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The occurrence of Ceramium tenuicorne in the SW Gulf of Finland seems to be deter-
mined by physical factors, species competition and adaptation to the seasonal environ-
ment of the northern Baltic Sea. Due to the strong competition, in the upper sublittoral 
C. tenuicorne grew mainly epiphytically. Asexual plants were most common around 
the year. In July–August tiny C. tenuicorne was found also in the upper sublittoral. At 
that time plants with cystocarps, tetrasporangia and propagules were observed. In Octo-
ber, after the decline of Cladophora glomerata, a nap-like belt of C. tenuicorne grew 
at depths of less than one metre and a short-lived female generation with cystocarps 
was observed. In late autumn, most of the filaments close to the shore break down due 
to wave action, and in winter due to the ice scraping while deeper growing individuals 
are perennial. Ceramium tenuicorne is physiologically adapted to the extreme environ-
ment of the Baltic Sea. Photosynthetic pigment content of C. tenuicorne exhibit sea-
sonal changes. The higher winter values of pigments can be considered an adaptation 
to an extreme environment, caused by low light. In summer, pale individuals with red 
basal parts grew at 1–2 m depth, having grown from old, overwintered basal parts. The 
pale colour is due to low concentrations of phycoerythrin. The fastest growth occurs in 
late spring, and in summer months the individuals are tall, the cells are long, and the 
number of secondary branches is exceptionally high. The cortical cells of many indi-
viduals grew upwards in the older parts of the thallus. The form of the cells was often 
conical, but some individuals with oval cells were observed.
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Introduction

The taxonomic status of Baltic Ceramium was 
discussed earlier (Wallentinus 1979). Waern 
(1952) classified northern Baltic Ceramium spe-
cies as Ceramium tenuicorne, which he consid-

ered to be widespread in the entire Baltic Sea. 
This name was used until Waern (1992) himself 
proposed that there were actually two species 
in the Baltic Sea, C. tenuicorne being confined 
to the southern Baltic and C. gobii occurring in 
the low-salinity northern Baltic. Nielsen et al. 
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(1995) used the latter name with the remark that 
“further investigations are necessary to clarify 
the taxonomic status”. However, Gabrielsen et 
al. (2002) showed that the parasporangia that 
Waern (1992) proposed to be the “gobii” type 
are actually propagules. In her molecular study, 
she demonstrated that C. gobii is a form of C. 
tenuicorne.

The morphological characteristics that were 
used to segregate Ceramium tenuicorne were as 
follows: the propagules are unilocular, terminal 
monosporangium-like structures, and the branch-
ing is regular and (pseudo)dichotomous, and also 
secondary branches are produced.

In the Baltic Sea, Ceramium tenuicorne is 
reported to be a common and abundant species. 
Its distribution covers an area with salinity vary-
ing between 3‰ and 8‰ (Nielsen et al. 1995). 
Ceramium tenuicorne colonises rapidly and 
withstands wave action. It can occur in lower 
parts of the hydrolittoral zone (Waern 1952, 
Leskinen et al. 1992). Ceramium tenuicorne 
occurs commonly on other macroalgae, higher 
plants, and Mytilus trossulus. It may extend even 
down to 9–15 m depth (Waern 1952, Ravanko 
1968, Wallentinus 1979). Ceramium tenuicorne 
thrives in the upper sublittoral where it grows 
on rocky bottoms, stones and pieces of wood 

(Waern 1952, Ravanko 1968, Kiirikki & Lehvo 
1997).

The aim of this work was to evaluate the 
influence of northern Baltic winter conditions on 
the survival of Ceramium tenuicorne by deter-
mining its phenology, e.g. its seasonal occur-
rence and changes in morphology and photosyn-
thetic pigments.

Material and methods

The study site was at Furuskär, which is located in 
SW Finland in the archipelago of Tvärminne, off 
the Hanko peninsula (59°50´0´´N, 23°16´3´´E). 
The gently sloping rocky shore of Furuskär 
represents a typical habitat for Ceramium tenu-
icorne. The species was collected monthly from 
August 1993 until August 1994 from 3-m depth 
by SCUBA diving. Observations and collections 
were made simultaneously in the hydrolittoral 
zone and at 6-m depth. During the study period, 
the sea water temperature was close to zero in 
November–March; during the summer months it 
could rise up to 16.5 °C (Fig. 1a).

The nutrient concentrations of the seawater 
were measured twice a month during the whole 
sampling period. All the analytical methods are 
adopted from Grasshoff (1976). Nutrient meas-
urements were based on a single sample and 
were carried out in the same week as sampling. 
From August to October, the inorganic nitrogen 
and phosphorus concentrations were low (NO3-N 
< 1 µg l–1, NH4-N and PO4-P < 5 µg l–1; Fig 2b). 
From October till the beginning of February, the 
concentrations of ammonium-, and especially 
nitrate-nitrogen, increased evenly. At the begin-
ning of February, the concentration of NO3-N 
was high, about 100 µg l–1. The concentration of 
phosphate-phosphorus increased in November 
to 16 µg l–1. After formation of the ice cover in 
the beginning of February, nitrate and ammo-
nium concentrations continued to increase but 
they started to decrease already in March 1994 
(Fig. 1). Ice melted at the end of March and inor-
ganic nitrogen and phosphorus concentrations 
decreased rapidly close to the detection limit of 1 
µg l–1 (Särkelä 1995).

In autumn and winter, sampling of Ceramium 
tenuicorne was carried out once a month and 

Fig. 1. (a) Temperature and (b) nutrient concentrations 
at Furuskär during the study period 1992–1993. Data 
obtained from Särkelä (1995). PO4-P concentration of 
phosphate-phosphorus, NH4-N concentration of ammo-
nium-nitrogen, NO3-N concentration of nitrate-nitrogen.
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in spring and summer at two-week intervals. A 
SCUBA diver collected several tufts of C. tenui-
corne from each depth into a netsack, which was 
transported back to the laboratory in seawater-
filled containers. For the study of the reproduc-
tive stage, production and morphological stud-
ies, the algal samples were stored at +10 °C in 
aerated seawater and measurements were carried 
out 24 hours after sampling.

The material was sorted and thalli were 
microscopically studied to check their reproduc-
tive status. Seasonal changes in the morphol-
ogy of Ceramium tenuicorne were studied by 
measuring the length of the individuals and the 
axial cells. Also the main branches of the thalli 
were counted. The length of the cells was taken 
as an average of ten cells in the middle part of 
the thalli and length of the individual was taken 
as an average of five thalli. The cells were meas-
ured with Wild M20 microscope with an ocular 
at 100¥ magnification.

Chlorophyll a and phycobiliproteins (phy-
coerythrin and phycocyanin) were determined 
spectrophotometrically (in triplicates: 0.1–0.5 g 
algae) from the frozen apical material. Phyco-
erythrin and phycocyanin were determined 
according to Beer and Eshel (1985). The concen-
tration of chl a was measured with a modifica-
tion of Kuosa (1991). The samples were homog-
enised in 5 ml of 98% ethanol and were left in 
the dark at room temperature for 12–24 h. After 
extraction, the samples were centrifuged once 
with a table centrifuge (Heinz Janetzki Type 
T12) at 3500 rpm for 15–21 min. The absorb-
ance was measured at 0.5 nm intervals at wave 
lengths of 664–666 nm. The chlorophyll con-
centrations were calculated as mg chl a (g fw)–1 
according to the formula

 C = vD664–666 /83.4lm

where C = chl a (mg g–1 fw), v = volume of etha-
nol (ml), D = max absorbance at wavelengths of 
664–666 nm, l = the length of the cuvette (cm), 
m = fresh weight of the sample (g fw).

Statistical analyses were performed to reveal 
the differences in plant length, cell length and 
concentrations of photosynthetic pigments (chl 
a, phycoerythrin and phycocyanin) between the 
summer and winter months. Winter and summer 

averages of plant length, cell lenth, phycocyanin 
and phycoerythrin were compared using a con-
trast analysis after analysis of variance (error 
d.f. = 48, 48, 17, 17 respectively). The tests were 
performed with STATISTIX ver. 2.

Results

In summer Ceramium tenuicorne grew between 
1- and 6-m depths, mainly being epiphytic on 
Fucus vesiculosus and Furcellaria lumbricalis. 
At 1 m depth, the dominant species was F. vesic-
ulosus, and from 3 m downwards F. lumbricalis. 
Some C. tenuicorne individuals were also found 
growing on rocks. At greater depths C. tenu-
icorne also grew on Phyllophora sp. and Mytilus 
trossulus. From 9 m downwards, the substratum 
is sandy. At the beginning of the summer, the 
population of C. tenuicorne was abundant at 
1- and 3-m depths. In the middle of the summer, 
at 1-m depth Cladophora glomerata and Ecto-
carpus sp. apparently competed for space with 
C. tenuicorne. Ceramium tenuicorne was espe-
cially abundant in autumn at 3-m depth.

During the winter, the species was most 
abundant and grew most strongly at 6 meters. In 
February and March, ice cover prevented sam-
pling near the shore. Ice was not likely to remove 
all the algae at a depth of 1 metre, because as 
early as in April, right after the ice break, there 
was a vibrant population of Ceramium tenu-
icorne growing at that depth.

Most of the time Ceramium tenuicorne was 
in asexual stage. Even though the sampling was 
performed twice a month at different depths, not 
earlier than in July were female gametophytes 
with cystocarps found to grow only as an epi-
phyte on Fucus vesiculosus receptacle (Fig. 2). 
A gametophyte generation with cystocarps grew 
in upper part of the shore also in late Septem-
ber and early October. Propagules and plants 
with tetrasporangia were observed also in July. 
Despite intensive sampling, it could be possible 
that the male gametophyte is so short-lived that 
it was not found during this study.

The length of the thalli of Ceramium tenu-
icorne varied from 2 to 8 cm (Fig. 3). The 
significantly longest individuals were sampled 
in the beginning and the middle of the summer 
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( p < 0.001). During the other seasons, the 
length of the thalli varied between 2 and 5 cm. 
It is difficult to measure the overall length of 
the individuals, since the thalli were growing 
in tufts, which are attached to the substrata by 
rhizoids. Part of the individuals was branched 
only dichotomously. Most individuals had also 
secondary branches. These secondary branches 
were especially abundant in the spring and 

summer, when the mean number of branches 
was over 80 (Fig. 4). The axial cells were longer 
(450 µm) at the end of the summer than in the 
winter and spring (130–300 µm) ( p < 0.001) 
(Fig. 5).

In samples from Furuskär, the cells and corti-
cal bands of many individuals were not clearly 
distinguishable in winter and early spring. These 
individuals obviously belong to an old gen-

Fig. 2. Ceramium tenui-
corne with cystocarp. 
Material collected at Tvär-
minne in July 1999.

Fig. 3. The length of the 
thallus of Ceramium tenui-
corne. The datum of 27 
May is missing.

Fig. 4. Change in the 
number of branches per 
thallus in Ceramium tenui-
corne. Between 27 May and 
27 June there were numer-
ous secondary branches > 
80.
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eration. The shape of the cells of Ceramium 
tenuicorne was mainly conical. However, some 
oval-celled individuals were observed also in 
Furuskär material. Further, the border of the cor-
tical band was sharp for some individuals and the 
cortical cells were not growing upwards in the 
older parts of the thalli, as they typically should 
in C. tenuicorne. In late spring, the individuals 
of new generation were less heavily covered by 
epiphytes, and the cells and cortical bands were 
clearly distinguishable.

The concentrations of phycobilin proteins 
were higher in autumn and winter than in summer 
months ( p < 0.001). The values were highest in 
January when the concentration of phycoeryth-

rin was about 3.0 mg (g fw)–1 (Fig. 6a) and 
phycocyanin about 0.30 mg (g fw)–1 (Fig. 6b). 
The lowest concentrations of these pigments 
were measured in spring and the middle of the 
summer. The phycoerythrin content was then 
between 0.20 and 1.0 mg (g fw)–1, while the 
concentration of phycocyanin remained below 
0.10 mg (g fw)–1. In the autumn the concentra-
tion of chlorophyll a was between 0.33 and 0.50 
mg (g fw)–1, and increased in January to 0.68 mg 
(g fw)–1 (Fig. 6c). During the spring, the chloro-
phyll content decreased almost linearly towards 
the minimum of 0.20 mg (g fw)–1 in May. At the 
end of August, the concentration of chlorophyll 
increased again to 0.50 mg (g fw)–1.

Fig. 5. Length of the axial 
cells in the middle part of 
the thallus of Ceramium 
tenuicorne. The datum of 
27 May is missing.
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Fig. 6. Concentration of 
(a) phycoerythrin, (b) phy-
cocyanin and (c) chloro-
phyll a in Ceramium tenu-
icorne in 3 metres depth 
collected during the study 
year.
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Discussion

In the archipelago of Tvärminne, the zonal 
occurrence of Ceramium tenuicorne (0.5–6 m) 
is very similar to that reported from other areas 
(Waern 1952, Ravanko 1968). In Furuskär, a 
tiny and nap-like cover of C. tenuicorne grew as 
little as 20 cm below the water line in the autumn 
(Kiirikki & Lehvo 1997). Hence, under favour-
able conditions, C. tenuicorne survives also in 
the upper part of the hydrolittoral. Waern (1952) 
observed C. tenuicorne to grow mainly as an 
epiphyte of Fucus vesiculosus in low water, and 
deeper as an epiphyte of Furcellaria lumbricalis. 
Bäck et al. (1993) observed C. tenuicorne often 
to be widespread, and usually green in colour 
close to the water line in the autumn.

In spite of the ice cover that strongly reduces 
light penetration, Ceramium tenuicorne occurred 
also over winter. During winter 1993–1994, the 
long-lasting ice cover sheltered C. tenuicorne 
from winter storms (Kiirikki & Lehvo 1997). 
Ceramium tenuicorne may also have overwin-
tered as short basal parts. According to Dixon 
(1960), many species in the genus Ceramium 
may decline into a fragment consisting of only 
a few cells. In spring, new individuals develop 
from these fragments. Kiirikki and Lehvo (1997) 
reported that epiphytic C. tenuicorne was most 
abundant in July at 6 m as an epiphyte of Fucus. 
Old individuals of C. tenuicorne grew on the 
lower parts of the host, while the young individu-
als were found on the apical parts.

In Furuskär, the individuals at 3-m depth 
were as tall in the winter as those in the autumn. 
The tallest individuals were found in the begin-
ning and middle of the summer. The larger size 
of the individuals was apparently due to an 
increase in cell numbers, as well as an increase 
in cell size. In favourable growth period in 
summer the temperature of the seawater was 
10–15 °C, and the intensity of light was high; the 
nutrient concentrations, however, were low. The 
tall individuals in the summer grew epilithic and 
had many secondary branches. These branches 
are formed during the time of strong growth.

The observations by Waern (1952) that the 
asexual plants of Ceramium form a bulk of the 
population in all seasons are confirmed in this 
study. In Furuskär small and delicate female 

plants were found only in July and most of 
the time C. tenuicorne was in vegetative stage. 
Sampling was frequent and there is not any par-
ticular reason that male plants were not found, 
even though they are smaller than female plants 
(Waern 1952).

In Furuskär (salinity of 5.5–6 PSU) the cell 
length was only 100–700 µm. These values 
are lower than those reported in Sjöstedt’s 
(1928) study, in which the length of the cells of 
Ceramium tenuicorne varied between 300 and 
1000 µm in late summer in upper sublittoral 
at the eastern coast of southern Sweden (salin-
ity 7 and 8 PSU). It seems that with decreasing 
salinity the size of C. tenuicorne diminishes, as 
observed by Waern (1952).

Phycoerythrin is the most abundant (70%) 
pigment in the northern Baltic Ceramium tenu-
icorne; other pigments are: chlorophyll a (about 
20%), and phycocyanin (about 10%). The result 
is very similar to those of Cunningham et al. 
(1990), who found that phycoerythrin accounts 
for about 60%, and phycocyanin about 10% of 
the photosynthetic pigments in Porphyridium 
cruentum. Wallentinus (1978) showed that the 
concentration of chlorophyll a is one of the most 
important factors regulating the production of 
macroalgae, though she did not mark any rela-
tion of the production to the chlorophyll a con-
tent in Ceramium tenuicorne. When comparing 
the concentration of chlorophyll a and produc-
tion in natural white light, Moon and Dawes 
(1976) came to the same conclusion with some 
other red algae.

In the northern Baltic Sea the nutrient content 
is much higher in winter than in summer months 
when the nutrients are close to the determination 
level. Ramus and van der Meer (1983) found that 
the phycoerythrin concentration of Grinnellia 
americana doubled after nutrient additions. The 
higher amount of nutrients in the ambient water 
was likely to have affected the higher concentra-
tion of phycoerythrin of Ceramium tenuicorne. 
The phycoerythrin content was highest in Janu-
ary, when the concentrations of ammonium and 
nitrate were increasing and the concentration of 
phosphorus had already been at its highest for 
two months.

The responses of Ceramium tenuicorne to 
the seasonal changes in its habitat in the northern 
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Baltic Sea are clearly seen in the concentrations 
of pigments and reproductive biology. Ceramium 
tenuicorne is able to survive even under the ice 
in nearly complete darkness by increasing the 
concentrations of pigments. It has both gameto-
phyte and sporophyte generation, which suggests 
that sexual reproduction takes place. However, 
it is also able to reproduce vegetatively from the 
over-wintered old basal parts of the thallus. If the 
sexual reproduction fails for some reason, those 
basal parts can be long-lived and act as a stock 
for new generations.

Acknowledgements

The authors wish to thank Mr. A. Särkelä for nutrient data 
and Mr. Totti Sjölund for helping during the sampling and 
Dr. Hannu Rita and Dr. Ari Ruuskanen for helping with 
statistical analysis. The W. & A. de Nottbecks Foundation 
supported this work (ML).

References

Beer, S. & Eshel, A. 1985: Determining phycoerythrin and 
phycocyanin in aqueous crude extracts of red algae. 
— Aust. J. Mar. Freshw. Res. 36: 785–792.

Bäck, S., Mäkinen, A., Rissanen, J. & Rönnberg, O. 1993: 
Phytobenthos monitoring: Two case studies from the 
Finnish Baltic coast in summer 1993. — Memorandum 
1: 1–24. Ministry of the Environment.

Cunningham, F. X. Jr., Dennenberg, R. J., Jursinic, P. A. 
& Gantt, E. 1990: Growth under red light enhances 
photosystem II relative to photosystem I and phycobili-
somes in the red alga Porphyridium cruentum. — Plant 
Physiol. 32: 419–426.

Dixon, P. S. 1960: Studies of the marine algae of the British 
Isles: the genus Ceramium. — J. Mar. Biol. Ass. UK 39: 
331–374.

Gabrielsen, T. M., Brochman, C. & Rueness, J. 2002: The 
Baltic Sea as a model system for studying postglacial 
colonization and ecological differentiation, exemplified 
by the red alga Ceramium tenuicorne. — Mol. Ecol. 11: 
2083–2095.

Grasshoff, K. 1976: Methods of seawater analysis. — Verlag 

Chemie, Weinheim. 
Kiirikki, M. & Lehvo, A. 1997: Life strategies of macroalgae 

in the northern Baltic proper. — Sarsia 82: 259–267.
Kuosa, H. 1991: Microbes in the pelagic carbon cycle: pico-

planktonic algae and heterotrophic nanoflagellates in 
the northern Baltic ecosystem. — Walter & Andrée de 
Nottbeck Found. Sci. Rep. 6: 1–100.

Leskinen, E., Mäkinen, A., Fortelius, W., Lindström, M. & 
Salemaa, H. 1992: Primary production of macroalgae in 
relation to the spectral range and sublittoral light condi-
tions in the Tvärminne archipelago, northern Baltic Sea. 
— Acta Phytogeogr. Suec. 78: 85–93.

Lopez-Figueroa, F. & Niell, F. X. 1991: Photocontrol of chlo-
rophyll and biliprotein synthesis in seaweeds: possible 
photoreceptors and ecological considerations. — Sci. 
Mar. 55: 519–527.

Moon, R. E. & Dawes, C. J. 1976: Pigment changes and 
photosynthetic rates under selected wavelengths in the 
growing of Eucheuma isiforme (C. Agardh) J. Agardh 
var. denudatum Cheney during vegetative growth. — 
Brit. Phycol. J. 11: 165–174.

Nielsen, R., Kristiansen, A., Mathiesen, L. & Mathiesen, H. 
(eds.) 1995: Distributional index of the benthic mac-
roalgae of the Baltic Sea area. — Acta Bot. Fennica 
155: 1–51.

Ramus, J. & van der Meer, J. P. 1983: A physiological test of 
the theory of complementary chromatic adaptation. 1. 
Colour mutants of red seaweed. — J. Phycol. 19: 86–91.

Ravanko, O. 1968: Macroscopic green, brown, and red algae 
in the southwestern archipelago of Finland. — Acta Bot. 
Fennica 79: 1–50.

Sjöstedt, L. G. 1928: Undersökningar över Öresund. Revi-
sion of some some Swedish Ceramium types, their clas-
sification and ecology. — Lunds Universitets Årsskrift. 
N. F. Avd. 2, Bd. 23, Nr. 12: 1–29.

Särkelä, A. 1995: Pintaveden ravinne- ja klorofylli a-pitoi-
suuksien vuodenaikainen horisontaalinen vaihtelu 
Tvärminnen ulkosaariston ja merivyöhykkeen välillä. 
— M.Sc. thesis, Univ. Helsinki.

Waern, M. 1952: Rocky-shore algae in the Öregrund archi-
pelago. — Acta Phytogeogr. Suec. 30: 1–298.

Waern, M. 1992: Ceramium gobii n. sp. (Rhodophyta, Cera-
miales), a brackish-water red alga in the Baltic Sea. 
— Nordic J. Bot. 12: 569–575.

Wallentinus, I. 1978: Productivity studies on Baltic mac-
roalgae. — Bot. Mar. 21: 365–380.

Wallentinus, I. 1979: Environmental influences on benthic 
macrovegetation in the Trosa-Asko area, northern Baltic 
proper. 2. The ecology of macroalgae and submersed 
phanerogams. — Contrib. Asko Lab., Univ. Stockholm 
25: 1–210.

This article is also available in pdf format at http://www.sekj.org/AnnBot.html


