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The occurrence and summer biomass of an unattached Enteromorpha intestinalis mat
was studied in Olkiluodonvesi on the Finnish Baltic Sea W coast between 1993 and
1997. Enteromorpha intestinalis thalli had lost their tubular shape, spread, and formed
unattached monostromatic sheets. The mats were found in areas of soft sediment and
sandy substrates where water depth was one to six metres. Optimum growth was at one
to two metres. The mats were 5—15 cm thick with biomass maximum of 97 tn in an area
of 3.7 km*in 1993. Even during severe winter conditions, monostromatic E. intestinalis
appeared in healthy state. In early spring, just after the ice melt, small amounts of
E. intestinalis were found floating on the surface. Massive floating were observed after
sunny and calm weather periods with low water level. On both occasions, E. intestinalis
was moving within the water column.
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INTRODUCTION

Macroalgal mass occurrences are recognised
world-wide as a response to elevated levels of sea-
water nutrients in coastal areas (Fletcher 1992,
1996, Bonsdorff et al. 1997). On the west coast
of Sweden as much as 30%—40% of the total shal-
low bottom area, in depth less than 1 m, is cov-
ered by free-lying green algae (Isaksson & Pihl
1992, Moksnes & Pihl 1995, Pihl et al. 1996).

The phenomenon of thick green algal mats oc-
curring regularly on seabed is known as “green
tide”. In the affected areas, typically one or a few
unattached green algae species, such as Cladopho-
ra spp., Enteromorpha spp. (Vadas & Beal 1987,
Fletcher 1996) and Ulva lactuca (Thorne-Miller
et al. 1983, Soulsby et al. 1985), are responsible
for the large biomasses that cover the bottoms of
sheltered areas. The accumulations are observed
especially at low tide when the seabed is exposed.
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By creating a shortage of oxygen algal mats in-
crease the production of hydrogen sulphide in the
sediment, which has negative effects on the fauna
and flora (Bonsdorff 1992).

Phenomenons similar to “green tide” have
been reported in the northern Baltic but the algal
masses are polytypic and sometimes deposited on
shores in the absence of tide. Cladophora glome-
rata has been found growing vigorously on sandy
beaches of the northern and south-western coasts
of the Neva Bay, seriously impairing recreational
use of the coast (Alimov et al. 1994). Unattached
filamentous algae, such as Pilayella littoralis,
Sphacelaria sp., Dictyosiphon tortilis, Ectocarpus
siliculosus and Enteromorpha spp., have been
identified in large biomasses covering sediment
bottoms at water depths of 3—15 metres in parts
of the South-eastern Gulf of Bothnia (Bonsdorff
1992, Mikinen et al. 1994, Norkko & Bonsdorff
1996). Wallentinus (1979) reported free-lying fila-
mentous and unusually broad Enteromorpha sp.
and Monostroma grevillei in the Asko area of
Sweden. Extensive mats of a single species of En-
teromorpha, with high biomass, have also been
reported to cover large sheltered areas e.g. Hanko
peninsula, Tammisaari and Uusikaupunki archi-
pelagos along the Finnish coast (Kautsky 1982,
Koistinen 1989, Bick et al. 1993b, Lampolahti
1997). We found large Enteromorpha in 1992 on
the West Coast of Finland, near the mouth of the
Eurajoki. The species was identified as Entero-
morpha intestinalis by molecular systematic meth-

31 Mar.—1 Apr. 1993; 6 =
19-20 Mar. 1993.

ods (J. Blomster unpubl.).

The aim of the present investigation was to
provide information on the occurrence of the
ephemeral monostromatic sheet form of Entero-
morpha intestinalis on the Finnish West Coast.
The seasonality and summer biomasses of the al-
gal mat were followed during a five-year period.

MATERIAL AND METHODS

The study was carried out on the W coast of Fin-
land near the mouth of the Eurajoki (Fig. 1). A
mosaic of islands and skerries of various size dom-
inate the area. The principal sampling site, Olki-
luodonvesi, is a fairly sheltered water body, char-
acterised by mainly with sandy and soft sediment
bottoms. On the shores of the several islands the
underwater rock does not extend to great depth
but forms only a narrow zone where algae can
attach and grow. The annual seawater tempera-
ture varies between 0 and 20 °C. During the win-
ter, ice up to one meter thick may cover the area
for up to four months. The salinity of the water
varies between 4 and 5 ppt seasonally. Records
were kept of the winds and rainy and sunny days
in the study area. There is no tide in the Baltic Sea
and the seawater level varies only in response to
barometric conditions. In general, the pattern is
low water level in spring (March—April), rising
gradually to highest levels in autumn. This pat-
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tern characterised the years 1993, 1994 and 1996
(Fig. 2a). In 1995 and 1997, water level is high in
spring and but dropped for a short period of time
in summer before rising again later in the autumn
(Fig. 2b).

An intensive study on the distribution of En-
teromorpha intestinalis was conducted in 1993.
Altogether 77 sites were visited in order to plot
the overall distribution of the E. intestinalis mat
(Fig. 1). To estimate the distribution and thick-
ness of individual mats, investigations at sites with
E. intestinalis were carried out by SCUBA divers.
During winter only the distribution was surveyed
by dredging through holes drilled through the ice.
Monitoring of the area for floating E. intestinalis
was done daily from a motor boat.

Further documentation of the distribution of
the sheet form of Enteromorpha intestinalis was
carried out in Olkiluodonvesi in spring and sum-
mer 1994-1997. During this period the number
of sampling points was reduced and only sites 1,
4-7,10 and 14 were observed (Fig. 3). The thick-
ness of the mat was examined by diving and the
distribution either by diving and or by dredging
from a boat. The distribution was scored as ab-
sent, sparse or abundant.

5 Jun.
10 Jun.
15 Jun.
20 Jun.
25 Jun.
9 Aug.
14 Aug.
19 Aug.
24 Aug.
29 Aug.

The summer biomass of Enteromorpha intesti-
nalis was estimated on the basis of 15 sampling
points randomly selected (Fig. 3). The study area
was divided into squares of 100 x 100 m and
squares to be investigated were chosen randomly.
Biomass samples were taken once a year from
1993 to 1997 in the middle of June. A plastic frame
(size of 0.12 m?) was thrown into the water from
the anchored boat and a diver placed it on the bot-
tom. All the loose material within the frame was
collected into a sieve net. Two samples (0.12 m?
each) from the same square were collected in the
same way, were combined for a coverage of
0.24 m?. The visibility in the water was extremely
poor on the soft sediment bottom and the use of a
small frame made it easier for the diver to collect
all the material within the frame. In the labora-
tory, E. intestinalis was washed clean from the
mud and bottom fauna. Excess water in the sam-
ples was removed by gently soaking it into a tis-
sue paper. The same person did the work each
year. The fresh weight of the sample was used for
biomass estimation of E. intestinalis. The total bio-
mass of E. intestinalis in the area was calculated
as fresh weight per m? with the mean value for
each of the 15 squares in the calculation.
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Fig. 3. Randomly located sampling points for study of
biomass and distribution of Enteromorpha intestinalis
in 1993—-1997, with indication of abundant and sparse
occurrences.

RESULTS

The distribution of Enteromorpha intestinalis mat
in Olkiluodonvesi varied only slightly over the
five years of the study. In 1993, E. intestinalis
occurred in greatest abundance close to the shore-
line where the water was 1-2 m deep. Likewise
in 1994-1997, it favoured the sheltered coastal
areas and was not found at open shore locations
(Fig. 3). The mat occurred mostly in small shal-
low (0-3 m) bays where it formed a fairly uni-
form community over a wide area. The distribu-
tion was patchy in deeper parts (3—5 m) where
soft silt formed the bottom. The thickness of the
E. intestinalis mat was uneven, varying from less
than five upto 20 centimetres. Occasionally, black
sediments smelling of sulphide were found be-
neath the mat. There were no major differences
during the study in the survival of E. intestinalis
over the winter months. The algae remained alive
under the ice. Enteromorpha intestinalis sheets
were deeper in colour and smaller in size in win-
ter than in summer.

Enteromorpha intestinalis mats were found
floating once and sometimes twice each year. The
first period occurred in March—April, just after
ice melt normally was short and not intensive. At
that time the seawater temperature was still close
to zero. In some years a second episode of float-
ing occurred, after a period of calm and sunny
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weather and abnormally low water. The second
episode occurred only in years when the water
level was high in spring and dropped in early sum-
mer, e.g. in 1995 and 1997. In 1997 floating did
not occur until July, when the water level declined
abnormally. Normally, this massive floating lasted
from two to three days and large amounts of de-
caying E. intestinalis were deposited on the shore.
Abundant gas bubbles were observed underneath
the E. intestinalis mat. The plants were lifted up
and buoyed up and moved with the waves and
water currents.

The total summer biomass of Enteromorpha
intestinalis in the area (3.7 km?) gradually dimin-
ished from 97 to 32 tonnes during the study pe-
riod (Table 1). The greatest biomasses were meas-
ured near the shore at 1-2 metres depth, and the
smallest at a depth of 6 metres (Fig. 3).

DISCUSSION

The identity of the monostromatic, unattached
sheet like Enteromorpha in the Baltic Sea has
caused some controversy. Kautsky (1982) identi-
fied sheet like green alga as E. compressa and
found it to form massive mats in SW Finland. Wal-
lentinus (1979) mentioned torn parts of Monostro-
ma grevillei, unattached and drifting about in
spring but absent in summer. The identification
of Enteromorpha (Blomster et al. 1999) and other
green algal species (Coat et al. 1998) has become
more reliable with the use of molecular biologi-
cal methods. This non-morphological approach
also enabled the identification of the monostro-
matic form of E. intestinalis (J. Blomster unpubl.).

Monostromatic sheet-like Entermorpha intes-
tinalis occupies an unusual niche for macroalgae.
It grows successfully unattached in shallow wa-
ter with on a sediment bottoms and can tolerate
the harsh winter conditions of the Baltic Sea. Vau-
cheria spp. and Chara spp. and seed plants, such
as Potamogeton spp., Myriophyllum spp. and
Callitriche sp. are the usual occupants of sand or
silt bottoms in the Baltic Sea. These plants die
out in late autumn and they do not begin to grow
again until the water temperature has risen (Luther
1951, Ulvinen 1955, Hillfors et al. 1987). Large
E. intestinalis mats on sediment substrates may
be much more common on the Finnish shoreline
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than thought. The extensive length of the shore-
line and the complex mosaic structure of the Finn-
ish archipelagos, together with the growth depth
of these mats, make observations laborious. There
may also be some confusion with Monostroma
balticum. In many cases drifting sheet-like green
alga identified as M. balticum could be E. intesti-
nalis.

Free-lying Enteromorpha has been recorded
in 1990s in the archipelago of Uusikaupunki
(Lampolahti 1997). In the late 1970s and early
1980s, a sheet-like alga identified as Enteromor-
pha compressa occupied a large area of sandy bot-
toms on the northern side of the Hanko peninsula,
Finland (Kautsky 1982, Koistinen 1989). The bio-
mass values (440 dryweight g m™) were much
higher than the values measured in our study. With
the decrease in ammonium sulphate load in the
area, the biomass and the area covered by Entero-
morpha mats were decreased. Some Enteromor-
pha sheets evidently still persist, though Entero-
morpha compressa is not longer the dominant
species in the area (A. Ruuskanen pers. comm.).
A sheet-like Enteromorpha would be able to take
up nutrients quickly and thus successfully com-
pete with other benthic algae and higher plants
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(Kautsky 1982). The cells of a sheet-like alga are
optimally exposed to light and nutrients (Hein et
al. 1995). Moreover, the anoxic conditions under
an algal mat might cause a rapid release of nutri-
ents from the sediment, making them available to
the alga (Sfriso et al. 1992, McGlathery et al.
1997). Anoxic conditions were observed in our
study area, and black foul-smelling decaying al-
gae and sediment were found under the densest
mats.

Algal mats interfere with the benthos by cre-
ating hypoxic or anoxic conditions with develop-
ment of hydrogen sulphide in the sediment (Sund-
bick et al. 1990, Bonsdorff 1992). The natural
littoral vegetation and bottom fauna may suffer
due to the algal mat covering the available sub-
strata (Mékinen et al. 1994, Norkko & Bonsdorff
1996). Norkko and Bonsdorff (1996) demon-
strated very rapid structural changes in the zoo-
benthos community due to an algal mat. Bonsdorff
(1992) reported that multi-species algal mats dis-
appear and move with water currents. Compared
with multi-species algal mats, an Enteromorpha
intestinalis mat is extremely stable: during our
five-year study, high values of E. intestinalis bio-
mass were measured every summer at almost the

Table 1. The biomass of Enteromorpha intestinalis (fresh weight g/m?) in Olkiluodonvesi in 1993-1997. The

sampling sites are shown in Fig. 3.

Sampling  Sampling Biomass freshweight g m=
site depth (m)

1993 1994 1995 1996 1997
1 5 5.9 25.4 25.6 6.1 39.8
2 5 0 1.1 3.3 0 28.1
3 3 10.1 1.6 0.3 0.1 0
4 2 27.3 27.3 4.3 10.4 12.8
5 3 1.3 0 0.5 0.1 0.3
6 3 0 0 31.6 16.2 1.2
7 4 0 8.8 1.3 0.1 0.6
8 3 25.6 1.4 4.6 22 0
9 5 2.1 1 0.2 0.5 0.1
10 6 0.8 0 0.3 0 0.2
11 3 1.3 2 0.2 2 0.1
12 1 64.3 9.9 0.4 63.6 0.1
13 2 255.5 157.9 10.5 8.5 1.5
14 2 3.4 53.7 94.2 69.9 47
15 6 0 22 0.9 0.8 1.5
Mean g m=2 26.5 19.5 11.9 12 8.9
Total biomass (3.7 km?) 96 720 kg 71175 kg 43 358 kg 43 800 kg 32930 kg
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same locations. An E. intestinalis mat that stays
in the same location can be assumed to have se-
vere impact on the bottom fauna.

Ice cover affects the vegetation by reducing
the amount of available light and in shallow areas
abrasive action of the ice may cause additional
harm (Kiirikki & Ruuskanen 1996). Unattached
monostromatic Enetromorpha intestinalis is able
to stay alive under the ice and exhibits extremely
vigorous growth immediately after the ice has
melted. A similar phenomenon has been noticed
in Ulva lactuca on the Danish coast (Vermaat &
Sand-Jensen 1987). A two months dark period and
low temperatures did not influence the subsequent
growth capacity of U. lactuca. In our study, E. in-
testinalis was found alive under the ice even after
five months, demonstrating its ability to withstand
prolonged darkness and temperatures close to
zero. It is likely that E. intestinalis have a strong
overwintering capacity as U. lactuca (Vermaat &
Sand-Jensen 1987. In the inventory from Decem-
ber to April 1993, viable sheets were found in the
study area at the depths from 1 to 6 metres. In the
studies on the Swedish West Coast, Pihl et al.
(1996) found algal mats of Cladophora spp. and
Enteromorpha spp. to be present from June to
August but they did not investigate the possible
overwintering capacity of the mats. Overwintering
capacity and the ability to grow from frond frag-
ments are powerful tools for quick start and growth
in spring. With this strategy, large areas can be
colonised in spring, before higher plants begin
their growth. Monostromatic E. intestinalis has a
similar growth and survival pattern to that of
U. lactuca (Vermaat & Sand-Jensen 1987), and
after withstanding unfavourable winter conditions
commences extremely vigorous growth in spring.

On the basis of our findings we believe that
Enteromorpha intestinalis mats may have the
potential to cause serious changes in the Baltic
shallow water ecosystem. The mats are extremely
persistent and tolerate well a variety of environ-
mental conditions and seasonal changes. If the
amount of macroalgal mats such as E. intestinalis
mats are increasing in response to pollution as sug-
gested by Fletcher (1992, 1996) and Bonsdorff et
al. (1997), a significant threat to coastal ecosys-
tems is indicated.
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