using the Utermohl method. As this
list is based on Utermohl counts, it is less taxonomically
extensive than the taxonomic check-list. We paid spe-
cial attention to the use of multiple names for the same
taxon that could artificially inflate the number of spe-
cies in the combined list. As name changes and reported
name ambiguities were numerous, the names reported
in the taxonomic check-list were given preference (e.g.
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Rhizosolenia robusta in the LTER list vs Calyptrella
robusta in the taxonomic check-list). The goal of pro-
ducing a combined list was simply to produce a record
of taxa that have previously been recorded (by whatever
method), but explicitly not to investigate species fluxes
i.e. immigration into the system or local extinction.

In some cases, species names occurred exclusively
in the Helgoland Roads species list. As no image mate-
rial accompanied some of these older records, it was not
always clear whether they really referred to a distinct
species or were used as a proxy for certain groups (e.g.
Pseudo-nitzschia seriata for all Pseudo-nitzschia cells
with a diameter exceeding 3 um) they were kept in the
combined list (Table 1).

The names in the taxonomic check-list and the LTER
list were checked against entries in the World Regis-
ter of Marine Species (http://marinespecies.org, [14]).
All numerical data underlying this work are archived in
the online data repository Pangaea (http://www.panga
ea.de). Each annual data set in Pangaea is annotated
with the WORMS Aphia ID, so that for each individual
Pangaea species record, formal taxonomic data can also
be accessed. In addition, reference images have been
archived in the image repository PLANKTON*NET
(http://planktonnet.awi.de). These are, where relevant,
also linked back to the data sets in Pangaea (see exam-
ple in https://doi.pangaea.de/10.1594/PANGAEA .86290
6). The raw data are accompanied by a locally stored
metadata file, in which unusual weather phenomena, and
methodological issues affecting the samples are recorded.
Since 2015, a metadata archive for new taxa at Helgoland
Roads has also been maintained. This records the date
and place of first occurrence (Helgoland Roads or Hel-
goland transects), the type of sample the organism was
encountered in, as well as photographic documentation
of the observed taxon [15].

Results

Two species lists were previously generated for Helgo-
land Roads, the taxonomic species list [7] and the LTER
list for the actual Helgoland Roads quantitative counts.
Prior to the present work the LTER list that forms the
basis for the Helgoland phytoplankton counts, contained
261 entries with 84 distinct diatom and 41 dinoflagellate
species recognized (with entries of size classes for taxa
not identified to species level constituting the remainder.
After incorporating the taxa recorded in [7] and the new
finds described here, while also considering species men-
tioned in both lists, results in a total species list of 250
distinct species, with 147 diatom and 97 dinoflagellate
taxa and additionally, three silicoflagellates, two ciliate
species and one named chlorophyte species resulting in a
total of 250 species (Table 1).
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Below we report 11 new records, nine for diatoms
and two for dinoflagellate species. We also include
information on the environmental conditions for when
they were first recorded (Table 2).

Diatoms

Chaetoceros species (Fig. 2a, b and i)

Since 2004 three new records of Chaetoceros species
have been confirmed. Chaetoceros pseudocurvisetus
Mangin, 1910 was first detected in two net samples
(September 24th and September 29th 2009) and since
then on October 14th 2014 (Fig. 2a). Chaetoceros anos-
tomosans Grunow, 1882 was first observed in a 20 pm
net sample from September 24th 2009 (Fig. 2b). This
sample was very diverse with a total number of 66 iden-
tified taxa. Chaetoceros anastomosans is a very distinc-
tive species. The setae of adjacent cells are only linked at
a distance away from the valve margin by silica bridges
running parallel to the chain axis. Only one chain was
observed in the sample of September 24th and no cells
were found during the SEM surveys. Therefore, we
only show light micrographs. due to the distinctness
of the diagnostic features as the taxon was identified as
Chaetoceros anastomosans based on light micrographs
alone. After the first record in 2009 it was not recorded
again until July 2017 and then June 2018 on less than
10 occasions in total. Chaetoceros lorenzianus Grunow,
1863 was recorded on several occasions. A pair of cells
forming resting stages was observed (Fig. 2i), thereby
confirming its identity. C. lorenzianus has a very similar
morphology to C. decipiens but can be distinguished by
the formation of resting cysts, which have not yet been
observed in Chaetoceros decipiens Cleve, 1873. This
species was recorded again in several samples in Sep-
tember 2010 and was also abundant in September 2016.
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Odontella longicruris (Greville) M.A.Hoban, 1983 (Fig. 3a-c)
Odontella longicruris was first observed September 27th
2016. It is a bipolar centric diatom, which has a charac-
teristic cell outline in broad girdle view. The valve face
is strongly convex in the centre forming a clearly visible
elevation bearing two prominent spines arising from the
central valve face in close proximity before diverging.
The aperture is therefore typically panduriform [16].
Odontella longicruris is sometimes considered a warm
water species [17], but has actually a very broad (but not
cosmopolitan) distribution. It has been reported mostly
from coastal areas in the Pacific (both North and South
America and also from Asia e.g. Japan and along the
Argentinian coast) [18]. Our searches in both the Ocean
Biogeographic information system (OBIS) and the Global
Biodiversity Information Facility (GBIF) did not reveal
any records of this species for the North Atlantic in gen-
eral and specifically for the North Sea (https://www.gbif.
org/species/5421683, http://www.iobis.org/mapper/,
sites accessed January 16th, 2019). If this is indeed the
only (or one of very few possibly unreported) occurrences
of this species in the North Sea, it seems likely that this
is a recent introduction to the area (although the vector
of transport is entirely unclear). However, what may be
more interesting is the question of whether O. longicruris
is likely to establish as a regular phytoplankton compo-
nent. Considering that we have now seen records of this
species for over 2 years, albeit in low numbers, indicates
that this species might not just be a transient feature of
the Helgoland.

Mediopyxis helysia Kiihn, Hargreaves and Halliger, 2006

(Fig. 2¢)

This is a large bipolar centric diatom species (apical
diameter up to 100 pm first recorded from the Gulf of
Maine and the island of Sylt, see also [19]). It was first
recorded at the Helgoland Roads site in March 2009 [20].

Table 2 Environmental parameters at the time of detection of new taxa at Helgoland Roads, excluding species that were
confirmed on the basis of REM/TEM but for which the date of the first record is unclear

Species Detection date Temperature Salinity Total number Sample type
of sightings
Mediopyxis helysia 20.03.2009 4.4 29.194 > 100 Quantitative/
Semi-quanti-
tative
Chaetoceros anastomosans 24.09.2009 16.7 32938 <10 Semi-quantitative
Chaetoceros lorenzianus 24.09.2009 16.7 32938 <10 Semi-quantitative
Chaetoceros pseudocurvisetus 29.09.2009 16.5 32514 >10 Semi-quantitative
Dinophysis tripos 13.08.2014 18.2 33.310 1 Quantitative
Odontella longicruris 06.10.2015 159 33394 <10 Quantitative
2792016 16.5 3249 Semi-quantitative
Alexandrium ostenfeldii 8.8.2017 17.8 3253 <10 Semi-quantitative
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Fig. 2 a-jImages documenting the new taxon records at the Helgoland Roads Long-term monitoring station since 2004: a Chaetoceros
pseudocurvisetus, b Chaetoceros anastomosans, ¢ Mediopyxis helysia, d Skeletonema marinoi/dohrniii, e, f Pseudo-nitzschia americana, g, h
Pseudo-nitzschia multiseries, i Chaetoceros lorenzianus, as identified by their cyst stages, j, | Plagiolemma distortum (Image L author: Dr Claire
Widdicombe: http://planktonnet.awi.de/index.php?contenttype=image_details&itemid=66958#content)
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toxic thecate dinoflagellate Dinophysis tripos

Fig. 3 a-e Examples of new records (continued): a-c Morphological variants of the bipolar centric diatom Odontella longicruris (two sampling
dates: a, ¢ September 27th, 2016, b August 24th, 2017), d, e the toxic dinoflagellate Alexandrium ostenfeldii (d live cell, b calcofluor-stained cell), f the

The species has characteristic star-shaped chloroplasts
and the valve outline, which has one rounded and one
pointed valve apex, is also diagnostic. An earlier study
reported that this species was first observed in 2003 [21],
but it was not observed during the routine phytoplankton
counts on Lugol samples, and did not appear in the 2004
check-list. Mediopyxis helysia formed extensive blooms
in Helgoland Roads in 2010 (and also in the Dutch Wad-
den Sea [22], but appears to be restricted to quite specific
environmental conditions occurring predominantly dur-
ing periods with reduced salinities [20] and its numeric
importance appears to be diminishing again at least at
Helgoland Roads.

First records for diatoms only identifiable using advanced
microscopy e.g. electron microscopy

a. Pseudo-nitzschia species The combined check-list
also includes three new records of species that are likely
to have been occurring at Helgoland Roads previously,
but that could not be confirmed (and therefore not be
enumerated during routine monitoring) without detailed
SEM and TEM studies. These include Pseudo-nitzschia
americana (Fig. 2e, f) and Pseudo-nitzschia multiseries

(Fig. 2g, h) [13]. Both Pseudo-nitzschia species require
TEM for reliable identification. They are identified based
on their valve morphology particularly the number of
striae, number of poroid rows in the interstriae and the
number of fibulae. In Pseudo-nitzschia multiseries there
are 3—4 poroid rows, each with 4-6 poroids in 1 pm [23].
Pseudo-nitzschia americana cells on the other hand are
linear to slightly lanceolate in valve view and have broadly
rounded valve ends. [12, 24, 25]. For the Helgoland Roads
LTER site these two new records have been added to the
species list, but due to the methodological constraints
mentioned, they cannot be counted at species level. The
Helgoland Roads species list also mentions two further
species, Pseudo-nitzschia seriata (as a proxy for species
with a diameter exceeding 3 pm) and Pseudo-nitzschia
delicatissima. While true P, seriata has, to our knowledge,
not actually been observed in Helgoland as yvet, P. deli-
catissima has. However, as both names were used in the
past they were retained in the species list. With a diameter
of 2.5—-4 um, the latter taxon could have been included
in the counts for either of the two Pseudo-nitzschia size
classes, or, due to their somewhat atypical morphology,
have been counted as an unidentified pennate diatom.
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Since both P. multiseries and P. americana are known to
be toxic, and broadly distributed [26], attempts should
be made to identify them in future studies, with targeted
molecular studies but accompanied by microscopy.

b. Skeletonema marinoi Sarno and Zingone, 2005 (Fig. 3d)
[27, 28]  Skeletonema marinoi has probably been identi-
fied as S. costatum sensu lato previously. This species was
not identified in the routine Lugol samples but in scanning
and transmission electron micrographs (S. marinoi). Skel-
etonema costatum was previously thought to be a cosmo-
politan species. However, a considerable number of new
species have now been described and some of these have
quite distinct species distributions [29]. It is now clear
that the taxon named Skeletonema costatum, based on
type material, actually has quite a limited distribution and
does probably not occur in most areas from which it has
reported. Based on available samples, it actually seems to
be restricted to a small number of locations in North and
South America (Florida, Patos Lagoon in Brazil, Uruguay)
and the Taiwan Strait. The species in Helgoland is in fact
S. marinoi which has been reported from a large number
of locations, including the Adriatic and Baltic [30], the
Dutch Coast and English Channel [29] and the Atlantic
Coast of North and South America (and one record from
Peru). However, as this species is probably consistently
mis-identified in time series around the world, it is dif-
ficult to really assess its distributional history from data
relying on the routine microscope counts. More detailed
molecular analyses would be necessary here.

Plagiolemma distortum Nézan (Fig. 2j-1)

The first record of this species at Helgoland Roads was
on November 2nd 2016 and in Elbe transect station 6 (on
July 7th 2016). This is a pennate diatom with a sigmoid
raphe. Cells typically have an elliptical shape in girdle
view and lobed chloroplasts. Cells are motile and some-
times found within a mucilage envelope (Fig. 2j—1). The
identity of this taxon was unresolved until recently. How-
ever, based on our image material and live observations
of the taxon’s motility (Kraberg pers obs) the taxon has
now been assigned to the recently described diatom Pla-
giolemma distortum [31]. The taxon has been reported
from a number of localities in the German Bight and
English Channel (e.g. at time series station L4 run by
the Plymouth Marine Laboratory). The northern-most
record was located at the island of Sylt, see the sum-
mary in [32] The taxon has been documented by image
material since the early 1990s, which allowed the colla-
tion of a distribution history including data from long
before the taxon was named [32]. Interestingly while its
occurrence has now been confirmed in a number of loca-
tions in the southern North Sea and English Channel, all
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the early sightings were recorded from brackish waters
with a broadening of the distributional range in a north-
erly direction and towards the English Channel occur-
ring after 2013 and being recorded at L4 in November
2015 initially [32]. However, whether this is a true range
extension or the result of a greater availability of geo-
referenced image material is not at all clear and requires
further investigation.

Dinoflagellates

Dinophysis tripos Gourret, 1883 (Fig. 3f)

This species was first observed at Helgoland Roads in
2014. In addition to Helgoland Roads it has also been
found at station Elbe 1 (54.151700N, 7.891700E) of the
monthly Helgoland transect surveys. This is a large and
conspicuous species with two pronounced antapical pro-
trusions (in contrast to Dinophysis caudata Saville-Kent,
1881 which has only one such protrusion). Dinophysis
tripos is considered to be a warm-water species [33] with
only 4 records from the North Sea according to OBIS
(http://iobis.org/explore/#/taxon/434520, search carried
out on January 10th 2017). But it has also been observed
in the Skagerrak (http://nordicmicroalgae.org/taxon
/Dinophysis%20tripos?media_id=Dinophysis%20tri
pos_6.jpg, search carried out on January 15th 2019).

Alexandrium ostenfeldii (species complex, Fig. 3d, e)

This toxic thecate dinoflagellate was first confirmed
August 8th 2017, although since it is difficult to iden-
tify by light microscopy only, it might easily have been
overlooked previously. Cells were first detected in light
microscopy with differential interference contrast (DIC).
They were confirmed after staining with Calcofluor and
epifluorescence microscopy, which revealed the tear-
drop-shaped apical pore complex and the angular first
apical plate with its large pore, the latter facilitating iden-
tification as Alexandrium ostenfeldii (species complex).
This species is a potential producer of spirolides [34].

A. ostenfeldii has a broad geographical distribution
with blooms frequently occurring in the Baltic [30] and
also the Gulf of Maine [35]. It has also already been
reported from the Northern North Sea [36]. From the
records collected so far, this seems to be a predominantly
coastal species.

Discussion

Several check-lists have previously been produced for the
phytoplankton community around the island of Helgo-
land [7, 8]. Since the last comprehensive list in 2004 (tax-
onomic checklist) [7] 11 new taxa have been observed
in Helgoland Roads, in some cases backed up with addi-
tional records from the Helgoland transect surveys.


http://iobis.org/explore/#/taxon/434520
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These new records fall into two categories: (1) those
identified from routine counts of Lugol-fixed samples or
semi-quantitative assessments of live and preserved net
samples, and (2) those resulting from occasional inten-
sive surveys using additional microscopy techniques
(SEM, TEM and epifluorescence microscopy (e.g. for
confirmation of Alexandrium ostenfeldii)). The counts
for the long-term monitoring at the LTER site Helgoland
Roads are based on Lugol-fixed samples and therefore
many phytoplankton species are not identified to spe-
cies level. Hence, it is not surprising that it required addi-
tional studies, using scanning or transmission electron
microscopy or live net samples, to confirm some of the
new records. As these surveys are not feasible on a regu-
lar basis, new records based on such surveys can there-
fore not necessarily be interpreted as a sign of changing
environmental conditions. This is the case for the two
new Pseudo-nitzschia (Pseudo-nitzschia americana and
Pseudo-nitzschia multiseries) for Helgoland Roads [13].
It is not feasible to routinely identify these species reli-
ably, at least not in temporally highly resolved time series
such as Helgoland Roads, and thus, in these time series
they will continue to be recorded as an unnamed size
class (or identified as Pseudonitzschia spp in a given size
range). However, as at least P multiseries is a domoic
acid producer and has been reported from the North
Sea, an effort should be made to regularly assess the
presence of this species by periodic TEM surveys, with
molecular identification methods [37, 38] and using toxin
screenings.

The situation is different for Chaetoceros species
where several species that can be identified in live or
even Lugol-fixed samples, were recorded for the first
time. Chaetoceros anastomosans for instance is a rather
distinctive species, with intercalary setae that are
fused by way of a ‘bridge’ several ums away from the
valve pole. It is therefore unlikely to have been missed
in the past. Taking this into account, and considering
that quantitative counts are carried out at a very high,
work-daily frequency, this record can be regarded as
a true new record at Helgoland Roads. For the other
two Chaetoceros species (Chaetoceros pseudocurvisetus
and Chaetoceros lorenzianus), where there are similar
species present in the Helgoland phytoplankton com-
munity with which they might have been confused,
the situation is more complex. This is particularly true
for Chaetoceros lorenzianus, which is morphologically
variable, very similar in appearance to Chaetoceros
decipiens and is only reliably identifiable if cyst forma-
tion has been observed. Varying degrees of fusion of
the basal parts of adjacent intercalary setae was previ-
ously used to distinguish between taxa, but this is no
longer regarded as a reliable taxonomic feature [39].
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Chaetoceros lorenzianus is sometimes regarded as
a warm water species but has a very broad distribu-
tional range (OBIS 2016). Blooms of a similar species,
recorded as Chaetoceros cf. lorenzianus have been
observed in the Baltic recently also in autumn [40].

Similarly C. pseudocurvisetus might be relatively easy
to identify in broad girdle view but possibly not when
viewed in narrow girdle view, where the characteristic
aperture between valves is not visible. At Helgoland
there are two species with a morphology similar to C.
pseudocurvisetus namely C. debilis and C curvisetus
which also form curved chains with all setae point-
ing in the same direction towards the outside of the
chain. It is therefore conceivable that C. pseudocurvi-
setus has previously been overlooked. C. pseudocurvi-
setus is regarded as a warm water species [17]. It has
been recorded from the English channel and it was also
found in Narragansett Bay [41, 42], interestingly also in
September/October and in a similar assemblage to that
found in Helgoland in autumn 2009.

We were only able to update this check-list with a
combination of long-term observation and targeted
semi-quantitative light microscopic surveys. These
were mostly from one site so that no information about
the rate of immigration (flux) of new species at Helgo-
land Roads is available. Since, in contrast to the taxo-
nomic check-list of 2004 [7], we could not carry out
systematic electron microscopic or culturing studies
due to time constraints, it is also likely that many hith-
erto unreported taxa remain to be discovered. Particu-
larly for large diatom genera such as Pseudo-nitzschia,
Chaetoceros or Thalassiosira, more detailed studies
using a range of techniques are clearly to be recom-
mended to not miss new records and also to better
characterize the true diversity of the existing assem-
blages. However, these are beyond the scope of high-
frequency manual monitoring programmes such as that
at Helgoland Roads LTER. Thalassiosira is a particularly
good example as the species reported for Helgoland
Roads result mostly from previous intensive cultur-
ing and microscopic studies [43]. In the current study,
based mostly on light microscopy, only a small fraction
of the overall species complement was recorded. This
fact also shows that great care has to be taken in inter-
preting data based on these different methodologies, all
of which have their own biases and represent different
sampling efforts (e.g. in terms of the examined sample
volume). Just as new records based on the use of differ-
ent methodologies are not easily interpretable in terms
of rates of immigrations or changing environmental
conditions, the absence of species in a data set, even on
time scales of years, cannot necessarily be considered a
local extinction.
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Conclusion

High-frequency quantitative time-series such as Hel-
goland Roads provide an excellent insight into long-
term dynamics in a system, but standard methodologies
employed by such time series limit the taxonomic reso-
lution of the resulting data sets. Techniques such as
electron microscopy on the other hand, provide better
resolution, but are more time consuming and expensive.
They are therefore not often deployed routinely which
limits their usability for the analysis of temporal trends.
All techniques used here have their merits but the best
results could be obtained by using a tiered approach with
the core time series being augmented with additional sur-
veys, either at regular intervals (e.g. seasonal SEM sur-
veys) or topical surveys e.g. to investigate the presence of
toxins and by molecular studies. However, this requires
tight data management procedures to facilitate the inte-
gration of a diverse array of methodologies in joint
analysis approaches (and to correctly identify their limi-
tations). Data management needs to include links to both
sample and taxonomic (inclusive of reference images)
metadata as described for Helgoland Roads. Impor-
tantly, for this time series, data management and archival
have been extended to images which are archived in the
online repository planktonnet and linked to the respec-
tive numerical data sets in Pangaea. Such a procedure is
clearly recommended as standard whenever new plank-
ton taxa are reported for an area. Such images should
be archived with standardized metadata (e.g. types of
microscopes, magnifications, microscopy techniques)
just as for any numerical parameters such as tempera-
ture or salinity. This will facilitate a reliable confirmation
of a species record and ensure consistency. It is doubtful
whether it would ever be possible to 100% harmonize dif-
ferent time series. However, with similar overall metadata
standards it is at least possible to assess to which degree
time series can be compared. Such rigorous procedures
will become even more important in future as molecu-
lar surveys are increasingly incorporated into routine
monitoring programmes, likely increasing the number of
species in many regional species lists from hundreds to
thousands of taxa [44].
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