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ABSTRACT: Although nutrient inputs to the Baltic Sea have increased drastically since the end of the 
last century, there is still little hard biological evidence of a general eutrophication of the Baltic Sea 
outside locally polluted areas. A revisit after 40 yr to some well-documented diving stations in the outer 
archipelago of the h a n d  Sea gave us an  opportunity to register any changes in benthic vegetation that 
could be  linked to eutrophication, By mapping the vertical distribut~on in coverage of bladder wrack 
Fucus vesiculosus (L.) at 11 stations we observed that the lower limit of this alga had moved upwards at  
10 stations from maximally 11.5 m in 1943/44 to 8.5 m in 1984. Also the depth of maximum development 
had withdrawn from 5 to 6 m in 1943/44 to 3 to 4 m in 1984, while coverage a t  these depths was about 
the same: 58 % and 51 % respectively. The deepest specimens today at 8.5 m had the same dwarfed 
appearance as those found at  11.5 m in the 1940's; at that time growth at 8 .5  m was luxuriant During 
both studies the decrease in F. vesiculosus coverage with depth towards the lower limit could be  
approximately fitted to an  exponentially decreasing light attenuation curve. Since the structure of 
Baltic hardbottom communities is almost totally governed by abiotic factors, the changes in depth 
penetration are probably caused by decreased transparency of the water column due to eutrophication. 
Results indicate that the decreased water transparency arises from a 40 to 50 % increase in summer 
values of chlorophyll a and nutrients in the offshore surface water of the Baltic Sea since the 1940's. 

INTRODUCTION 

Man's activites have drastically increased nutrient 
inputs to the oceans, yet there are still very few indica- 
tions of regional eutrophication (UNEP 1982). This is 
because most nutrients from land are generally effi- 
ciently trapped in  the coastal zone where they may 
cause local eutrophication effects. 

In the Baltic ecosystems, long-term changes are 
caused not only by climatological factors such as salin- 
ity and temperature (Fonselius e t  al. 1984), but also by 
anthropogenic impacts such as  eutrophication (review 
in Melvasalo et al .  1981). Local eutrophication has 
been responsible for changes in benthic vegetation in 
many coastal areas of the Baltic Sea over the past 
century (review in Wallentinus 1981) and the possible 
eutrophication of the open Baltic Sea has recently been 
thoroughly reviewed by Larsson (1985). Increasing 
trends in nutrient levels of the Baltic have been regis- 

tered since measurements started in the late 1950's 
(Fonselius 1980, Nehring et al. 1984), and calculations 
of nutrient inputs indicate a 4-fold increase in the 
nitrogen and a n  8-fold increase in the phosphorus load 
since the end of the last century (Larsson e t  al. 1985). 
There is, however, still little hard biological evidence 
for eutrophication of the Baltic Sea outside locally 
polluted areas. 

There is no direct evidence of increased pelagic 
primary production in the open Baltic because time- 
series have been of too short a duration and also 
because different methods have been used (Nehring et  
al. 1984). Good 'historical' data are also lacking (Mel- 
vasalo et al. 1981). However, increased primary pro- 
duction is indicated, indirectly, by decreasing oxygen 
levels in deep waters since the beginning of this cen- 
tury (Fonselius 1969). Analysis of zinc contents in sedi- 
ment cores may also indicate increased sedimentation 
of organic matter in the open Baltic Sea (northern 

O Inter-Research/Printed in F. R. Germany 



2 Mar. Ecol. Prog. Ser. 28: 1-8, 1986 

Baltic proper, Gotland Deep and Bornholm Basin) at distribution on rocky bottoms, from rather sheltered 
least since about 1935 (Hallberg 1974, Suess & Erlen- bays to exposed skerries (Waern 1952). Except for the 
heuser 1975, Niemisto & Tervu 1978). innermost sheltered areas the algal biomasses are 

Furthermore the doubling in Baltic fish catches, from totally dominated by F. vesiculosus. 
450 000 tons yr-' in the late 1950's to about 900 000 Eleven of the stations investigated during 1943/44 
tons yr-I from 1974 onwards (Mankowski 1978), may (Waern 1952) were revisited in June 1984 (Fig. 1). 
reflect increased primary productivity, although a 
simultaneous increase in fishing effort might also 
partly explain the higher yields (Thurow 1980, Nehr- 
ing et  al. 1984, Aneer 1985, Hansson 1985). 

A severalfold increase since the 1920's in benthic 
fauna (mainly filter feeders) above the halocline in the 
NW Baltic proper was documented by Cederwall & 
Elmgren (1980). They suggested their data indicated 
eutrophication resulting in increased food availability 
for the  benthos. This interpretation was questioned by 
Persson (1981) who thought the increase more likely to 
b e  a result of decreased predation pressure on benthos 
due  to presumed overfishing of demersal fish during 
the 1930's. 

With the exception of the well-documented diving 
investigations by Waern in the &and Sea during 1943/ 
44 (Waern 1952), no quantitative samples from rocky 
benthic communities in the Baltic Sea exist before the 
end of the 1960's. A revisit to these early stations gave 
us a n  unique opportunity to determine whether there 
had been any major changes in benthic communities 
in this area in the intervening period. In this paper we 
discuss changes observed in the depth distribution of 
bladder wrack Fucus vesiculosus, and argue that these 
data can be used as a biological indicator of long-term 
changes in abiotic factors. 

MATERIAL AND METHODS 

Study area. A general description of the morphology Fig. 1 Investigation area with positions of revisited diving 
transects 

and hydrology of the investigation area along with 
vegetation zonation and biomass distribution is given 
by Waern (1952). Due to the low salinities in the Baltic, These stations are mainly situated in the outer part of 
Fucus vesiculosus is a very important component of the the archipelago facing the Aland Sea. There is a large 
ecosystem. It is the only large, belt-forming brown alga water exchange through this area with dominating 
found in the northern Baltic proper and the h a n d  Sea. surface-water currents (up to 1 m S-') coming from the 
In tidal marine environments outside the Baltic, F. north (Ambjorn et al. 1983), which indicates that the 
vesiculosus is restricted to the upper part of the interti- investigation area is well ventilated. 
dal belt. In the practically tideless Baltic, however, it The western and northernmost stations of Waern 
can be found as a continuous belt from just below the were not rev~sited since this part is influenced by water 
extreme low water level down to 10 m depth and more from the River Dalalven (Waern 1952). Nor were some 
in clear waters (Levring 1940, Waern 1952, 1965, of the innermost stations investigated since they were 
Kautsky 1984). In the archipelagos of the northern not deep enough to include the lower part of the 
Baltic proper maximum cover and biomass are  gener- vegetation-covered bottoms; also they may be influ- 
ally found between 0.5 and 5 m depth (Jansson & enced by local municipal discharges of the pulp mill 
Kautsky 1977). effluents from Hallstavik, where local changes in the 

In the investigated area, the southeastern part of the soft bottom fauna have been observed inside the island 
Oregrund Archipelago, Fucus vesiculosus has a wide of Singo (H. Cederwall pers, comm.). 
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Methods. Diving transects were placed as close as 
possible to the diving sites of Waern in 1943/44. To 
relocate the original spots we used the marked naviga- 
tion charts used by him together with his land and 
underwater photographs and original transect draw- 
ings. These were complemented with echo soundings 
and with verbal instructions from Waern himself in the 
field. 

Since Waern (1952) used helmet diving, he  was 
connected to the boat by an  air-supply line. Although 
the boat could b e  towed between 2 anchor points, 
Waern's operational range was limited compared to 
that of the SCUBA divers. All Waern's observations 
were transmitted by telephone to the boat where they 
were written down. Depth was hand-sounded during 
the 1943/44 study, while calibrated depth gauges (SOS 
Helium, Italy) were used in 1984. A comparison of the 2 
methods, by using easily identified structures on the 
bottom and correcting for water-level variations, gave 
slightly deeper values for the hand-soundings. This is 
largely explained by the land-rise in this area of Swe- 
den amounting to 0.0061 m yr-I (Anon 1975) i.e. about 
0.25 m for the past 40 yr. Since all depth values are 
related to actual mean water levels during the years 
studied, this land-rise will not influence later discus- 
sions on changes in the depth distribution of Fucus 
vesiculosus. 

The sampling methods used in the present investiga- 
tion were described in earlier papers (Jansson & 
Kautsky 1977, Kautsky et  al. 1981) and essentially 
follow the recommendations of the Baltic Marine 
Biologists (Dybern et al. 1976). The variation with 
depth in the degree of cover of major plant and animal 
species was noted along a line marked at meter inter- 
vals placed on the bottom. Special care was taken to 

register the deepest finds of Fucus vesiculosus. At 
Station 10 in 1984 and at Station 6 in 1943/44 this was 
the only work undertaken. 

Slightly different methods for estimating the degree 
of plant cover were used in the 2 studies. In 1943/44 the 
relative 5-point scale of Hult-Sernander-Du Rietz 
(Waern 1952 p. 230) was used within deployed quad- 
rats measuring 0.25 X 0.25 m. The cover classes used 
and a translation of these values to percentage cover is 
given in Table 1. Waern sometimes also used a kind of 
general covering degree within his field of vision (2 to 

Table 1. Translation of cover estimates used in 1943/44 to 
percentage used in present calculations 

Estimates used 1943/44 Translation 

Estimate Area covered to % 

5 111 - 112 75.0 
4 1/2-1/4 37.5 
3 1/4-1/8 17.5 
2 1/8-1116 7.5 
1 < 1/16 2.5 

8 m). In 1984 a 7-point scale (1, 5,  10, 25,50, 75, 100 %) 
of the percentage of bottom area covered by the diffe- 
rent species within 3 to 5 m on each side of the transect 
line was used. 

RESULTS 

In 1943/44 Fucus vesiculosus was found down to 11.5 
m depth a t  2 stations. In 1984, the deepest findings had 
risen by 3 m to 8.5 m depth (Table 2). At 8 out of 11 
stations the deepest finds of F. vesiculosus in 1943144 

Table 2. Fucus vesiculosus. Lower depth limits at different stations in 1943/44 (Waern 1952) compared with 1984 (present 
investigation). ve = very exposed, e = exposed to waves 

Station no. Direction and exposure Maximum depth Difference Comments 
of transect of F. vesicolosus 

1943/44 1984 

1 S ve 2 9.5 7.5 (-2.0) (1) 
2 N ve 10.0 7.5 -2.5 
3 SE ve 11.5 7.8 -3.7 
4 W e 10.5 8.5 -2.0 
5 N c 8.8 6.5 -2.3 
6 S t 2 8.0 7.0 (-1.0) 
7 S e 11.5 7.8 -3.7 
8 E e 10.2 7.5 -2.7 
9 S e 10.0 8.1 - 1.9 

10 N c 2 9.0 8.0 ( -  1.0) 
11 SE e 2 6.0 7.0 (+1.0) 

(1) Diving transects run at these sites in 1943/44 may not have reached to the lower limits of distribution 
(2) Maximum depth in 1943/44 recorded by grab sampling 
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were below the maximum of 8.5 m in 1984. In 1943/44, 
diving was terminated at the remaining stations (6, 10 
and 11) before the maximum depth of F. vesiculosus 
had been determined. Thus at Stations 6 and 10 the 
registered withdrawal was only 1 m. At Station 11 the 
1984 investigation even found F. vesiculosus at 7 m 
depth, 1 m deeper than Waern did in 1943/44. Waern 
(1952; p. 276), however, writes about this station that 
'the growth seems poor even below 6 m' indicating that 
F vesiculosus occurred also at greater depth. 

The average changes in Fucus vesiculosus coverage 
between 1943/44 and 1984 are shown in Fig. 2. While 

Fig. 2. Fucus vesiculosus. Percentage of bottom area covered 
in different depth intervals k SE of means, compared 
between 1943/44 a n d  1984. Stat~on 6 in 1943/44 is excluded 

since it had no recorded cover estimates 

the average maximum coverage has changed insig- 
nificantly from 58 to 51 % over the period, it has shifted 
considerably in depth. In 1943/44, it was found at 5 to 6 
m whereas the maximum in 1984 was in the 3 to 4 m 
depth interval. While a dense E vesiculosus belt 
started at as little as 1 m depth in 1984, it did not begin 
until 3 m depth in 1943/44. 

At all stations the pattern of changes between the 2 
studies was the same, and no significant differences 
could be found between stations in different parts of 
the area or at stations with different exposure. 

In Fig 3 the logarithmic value of % cover derived 
from Fig. 2 has been plotted against depth for the 2 
investigations. For the deeper part of the graph, the 
points fall on straight converging lines, close to those 
expected had the changes in depth distribution of 
Fucus vesiculosus been directly related to changes in 
light attenuation due to decreased transparency of the 
water. Above about 25 % coverage the curves bend. 
Possible explanations for the bend could be that at this 
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Fig. 3. Fucus vesiculosus. clog % average cover plotted 
agalnst depth for the 2 investigations (cf. Fig. 2)  The deeper 
observations have been fitted to straight lines. Each point 
represents the weighted mean of all values within the depth 
interval. 95 % confidence limits are given. Above about 25 % 

cover the polnts no longer fall on the lines (see text) 

cover density, growth of F. vesiculosus becomes 
limited by shading from other fronds, by whiplash 
effects, or by other types of intraspecific competition. 
Shading from epiphytes will also generally increase at 
shallower depths. Above 3.5 and 5.5 m depth in 1984 
and 1943/44, respectively, the disturbance of the com- 
munities by ice erosion and strong wave action can 
also be seen. 

DISCUSSION 

In locally polluted areas eutrophication is generally 
accompanied by decreased depth extension of benthic 
vegetation due to increasing turbidity (Pekkari 1973, 
Lindgren 1975). In general, there will also be a shift in 
dominance towards opportunistic bluegreen, green 
and brown algae (Wallentinus 1981). These may grow 
as epiphytes on perennial species such as Fucus ves- 
iculosus or certain red algae, which are then some- 
times out-competed through shading or nutrient deple- 
tion (Kangas et al. 1982, Wallentinus 1984a, b, Wallen- 
tinus et al. 1985). 

The recession of algal vegetation due to decreased 
light transmission in the Baltic is often followed by an 
invasion of carpets of filter-feeding blue mussels 
(Waem 1965, Luther 1972, Mathiesen 1974, Wallen- 
tinus 1979). The mussels may start to dominate from as 
little as 1 to 2 m depth in eutrophied sewage receivers 
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owing to increasing amounts of food and reduced com- 
petition for space by the algae (N. Kautsky unpubl.). 

Fluctuations in species composition on true marine 
rocky bottoms are generally due to species interaction 
through predation, herbivory, competition etc. or dis- 
turbance due to changes in physical factors (Dayton 
1971, Connell 1972, Menge 1976, Paine 1977). This 
multitude of causes and the resulting long and short 
term cycling makes it difficult to evaluate the effects 
of biological and abiotic factors in monitoring pro- 
grammes (cf. Lewis 1976). 

On the other hand, the Baltic ecosystems are com- 
paratively stable with regard to species structure since 
major herbivores on macroalgae (e.g. sea urchins, Lit- 
torina spp., Patella spp.) and major predators on 
Mytilus edulis (e.g. Asterias spp., Carcinus spp.) are 
lacking, and because there is less interspecific compe- 
tition due to the lower number of species present 
(Kautsky 1981). Observed changes in coverage or 
species composition are thus likely to reflect changes 
in environmental factors in The same way as the sea- 
sonal variation in light and nutrients are mirrored by 
the well-known blooms of phytoplankton or annual 
filamentous algae such as Pilayella littoralis. 

Fucus vesiculosus has a lifespan ranging from 4 to 5 
yr (Kangas et  al. 1982) and up to extremes of 9 to 10 yr 
as observed in the sheltered part of the present investi- 
gation area, while Mytilus edulis may live to an  age of 
20 yr (Kautsky 1982). We believe that changes in the 
coverage of such long-lived species can be  used to 
monitor long-term changes in environmental factors in 
the Baltic, generally with a higher resolution and effi- 
ciency than, for example, monthly measurements of 
nutrients and water transparency. 

In marine environments the upper limit of intertidal 
sessile plants and animals are generally believed to be 
set by physical factors. This has never been conclu- 
sively shown for the lower limits of algae, which are 
believed rather to be determined mainly by biological 
interactions (reviews in Hawkins & Hartnoll 1983 and 
Underwood & Denley 1984). 

In the Baltic Sea the upper limit of Fucus vesiculosus 
is determined by physical stress due to desiccation at 
low water, wave action and/or ice abrasion. Drifting 
pack-ice is said to be  capable of scouring to at least 5 m 
depth (Waern 1952 p. 19). The observed lower cover- 
age of F. vesiculosus above 3 m depth in the 1943/44 
material is thus probably explained by the 3 ice win- 
ters in 1939/40 to 1941/42, the most severe of the 
century (Anon 1983). In contrast, the winters prior to 
the 1984 study were fairly normal (Anon 1983), which 
is reflected in denser growth closer to the water sur- 
face. However, there are some other factors which may 
cause changes in the same direction. In areas where l? 
vesiculosus becomes limited by salinity it has been 

noted that the upper boundary of the F. vesiculosus 
belt moves deeper. Thus, even today, E vesiculosus is 
not found above about 3 m depth inside the island of 
Graso. In low salinity areas that are enriched by nu- 
trients, such as close to sewage outlets or around sker- 
ries fertilized by bird droppings etc. F. vesiculosusmay 
grow close to the surface again (Waern 1952, Pekkari 
1973). The increase in both salinity and nutrient levels 
since the 1940's will thus have stimulated an  upward 
extension of F. vesiculosus towards the surface. 

The lower physiological depth limit of algal growth 
is determined by light availability which is limited by 
water transparency or sediment 'dust' on the algae or 
on the bottom. In the h a n d  Sea,  with few biological 
interactions, this will most probably be  the depth limit 
also for single algal species like Fucus vesiculosus. 
This means that the observed decrease in maximum 
depth from 11.5 m in 1943/44 to 8.5 m in 1984 is likely 
to be  directly related to a corresponding decrease in  
light. 

No physical factor other than light is likely to have 
caused the observed effect. Since the bottoms are con- 
tinously swept clean in this open archipelago a n  
increased sedimentation rate would not increase the 
amount of detritus on the bottoms and lead to 'suffoca- 
tion' of the vegetation. Theoretically, any change in a 
factor that lowers the 'scope for growth' of Fucus ves- 
iculosus e.g.  by increasing its respiration, will tend to 
decrease the maximum depth of penetration of F. ves- 
iculosus. The direct effects of the registered increased 
in temperature since the 1940's of about 0.5 C" and in 
salinity of about 0.5 %O (Melvasalo et al. 1981) on the 
physiology of F. vesiculosus must, however, be  
regarded as insignificant in influencing its lower limit 
(cf. Bird et  al. 1979, Fortes & Liining 1980). Also, the 
registered increases in heavy metals, chlorinated hy- 
drocarbons, oil etc. since the 1940's (Melvasalo et al. 
1981) are so low that they cannot account for the 
observed changes in depth distribution of F. ves- 
iculosus. 

Indirectly the salinity increase could improve condi- 
tions for some marine species which were earlier living 
at their tolerance limits, and thus increase competition 
for space. There were, however, no signs of severe 
algal competition for space at the lower limit of Fucus 
vesiculosus and although Mytilus edulis seems to have 
increased since the 1940's, there were bare, uncovered 
rock surfaces present at the time of revisiting, which 
was also a likely time for the settling of F. vesiculosus 
spores. 

The recent decline of Fucus vesiculosus reported 
from several other parts of the Baltic Sea, especially in 
Finnish coastal areas (e.g. Kangas e t  al. 1982, Hallfors 
et al .  1984, Makinen et al. 1984, Ronnberg 1984) is 
probably caused by several factors. In the most affected 
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areas, there has been a more or less total decline of F. 
vesiculosus. Since most of the Finnish areas where 
Fucus vesiculosus disappeared are situated close to 
known upwelling areas of nutrient-rich bottom water, 
the disappearance is generally indirectly linked to 
eutrophication. Excessive growth of Pilayella littoralis 
is said to have directly outcompeted F. vesiculosus or 
favoured the reproduction of the isopods Idothea spp. 
which has led to overgrazing (e.g. Kangas et  al. 1982, 
Haahtela 1984, Hallfors et  al. 1984). Grazing by 
Idothea spp,  would, however, leave characteristic bite 
marks on the remaining F. vesiculosus which were not 
observed in the present study. Furthermore, the pre- 
sent investigation area was not noted as a n  upwelling 
area by Gidhagen (1984), and unlike Finnish areas, 
there has been no change in the coverage of E ves- 
iculosus at optimum depths. 

Since the observed decline in coverage with depth in 
the deeper parts both today and during the 1940's 
follow patterns that can be expected from changes in 
the light attenuation curve, the most probable cause for 
the decreased depth extension of Fucus vesiculosus in 
the  present investigation area is a general reduction in 
the light transmission of the water. This is also sup- 
ported by  the  observation that the deepest plants today 
a t  8.5 m were of the same dwarfed appearance a s  those 
found at  11.5 m in 1943/44, while at that time growth at 
8.5 m was rather luxuriant. 

Thus we concluded that the likely cause is a 
decrease in water transparency, i.e. an  increase in the 
light extinction rate. Waern (1952 p. 19) mentions that 
Secchi disc readings among the skerries were about 8 
m in the 1940's. During May to September in 1979 to 
1982 this had decreased to a n  average of 6.9 m ( n =  21, 
SE=0.3) a t  a monitoring station outside the island of 
Singo (E. Bergstrand, pers. comm.). Although this 
decrease supports our hypothesis, the observations 
from the  1940's are  too few to conclude that these 
differences are significant. Furthermore, it does not 
give us any information as to what has caused the 
change in light transmission. 

According to Hutchinson (1957), the total extinction 
rate is the sum of the extinction for pure water, dissol- 
ved substances, particles, and chlorophyll. The extinc- 
tion for pure water will not have changed since the 
1940's. Dissolved substances comprise humic sub- 
stances ('gelbstoff') and lignin sulfonates. No measure- 
ments of these are available from the 1940's. The 
observed salinity increase since then amounting to 
0.5% would, however, lead to a reduction of both 
substances by about 10 % due to precipitation (Nyquist 
1979, p. 186). Lignin sulfonates in the Baltic have 
probably also decreased since the 1940's owing to 
successive closing down of most sulfite pulp mills, 
including that in Hallstavik. During 1974 to 1977 

levels of about 1.5 mg 1-I of lignin sulfonates were 
measured in the southern Bothnian Sea (Nyquist 1979). 
Although probably higher than today's values, these 
levels would influence the photosynthetically active 
radiation only marginally (cf. Nyquist 1979, p. 132). 
Furthermore, Fucus vesiculosus, like other 
Phaeophyta, is less dependent on the spectral composi- 
tion of the radiant energy than other algal groups 
because of its additional brown pigments (Levring 
1967). 

With regard to particulate matter, information is also 
very sparse and the data available (e.g. Jerlov 1975). 
do  not allow any conclusions to be  drawn. In any case, 
changes in particles would most likely be directly 
related to changes in phytoplankton biomass. Thus the 
large changes in the light climate accounted for by the 
increased extinction rate, and the change in depth 
distribution of Fucus vesiculosus appear to have been 
caused by an increase in chlorophyll. 

By comparing the slopes of the regressions in Fig. 3 
we can calculate that the average extinction rate has 
increased by 44 % since the 1940's, probably mostly 
due  to increased chlorophyll levels. This would repre- 
sent a n  integrated value for changes in the light cli- 
mate during the annual growth season of Fucus ves- 
iculosus, which is from May to September (Guterstam 
1979), roughly coinciding with the period when a sum- 
mer thermocline persists. Since the summer concentra- 
tion of chlorophyll a is roughly proportional to the total 
summer nutrient concentration (e.g. Smith 1982), this 
would probably mean that total nutrients have also 
increased by a similar magnitude. The largest 
increases in chlorophyll following an enhanced nu- 
trient load will, however, probably have taken place 
just outside this period, i.e. during the spring and 
autumn phytoplankton blooms, when production is not 
limited by stratification of the water column (cf. Lars- 
son & Hagstrom 1982). 

Compared with the total input figures to the Baltic 
given by Larsson et al. (1985), indicating an  8-fold 
increase in nitrogen and a 4-fold increase of the phos- 
phorus load, the observed effect seems reasonable if 
we assume that most nutrients are bound up in the 
coastal effluent areas and that large amounts settle out 
of the photic zone. Sedimentation is high in the Baltic 
especially just at the end of the spring bloom, when 
about half the spring production has been found to 
settle to the bottom (Smetacek et al. 1980). 

As the upward movement of the lower Fucus ves- 
iculosus limit was of the same magnitude at all stations 
and since we could find no gradient in the results over 
the investigation area, which is well ventilated, we 
believe that the observed change is not due to any 
local effluents, but is representative at  least of changes 
in the Aland Sea. 
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W e  a l so  suspec t  tha t  a s imilar  upward  movement  in 

t h e  d e p t h  distribution of Fucus vesiculosus m a y  h a v e  

t a k e n  p lace  i n  a l l  par ts  of t h e  Baltic paral le l  to  t h e  
observed g e n e r a l  increase  i n  nutr ient  levels .  
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