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Abstract

We report on the bloom incidence of a curious new type of
phytoplankton organism: the naked form of the silicoflagel-
late Dictyocha speculum. This special form does not develop
the siliceous skeletons which normally characterize the ge-
nus Dictyocha, its growth is apparently independent of the
availability of dissolved silicate. The first massive bloom of
this organism was observed in the Kiel Bight area, FRG, in
May 1983. Since then, late-spring blooms of this flagellate
have become a common phenomenon in the Western Baltic.
We suggest that the occurrence of this new type of bloom is
related to changes in nutrient conditions due to increased
eutrophication.

Introduction

Since the early 1980’s exceptional phytoplankton blooms
seem to have increased in number and size in German, Dan-
ish and Swedish waters (Anderson et al. 1985). Public con-
cern that increased anthropogenic nutrient inputs may be
important in triggering such ecological perturbations has
prompted much research on eutrophication and its conse-
quences in the Baltic transitional area and the coastal zones
of the southern North Sea (Gerlach 1984).

It is now apparent, from long-term trend analysis, that
in both regions, annual inputs of phosphorus and nitrogen
have increased by a factor of about three during the past
three decades, and that overall biomass production has
increased by the same order of magnitude (Babenderd and
Zeitzschel 1985, Radach and Berg 1986, Babenerd in press).
Nevertheless, it is still uncertain whether there is any direct
causative relationship between elevated nutrient inputs and
the more frequent occurrence of so-called exceptional phy-
toplankton blooms. Phytoplankton bloom formation de-

pends not only on the supply of nutrients (although this is
the main prerequisite to build up a high biomass), but also
on a variety of other environmental factors such as light
availability and the absence or the ineffectiveness of grazers.

There can be no doubt that over the past decade blooms
of newly reported, undesirable species have increased in the
Baltic transitional area, including Kattegat and Skagerrak.
Examples are Gyrodinium aureolum (Brockmann et al. 1985,
Lindahl 1985), Prorocentrum minimum (Edler et al. 1982,
Tangen 1983), and Chrysochromulina polylepis (Dahl et al.
in press). In the Kiel Bight, P. minimum has formed blooms
annually since 1983 during August/September (Kimor et al.
1985, Neuer 1986, Stienen 1986, Jochem 1989) and thus
became a normal component of annual phytoplankton suc-
cession.

A similar development has taken place with a new type
of phytoplankton bloom which is the main subject of this
paper: the naked form of the silicoflagellate Dictyocha
speculum (syn. Distephanus speculum). Blooms of this organ-
ism first occurred in the Kiel Bight area in May 1983 and
have also become common in the species succession of this
area.

The first records came from the Danish Alssund where
a bloom of naked, previously undescribed flagellates was
observed in connection with heavy mortalities of caged fish.
It was identified by Moestrup and Thomsen (H. Thomsen,
Copenhagen, personal communication) as a naked, (i.e.,
non-skeleton-forming) modification of Distephanus specu-
lum and was confirmed by observations in Kiel Bight,
(Neuer 1986, Jochem 1987).

Silicoflagellates of the genus Dictyocha are marine chryso-
phytes bearing a single flagellum and a star-shaped siliceous
skeleton composed of tubular elements forming a basal ring
and several extruding spines. While D. fibula possesses a
quadrangular basal ring and four spines, D. speculum, which
is to be found in the Kiel Bight area, has a hexagonal basal
ring and six spines. Ultrastructure and taxonomy of both the
naked and skeleton-bearing form of D. speculum will be
discussed elsewhere by Moestrup and Thomsen (in press).
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Material and methods

In May 1986, the occurrence of Dictyocha speculum, chloro-
phyll concentrations and abiotic conditions were recorded
at three stations (Stns A, B, C, Fig. 1). In April/May 1988
the development of a bloom of naked D. speculum in the
inner Kiel Fjord, and the abiotic conditions during this
period, including the concentration of inorganic nutrients,
were recorded at 4 d intervals.

Water samples were analyzed for cell numbers and phy-
toplankton composition by the inverted-microscope tech-
nique (Utermdhl 1958, Hasle 1978). Phytoplankton carbon
biomass was derived from cell numbers and conversion fac-
tors given by Strathmann (1967) and Smetacek (1975).
Chlorophyll a was determined with the trichromatic method
(Strickland and Parsons 1972) and concentrations calculat-
ed according to Jeffrey and Humphrey (1975). Inorganic
nutrients (silicate, nitrate, nitrite, ammonia, phosphate)
were measured according to Grasshoff et al. (1983). Temper-
ature and salinity were recorded with a WTW Conductome-
ter LF 191.

Results and discussion

Naked cells of Dictyocha speculum found in Kiel Bight are
more or less spherical and ca 20 um diam. (Fig. 2). They
possess one flagellum and ca 25 chloroplasts. The cell sur-
face often appears to be lobed due to plastids and cells are
very sensitive to high temperatures and physical stress (e.g.

Table 1. Dictyocha speculum. Occurrence of the naked silicoflagel-
late in Kiel Fjord and Kiel Bight

Observation Kiel Fjord  Kiel Bight Source
(cells 17 1) (cells 171)
10 May 1983 5.7 x 10° 2.3x10° Néthig 1984,
Stienen 1986
1984 No conspicuous bloom, Stienen personal
but present communication
22 May 1985 7.0x 10°® Neuer 1986
28 May 1986 6.6 x 10° 3-5x10° Jochem 1987
1987 No observations
18 May 1988 5.5x10°

shaking). In preserved samples, they easily disintegrate after
brief storage. Thus, it is not easy to distinguish them from
detrital material by means of the inverted-microscope tech-
nique, especially when present in low numbers. The flagel-
lum is shed mostly following preservation.

Table 1 summarizes the occurrence of naked Dictyocha
speculum in Kiel Bight and Kiel Fjord. Néthig (1984) ob-
served it for the first time in the open Kiel Bight (Stn BE,
Fig. 1) on 10 May 1983. The bloom was already declining at
that time. Naked D. speculum accounted for 80% of the
total phytoplankton biomass with an average concentration
of 2.3 x10° cells 17 !. By the end of May, D. speculum was
still blooming in Kiel Fjord (maximum population density
5.7 x 10 cells 1~ ') and was also observed in open Kiel Bight
(Stienen 1986).
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In 1984, naked Dictyocha speculum did not form con-
spicuous blooms but was present during May in Kiel Bight
and Kiel Fjord (C. Stienen personal communication). How-
ever, in May 1985, this organism was again seen to form
dense blooms in the surface waters of the inner Kiel Fjord.
Neuer (1986) reported 7 x 10% cells 17! of naked D. specu-
lum, while skeleton-bearing cells achieved concentrations of
only 100 cells 171 on 22 May and 2.6 x 10° cells 17! on 30
May.

During May 1986, naked Dictyocha speculum bloomed
again in the area. On 28 May population densities of up to
6.6 x 10° cells 1~ were found in the inner Kiel Fjord (Stn A,
Fig. 1) and 3 to 5 x 10 cells 1! in the outer Kiel Fjord and
Kiel Bight (Stns B and C, and Kiel lighthouse, Fig. 1). Phy-
toplankton carbon biomass reached 5.5 and 2.6 mg C 171! at
the surface of Stns A and B (Fig. 1), respectively. Naked D.
speculum accounted for 98% of phytoplankton carbon and
96.3 t0 99.3% of the total D. speculum population. Chloro-
phyll a profiles (Fig. 3a to ¢) reveal that population maxima
occurred in subsurface waters associated with the pycno-
cline for samples taken at 07.00 to 08.00 hrs. Diurnal vertical
migration, however, cannot be excluded (Jochem 1989).

In 1987, no microscopic observations on phytoplankton
composition were made, but routine chlorophyll @ measure-
ments in the inner Kiel Fjord showed high concentrations,
during May of up to 26.9 ug 1- (22 May 1987). These
values indicate some kind of phytoplankton bloom.

Due to unusually high water temperatures in 1988
(Fig. 4), the first occurrence of naked Dictyocha speculum
was already recorded by mid-April (Fig. 5). The population
reached a maximum density of 5.5 x 10° cells 1! on 18 May
1988. D. speculum accounted for 97% of phytoplankton
carbon on that day. Surface cell numbers were almost equal
to, or higher than, those at 5 m depth for samples taken
around 11.00 hrs. From field data, a growth rate of 0.4 to
1.1 doublings per day was obtained. Skeleton-forming cells
accounted for only 0.3 to 18.5% of the D. speculum popula-
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Fig. 2. Dictyocha speculum. Naked and skele-
ton-forming cells preserved in 4% formalde-
4 hyde. Magnification x 480

tion, with a slightly higher contribution in the 5 m samples.
Having reached its maximum, the population declined
rapidly and the contribution of skeleton-forming cells in-
creased to 100% within 10d. No D. specufum could be
detected by the inverted-microscope technique (sample vol-
ume of 20 ml) on 15 June 1988 at which time the diatom
Skeletonema costatum was the dominant species. Some ob-
servations suggest disintegration of naked D. speculum cells
at temperatures above 15°C (Nival 1965, Travers and
Travers 1968, Van Valkenburg and Norris 1970).

There are good reasons to believe that the persistent
occurrence of this new late-spring flagellate bloom is related
to changed nutrient conditions due to eutrophication, espe-
cially the input of inorganic nitrogen compounds.

The annual cycle of phytoplankton succession in the Kiel
Bight area starts with a massive diatom bloom in March/
April. At least until the mid-1970’s this typical diatom
spring bloom was terminated by exhaustion of inorganic
phosphorus and/or nitrogen compounds down to detection
limits, while small amounts of silicate were still available
(Bodungen 1975, 1986). Nowadays, however, lack of silicate
seems to terminate the diatom spring bloom (Bodungen
1986), and the remaining nitrate and phosphate are appar-
ently sufficient to support considerable blooms of silicate-
independent flagellates directly after the diatom bloom.

To verify this hypothesis, we followed the change in
nitrate and silicate concentrations in inner Kiel Fjord during
spring 1984, 1986 and 1988, i.e., the years characterized by
the occurrence of Dictyocha speculum (Fig. 6). In each of
these years, silicate showed low concentrations at the begin-
ning of the D. speculum bloom. In 1984 and 1988 silicate had
already dropped below 10 umol 17! in early April. In 1986
and 1988 silicate concentrations at the time of the bloom
were below 5 pmol 171, and thus near the lower limit of
silicate uptake in some natural waters (Paasche 1980). In
Kiel Bight and Kiel Fjord silicate concentrations seldom fell
below 2 umol 17 *. Nitrate, however, showed high concentra-
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tions (>20 pgmol 17! in the inner Kiel Fjord) until 7 May
each year. Nitrate is not depleted until the end of May,
presumably by the bloom of D. speculum. In 1988, the de-
cline of nitrate concentrations seems to have started some-
what earlier than in other years and is associated with the
earlier start of the bloom. Although only surface values are
depicted in Fig. 6a to c, subsurface values basically showed
the same scheme.

From natural water samples Redfield et al. (1963) gave
an atomic Si: N ratio of 0.94. Molar Si:NO, ratios in Kiel
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Fig. 3. Vertical distribution of temperature (°C), salinity (%o) and
chlorophyll a (ug 17 ') during bloom of Dictyocha speculum in May
1986 in (a) inner Kiel Fjord, (b) outer Kiel Fjord, and (c) Kiel
lighthouse

Fjord in April and May 1984, 1986 and 1988 (Fig. 7) were
below 1.0 for both surface and subsurface samples and thus
indicate silicate rather than nitrate to have been the limiting
nutrient.

We further compared the variation in surface silicate in
Kiel Fjord for spring 1939 (Krey 1942) to that of 1984, 1986
and 1988 (Fig. 8). Here, concentrations in early March were
almost the same in all years. But compared to 1939, values
below 8 umol 17! were reached about 20 d earlier in 1986
and 1988, and even as much as 30 d earlier in 1984.

Winter concentrations of inorganic nutrients are taken
as a measure of the pool for ‘new production’ in spring.
Winter concentrations of silicate in the open Kiel Bight (Stn
BE, Fig. 1) are depicted for various years in Fig. 9 (Baben-
erd and Zeitzschel 1985, expanded for 1986 to 1989). Since
the mid-1970’s a trend towards lower silicate concentrations
can be found (r=—0.63, p<0.05, n=17). Consequently,
diatom spring blooms should become weaker and, on a long
time scale, more severe silicate limitation should lead to a
shift in species composition and succession towards organ-
isms independent of silicate, i.e., flagellates. Similar trends
of decreasing winter concentrations of silicate have also
been found in the adjacent Arkona Sea (Western Baltic, H.
Dahlin personal communication), Skagerrak (S. Carlberg
personal communication) and German Bight (Radach and
Berg 1986). The latter authors also reported a shift towards
increasing flagellates and decreasing diatoms in the German
Bight. Unfortunately, no long-term studies are available for
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Fig. 5. Dictyocha speculum. Cell numbers (10 cells 17!) at 0 and
5 m depth in inner Kiel Fjord in spring 1988

the inner Kiel Fjord where flagellate blooms were most
intense.

In Kiel Bight and Kiel Fjord Dictyocha speculum not
only demonstrates that an ‘exceptional’ phytoplankton
bloom can become a recurrent event in species succession,
but may also be related to the change in environmental
conditions due to eutrophication. Apparently, D. speculum
has found its ecological niche because spring diatoms are no
longer able to exhaust the winter nitrate pool due to silicate
limitation in April (Bodungen 1986, Jochem 1989). Both
decreasing winter concentrations of silicate and the in-
creased input of nitrogen are likely to be reasons for this
development. Although known for years to occur in Kiel
Bight as a skeleton-forming species, D. speculum had never
produced blooms in this form. The changed environmental
conditions stimulated this species to grow in a yet unknown
form, i.e., as a silicoflagellate without its siliceous skeleton,
and to form blooms.

Dictyocha speculum is not the only example of flagellate
blooms in late spring. Late-spring blooms dominated by the
nanoflagellates Gonyaulax catenata, Nannochloropsis sp.
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and Cryptomonas sp. have also been reported from the east-
ern Baltic (Kuparinen 1987). The toxic bloom of the prym-
nesiophycean nanoflagellate Chrysochromulina polylepis in
the Skagerrak/Kattegat area in May 1988, which generated
massive public and scientific interest (Dahl et al. in press),
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showed some resemblance to the D. speculum blooms. C.
polylepis was also known to occur in that area (K. Vagn
Hansen personal communication) but had never produced
blooms before. As most of the toxic algae are among the
nanoflagellates, eutrophication also increases the probabili-
ty of toxic blooms. Fatal effects would result if a toxic
species became part of the natural species succession as
D. speculum did in Kiel Bight.

The story of Dictyocha speculum shows that changes in
environmental conditions may change not only the ecologi-
cal significance of an algal species, but also its morphology
and possibly its physiological properties. Therefore, togeth-
er with good monitoring to record phytoplankton bloom
events, intense physiological studies on bloom-forming
algae are much required.

Acknowledgements. We wish to thank P. Fritsche and R. Werner for
most of the nutrient measurements, and Dr H. Hansen for silicate
values for Kiel Bight during winter 1986 to 1989. For critical read-
ing and improvements of the manuscript we are greatful to Profes-
sor Dr J. Lenz and two anonymous referees. One of us (F. J.) was
funded by Stiftung Volkswagenwerk ‘Wettbewerb Biowis-
senschaften’.

Literature cited

Anderson, D. M., White, A. W., Baden, D. G. (1985). Toxic di-
noflagellates. Proc. 3rd int. Conf. Toxic Dinoflag., St. Andrews,
New Brunswick, Canada, June 8 to 12, 1985. Elsevier, New York

Babenerd, B. (in press). Eutrophication-induced oxygen deficiency
in the Belt Sea area. In: Water pollution research reports. Com-
mission of the European Communities, Brussels

Babenerd, B., Zeitzschel, B. (¥985). Trends fiir eintragsrelevante
Faktoren und die Nihrsalzkonzentrationen im Wasser der Kie-
ler Bucht — Ein Beitrag zur Erforschung der Eutrophierung der
Nord- und Ostsee. Ber. Inst. Meereskde. Kiel 148: 1-45

Bodungen, B. v. (1975). Der Jahresgang der Nihrsalze und der
Primdrproduktion des Planktons in der Kieler Bucht unter
Bertcksichtigung der Hydrographie. Ph. D. thesis, University
Kiel

Bodungén, B. v. (1986). Annual cycles of nutrients in a shallow
inshore area, Kiel Bight — Variability and trends. Ophelia 26.
91-107

Brockmann, U. H., Dahl, E., Eberlem K. (1985). Nutnent dynam-
ics during a Gy rodzmum aureolum bloom. In: Anderson, D. M.,
White, A. W., Baden, D. G. (eds.) Toxic dinoflagellates. Proc.
3rd int. Conf. Toxic Dinoflag., St. Andrews, New Brunswick,
Canada, June 8 to 12, 1985. Elsevier, New York, p. 239-244

Dahl, E, Lindahl, O., Paasche, E., Throndsen, J. (in press). The
Chrysochromulina polylepis bloom in Scandinavian waters dur-
ing sprmg 1988. In: Cosper, E. M. et al. (eds.). A novel phyto-
plankton bloom. Causes and impacts of recurrent brown tides
and other unusual blooms. Springer Lecture Notes on Coastal
and Estuarine Studies, New York. :

Edler, L., Aertebjerg Nielsen, G., Graneli, E. (1982). Exceptional
plankton blooms in the entrance to the Baltic Sea, the Kattegat
and the Belt Sea area. Int. Counc. Explor. Sea Comm. Meet.
(Oceanogr. biol. Comm.) L:20

Gerlach, S. (1984). Oxygen depletion 1980—1983 in coastal waters
of the Federal Republic of Germany. Ber. Inst. Meereskde. Kiel
130: 1-87

Grasshoff, K., Ehrhardt, M., Kremling, K. (1983). Mclhods of
Seawater AnalySIS 2nd edn. Verlag Chemie, Weinheim

Hasle, G. R. (1978). The inverted-microscope technique!:In: Sour-
nia, A. (ed.) Phytoplankton Manual. UNESCO, Paris, p. 88-96



F. Jochem and B. Babenerd: A new phytoplankton bloom

Jeffrey, S. W., Humphrey, G. F. (1975). New spectro-photometric
equations for determining chlorophylls a, b, ¢,, ¢, in higher
plants and phytoplankton. Biochem. Physiol. Pfl. 167: 191194

Jochem, F. (1987). Zur Verbreitung und Bedeutung des autotro-
phen Ultraplanktons in der Kieler Bucht. Diploma thesis, Uni-
versity Kiel

Jochem, F. (1989). Distribution and importance of autotrophic
ultraplankton in a boreal inshore area (Kiel Bight, Western
Baltic). Mar. Ecol. Prog. Ser. 53: 153-168

Kimor, B., Moigis, A. G., Dohms, V., Stienen, C. (1985). A case of
mass occurrence of Prorocentrum minimum in the Kiel Fjord.
Mar. Ecol. Prog. Ser. 27: 209-215

Krey, J. (1942). Nahrstoff- und Chlorophylluntersuchungen in der
Kieler Forde 1939. Kieler Meeresforsch. 4: 1-17

Kuparinen, J. (1987). Production and respiration of overall plank-
ton and ultraplankton communities at the entrance to the Gulf
of Finland in the Baltic Sea. Mar. Biol. 93: 591 -607

Lindahl, O. (1985). Blooms of Gyrodinium aureolum along the
Skagerrak coast — a result of the concentration of offshore
populations? In: Anderson, D. M., White, A. W., Baden, D. G.
(eds.) Toxic Dinoflaggellates. Proc. 3rd int. Conf. Toxic
Dinoflag., St. Andrews, New Brunswick, Canada, June 8 to 12,
1985. Elsevier, New York, p. 231-232

Moestrup, O., Thomsen, H. A. (in press). Fine structural studies on
three naturally occurring morphological stages of the silicoflag-
ellate Dictyocha speculum Ehrenberg (= Distephanus speculum),
with some observations on their seasonal occurrence, and poten-
tial as fish-killers. K. danske Vidensk. Selsk., Biol. Skr.

Neuer, S. (1986). Okologische Beobachtungen an sommerlichen
Planktongemeinschaften in der Kieler Bucht. Diploma thesis,
University Kiel

Nival, P. (1965). Sur le cycle de Dictyocha speculum Ehrenberg
dans le caux de surface de la rade de Villefranche-sur-Mer. Cah.
Biol. mar. 6: 67-82

Nothig, E.-M. (1984). Experimentelle Untersuchungen an natiir-
lichen Planktonpopulationen unter besonderer Beriicksichti-

379

gung heterotropher Organismen. Diploma thesis, University
Kiel

Paasche, E. (1980). Silicon. In: Morris, I. (ed.). The physiological
ecology of phytoplankton. Blackwell, Oxford, p. 259284

Radach, G., Berg, J. (1986). Trends in den Konzentrationen der
Nabhrstoffe in der Helgoldnder Bucht (Helgoland Reede Daten).
Ber. Biol. Anst. Helgoland 2: 1-63

Redfield, A. C., Ketchum, B. H., Richards, F. A. (1963). The influ-
ence of organisms on the composition of sea water. In: Hill, M.
N. (ed.). The Sea, vol. 2. Interscience Publishers, Wiley and
Sons, New York

Smetacek, V. (1975). Die Sukzession des Phytoplanktons in der
westlichen Kieler Bucht. Dissertation, Kiel University

Stienen, C. (1986). Die Phytoplanktonentwicklung in Abhéingigkeit
von der Nahrsalzkonzentration, ein Vergleich zwischen Kieler
Forde und Kieler Bucht. Ber. Inst. Meereskde. Kiel 152: 1-25

Strathmann, R. R. (1967). Estimating the organic carbon content of
phytoplankton from cell volume or plasma volume. Limnol.
Oceanogr. 12: 411-418

Strickland, J. H. D., Parsons, T. R. (1972). A practical handbook
of seawater analysis, 2nd edn. Bull. Fish. Res. Bd. Can. 167

Tangen, K. (1983). Shellfish poisioning and the occurrence of poten-
tially toxic dinoflagellates in Norwegian waters. Sarsia 68: 17

Travers, A., Travers, M. (1968). Les silicoflagellés du Golf de Mar-
seille. Mar. Biol. 1: 285-288

Utermohl, H. (1958). Zur Vervollkommnung der quantitativen Phy-
toplanktonmethodik. Mitt. Int. Verein theor. angew. Limnol. 9:
1-28

Van Valkenburg, S. D., Norris, R. E. (1970). The growth and mor-
phology of the silicoflagellate Dictyocha speculum Ehrenberg in
culture. J. Phycol: 6. 4854

Date of final manuscript acceptance: August 9, 1989.
Communicated by O. Kinne, Oldendorf/Luhe



