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In the individual parts of the Baltic Sea the vernal bloom of phytoplankton starts at 

different times. An attempt is made to explain these temporal differences by means 

of the hydrographical differences of the regions. lt is shown that in the western Bal

tic and in coastal areas the start of the bloom depends on the increasing radiation 

When sufficient nutrients are available. In the deeper parts of the Baltic, however, the 

reduction of the vertical convection together with sufficient I ight and nutrient su ppl ies 

is the necessary condition for the outburst of phytoplankton. This lessening of verti

cal convection is indicated by a decrease of the ratio depth of mixed layer to depth of 

euphotic zone. The mass development, that means the rapid growth of phytoplankton 

biomass, is possible when the mixed layer tends to be equal to or less than the 

euphotic layer. For this thesis examples from different regions of the Baltic and of the 

North Sea are given. 

Zusammenfassung 

Zu den Ursachen für die räumlichen und zeitlichen Unterschiede der Frühjahrs

blüte des Phytoplanktons der Ostsee 

Die Frühjahrsblüte des Phytoplanktons beginnt in den einzelnen Gebieten der Ost

see zu verschiedenen Zeiten. Es wird der Versuch unternommen, diese zeitlichen 

Unterschiede durch die hydrographischen Verschiedenheiten der Regionen zu 
erklären. In der westlichen Ostsee und in Küstengebieten hängt der Beginn der 

Frühjahrsblüte von der zunehmenden Lichteinstrahlung ab, sofern genügend 

Nährsalze vorhanden sind. In den tieferen Teilen der Ostsee ist dagegen die Ab

nahme der Vertikalzirkulation zusammen mit einem ausreichenden Licht- und 

Nährsalzangebot der entscheidende Faktor für den Start der Phytoplanktonent

wicklung. Diese Verringerung der Vertikalkonvektion hat eine Abnahme des Ver

hältnisses zwischen der Tiefe der durchmischten Schicht und der euphotischen 

Zone zur Folge. Die Massenentwicklung, das heißt die rapide Zunahme der Phyto

planktonbiomasse, ist dann möglich, wenn die Tiefe der durchmischten Schicht 

sich der Tiefe der euphotischen Schicht annähert oder geringer ist. Für diese These 

werden Beispiele aus verschiedenen Gebieten der Ost- und Nordsee gegeben. 

A conspicuous phenomenon in the annual fluctuation of the development of phyto

plankton in the Baltic are the differences in the times at which the spring bloom 
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commences in different regions. For example, it has been reported several times 
that it starts trom the beginning to the middle ot March in the Mecklenburg Bight, at 
the end ot March or beginning ot April in the Arkana Sea and Gdansk Deep, at the 
middle of April in the Bornheim Sea and in the middle of May in the Gotland Deep 

(KAISER and SCHULZ, 1973 a, b; SCHULZ and KAISER, 1974; KAISER and SCHULZ, 
.1975; BANSE, 1957). 

The following paper will therefore discuss 
- the conditions which must be fulfilled to enable the mass development of the phyto

.· plankton and 

_: the causes for the differences in the times at which the spring bloom commences 
in the different regions of the Baltic. 

The dependence of the primary production on the photosynthetic assimilation 
process reveals that adequate supplies of light and nutrients form two basic require
ments for the growth of algae. According to SVERDRUP (1952), a certain ratio be
tween the depth of the mixing layer and the critical depth is a necessary condition 
for the commencement of the bloom. Thus, start of phytoplankton development can
not take place until the depth of the surface mixing layer is less than the critical 
depth. lnvestigations performed by RILEY (1942) revealed a direct relationship be
tween the development of the plankton and the stability of the water column. In accor
dance with SVERDRUP (1952), CUSHING (1962) stated that the bloom can commence 
when solar irradiation increases and the depth of the mixed layer decreases (see 
also PARSONS and TAKAHASHI, 1973). According to RYTHER (1963), the commence
ment of the plankton bloom depends, in the temperate zones, on the commence
ment of thermal stratification. RENK (1973) suspects a direct connection between 
the temperature of the water and the beginning of the mass development of phyto
plankton. ACKEFORS and L!NDAHL (1975) come to the conclusion, after investigat
ing the primary production in various parts of the Baltic, that the water temperature 
must exceed 2,5 °C in order to initiate the spring bloom. These authors are not, 
however, of the opinion that the plankton bloom and the water temperature are directly 
related, but state that, at temperatures between 2,5 and 3 °C and a salinity of 5-8

°

/oo, 
the water of the Baltic reaches its highest density and can thus be very easily mixed 
down to the halocline or the bottom. They conclude "that the vertical convection in 
spring is necessary to initiate the spring bloom." 

The starting point which we will use to clarify these questions is that the following 
conditions must be fulfilled if algal growth is to be optimal: 

1. The primary phytoplankton production is directly correlated to the light-depen
dent reactions involved in photosynthesis. A sufficient amount of light is thus a
necessary condition for an algal bloom. At our latitudes, the solar irradiation 
fluctuates according to the season; in winter it is this factor which limits produc
tion. 

2. Since primary production involves the building up of organic substances from 
largely inorganic components, a sufficient amount of available nutrients is an
other basic necessity for algal growth. Depending on the seasonal intensity of
algal growth and the prevailing oceanological conditions, particularly phospho
rus (in phosphate form) and nitrogen (in nitrate form) are available in fluctuating
quantities in the euphotic zone. Whereas carbon dioxide and silicate are always
available in sufficient quantities in the Baltic, nitrate and phosphate can become
limiting factors. These considerations also apply to the elements S, Ca, Mg, Na,
K, Fe, Mn, Mo, Cu, V, Co which are necessary for algal growth.
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3. In order to enable the mass development of the phytoplankton, i.e. a sudden in
crease in the amount of organic matter, it is necessary for the cells to remain suf
ficiently long in the euphotic zone. This means that vertical mixing may not be 
extended beyond the compensation point. The ratio between the depth of the 
mixing layer and the depth of the euphotic zone must thus be about unity or less: 

Differences of these necessary conditions must thus be responsible for the different 
times at which the phytoplankton bloom starts in different regions of the Baltic. 

First we want to consider the amount of available light. This is determined largely by 
two factors: a) the seasonal variations in the position of the sun and b) the turbidity 
of the water. 

Judging from the seasonal position of the sun, the spring bloom could commence 
simultaneously in the Arkana Sea, the Bornholm Sea and the Gdansk Deep, since 
all three regions have the same latitude and, if temporary variations due to clouds 
are ignored, thus receive the same amount of solar irradiation. Different degrees 
of turbidity will scarcely be sufficient to cause differences of three or four weaks 
between the commencement of the bloom in these three regions. 

Ouring the spring of 1975, the Secchi depth in all three cases was 10::.._13 m,··so that 
the compensation depth must have been 20-25 m (BANSE, 1957; PARSONS and TA
KAHASCHI, 1973; VOLLENWElDER, 1969). 
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Figure 1 

Vertical distribution ot primary production and chlorophyll a in the Arkana Sea (lett), Bornholm 
Sea (middle) and Gdansk Deep (right) at the end of March/beginning ot April 1975 

The differences between the three areas with regard to available nutrients are 
slight. All components are already available in adequate quantities in February. 
lt can thus be stated that, with respect to the amount of light and nutrients, the con
ditions required for a phytoplankton bloom were already fulfilled at the beginning 
of March, 1975. lt is, however, a fact that, as has also been previously observed 
(KAISER and SCHULZ, 1973a, b; SCHULZ and KAISER, 1975; SCHULZ and KAISER, 
1974), the mass algal development starts at different times (Fig. 1). Thus, pronoun
ced phytoplankton blooms were observed at station 113 (54° 55.5' N, 13° 30' E) in 
the Arkana Sea on 24th March and at station 233 (54° 52' N, 19° 17' E) in the Gdar'lsk 
Deep on 8th April. As figure 1 shows, primary production conditions at statio·n 213 
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(BY 5 A) in the Bornheim Sea were still the same on Bth April as they were in Febru
ary. lf any differences in the amount of available light or nutrients can be ruled out 
as causes for these differences in the times at which the mass algal development 
begins, with a fair degree of certainty, the actual cause must be sought among the 
hydrographical differences between the three regions. 

oc 

5 9 1 3 5 7 9 

-+,--'--'--.'---'--'---L--'----jf-nl--.........,r'--'-....L-�-'--'--+-..,.,......__.____..__.___.'--'--"'--+-0 

m 

so 

10 0 

Figure 2 

Stat.113 

15.2.75 

10 

S °loo 

15 

s s 

1 1 1 1 1 1 1 1 1 cl�uph.l 1 1 1 1 1 1 1 1 1 1 1 'dJuph.l 1 1 1 

m 

so 

1 1 1 dmix.1 1 1 

Stat.213 

19.2.75 

10 15 

Stat.233 

20.2.75 

10 

· 100 

15 

Vertical distribution of salinity and temperature in the Arkana Sea, Bornholm Sea and Gdaflsk 

Deep in February 1975 

Fig. 2 shows the vertical distribution of the salinity and temperature for the three 
stations mentioned above when they were investigated during February, 1975. 
The figure also shows the approximate depth of the euphotic zone as measured 
with the Secchi disc. According to our considerations in points 1-3, a plankton bloom 
would have been possible at this time in the Arkona Sea if the light du ring the season 
concerned had not acted as a limiting factor. 
At the other stations, not only was the light inadequate, but another condition 
for mass development was not fulfilled. 

The ratio 
dmi/deuph > 1

indicates that the vertical mixing process extended beyond the depth of the euphotic 
zone. 
We now want to consider the hydrographical conditions in the mentioned regions at 
the dates given in Fig. 1 (comp. Fig. 3) . On the 24th March, the solar irradiation of 
the Arkana Sea is obviously sufficient to permit the plankton bloom in view of the 
thermal stratification. 
Since the quotient 

dmi/deuph
was almest identical in February, the light must have been the factor which triggered 
the mast algal development. Similar relationships can also be found in regions to 
the west of the Arkona Sea (Fig. 4). At station 23 (54 ° 03.5'1\1; 11 ° 03.3' E) in the Lübeck 
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Vertical distribution of salinity and temperature in the Arkana Sea, Bornholm Sea and Gdaflsk 

Deep at the end of March/beginning of April 1975 
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Vertical distribution of temperature, chlorophyll a, phosphate and nitrate at station 23 in the Lü

beck Bight on February 13 and March 20 in 1975 

Bight, the plankton bloom starts (in the first half bf March) as soon as the light sup
ply becomes adequate as the sun rises. In the Bornholm Sea, the stratification con
ditions on 8th Apri I are not different from those in February. The plankton bloom 
had not started since the vertical convection extended beyond the euphotic zone. 
Thus, the unfavourable value of the quotient 

dmi/deuph
had prevented mass development up to that point. 
In the Gdansk Deep at this time, a slightly heated low-salinity surface layer (Fig. 3) 
was forming above a cooler intermediate layer with a higher salinity, so that the 
quotient 
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had achieved the value 1 required for the mass development of the phytoplankton. 

Stations 213 and 233 thus differed only with regard to the ratio between the depths of 

the mixing and euphotic zones. Thus, it is not, as suspected by ACKEFORS and LIN

DAHL (1975), vertical convection which is necessary to initiate the mass develop

ment, but rather its restriction to a lower depth so that the quotient 

dmix1deuph

assumes a value of unity or less. This thesis will be illustrated by a further example. 

At stations 271 (57° 18.3' N; 20° 04.6' E BY 15 A) a plankton bloom was observed 

on 26th May, i.e. about a month later than in the Bornholm Sea and two months later 

than in the Arkona Sea. Fig. 5 shows the stratification and production conditions for 

1 Hh March and 26th May, 1975. The late development of a surface layer wh ich did not 

extend beyond the euphotic layer was the cause for the late commencement of the 

bloom. Fig. 6 proves that light, for example due to the greater latitude, was not the 

limiting factor before that time. For example, considerably higher chlorophyll values 

and production rates were observed at station 286 (58° 00.0' N; 19° 54.0' E = BY 

20 A) and 282 (58° 53.0' N; 20° 19.0 E BY 29 A) already on 1 Hh April than at station 

271 which is situated further to the south. The hydrographic state of the water co

lumn shown in this figure reveals the d ifference to station 271. The slightly haline 

(station 282) and thermal stratification permitted initiation of the bloom. At station 301 

(59° 51.0' N; 24° 50.0' E = BY 23 B), the bloom had also already commenced in the 

surface layer which was about 12 m thick. 

Differences in the times at which the spring bloom commences due to differences 

in the vertical structure of the water column have also been observed in the North 

m 

40 

60 

Figure 5 

t °C 

3,5 4,0 4,5 5.0 

7.6 7,8 8,0 8,2 8,4 8,6 

S 
0
/oo 

5,5 6,0 
Pmg C/m3,d 

6,5 0 100 

0 2 

mg Chl.a/m3 

200 

m 

10 

20 

30 

Vertical distribution of salinity, temperature, primary production, and chlorophyl I a at station 271 

(BY 15 A) on April 11 and May 26 in 1975 



W. Kaiser, S. Schulz: Commencement of phytoplankton blooms

t °C P mg C/m3,ct 
2,8 3,0 3,2 3,4 0 50 100 

7,1 7,3 7,5 7,7 0 2 6 

Figure 6 S °loo mg Chl.a/m3 

167 

Vertical distribution of temperature, salinity, primary production and chlorophyll a at station 

286 (BY 20 A) and 282 (BY 29 A) on April 11 in 1975 

Sea (KAISER, 1972; FRANCKE, NEHRING, SCHULZ and KAISER, 1973). Thus, the 
spring plankton bloom was observed in the low-salinity Baltic water above the Nor
wegian Trough in the second half of March, whereas, in contrast, it was not obser
ved in the homohaline water to the west of the Trough until two or three weeks later, 
namely when the thermal stabilisation of the water column had commenced. 

These considerable differences in time were observed on an eastwest transect 
at 58° 40' N from 5° E (middle of the Norwegian Trough) to 1° E (Fladen Ground), 
although there was no difference in the available nutrients along the transect 
at the beginning of March and the solar irradiation was probably also uniform. 
These examples can be summarized as follows. \f we assume that suft1c1ent nutrients 
are available in the euphotic layer, and that was the case in our examples, the prima
ry production during the spring is proportional to the light intensity (the intensity 
of photosynthesis is proportional to the number of quanta utilized, although this 
only applies up to a certain light intensity). The decisive condition for the optimal 
development of the phytoplankton is thus the increasing amount of light. The occur
rence of the well-known spring phytoplankton bloom (spring bloom = mass develop
ment = sudden increase in the number of individuals) is associated with the con
dition, already mentioned several times, that the value of 

dmi/deuph
is unity or less. Thus, the mass development must naturally occur in areas in which 
this condition has already been fulfilled due to haline stratification or low water 
depth. In other regions, it begins when the stratification takes place due to gradu
al ly increasing temperature. The importanc� of the temperature for the plankton 
bloom is thus not to be found in its relation to primary production (RENK, 1973) or 
the achievement of the maximum density for Baltic water (ACKEFORS and LINDAHL, 
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301 (By 23 B) on April 13 in 1975 

1975) but rather in stratification. Comparison of Fig. 5 and 7 indicates that the surface 
temperature at station 301 (BY 23 B) was almost 2° lower than at station 271 (BY

15 A). Nevertheless, the spring bloom was weil under way there. Fig. 8 also reveals 
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that the water temperature is of subordinate importance for the primary production. 

lnvestigations undertaken from on board the Swedish light ship "Hävringe" by 

MICHANEK (1970) show that the water temperature dropped from 1.1 °C to O °C
from 3rd February to 1st April, 1964. The primary production measured on 1st April 
was nevertheless very much higher. During our investigations in the Gdar'lsk Deep 
in the spring of 1974 we were able to observe a vigorous plankton bloom on 27th 

March. However, the water temperature had risen only by 2/100 °C (from 2.77 to 

2.79 °C) between the 17th of February and the 27th of March. Similar results have 
already been published in the past (KAISER and SCHULZ, 1973a, b; FRANCK, NEH
RING, SCHULZ and KAISER, 1973). 
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In this paper we have consciously avoided use of the term "critical depth" coined 
by GRAN and BRAARUD (1935) and subsequently frequently used (SVERDRUP, 
1952; CUSHING, 1962; BANSE, 1957; PARSONS and TAKAHASHI, 1973). Since the 
critical depth is several times the compensation depth (euphotic depth), the use 
of this term did not appear apt for explaining the causes for the differences in the 
times at which the mass development of phytoplankton begins in different regions 
of the Baltic. 

According to GRAN and BRAARUD (1935), SVERDRUP (1952), PARSONS and TAKA
HASHI (1973), the critical depth would be considerably greater than the depth of 
the mixing layer in shallow areas and it would also be deeper than the halocline in 
deeper sea areas (Bornholm Sea, Gotland Sea, Gdansk Deep). According to SVER
DRUP's model (1952) and CUSHING's results (1962), the plankton bloom should occur 
simultaneously in the Arkona Sea, the Bornholm Sea and the Gdansk Deep. 

Previous publications have shown that the commencement of the mass development 
in a specific region depends to a considerable extent on the meteorological con
ditions, particularly on the wind. Thus, calm weather promotes the rapid formation 
of thermoclines. Windy periods, in contrast, can delay the beginning or interrupt 
the course of such a development, and thus cause secondary or tertiary blooms. 
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