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Fig. 14. The seasonal fluctuations of the biomass of Fritillaria borealis, 1968—1972, in relation to

the surface temperature at the stations F 78, F 81 and S 24. Arrows indicate that no specimens were
found on that particular sampling occasion.
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Table 1.

The distribution of zooplankton in the northern (N), middle (M) and southern (s) part of
the Baltic proper according to the investigations in 1968—1972.

Sarsia tubulosa

Aurelia aurita

Cyanea capillata
Pleurobrachia pileus (larvae)
Keratella quadrata quadrata
K. qu. platei

K. cruciformis eichwaldi

K. cochlearis recurvispina
Synchaeta spp.

Pygospio elegans (larvae)
Harmothoe sarsi (larvae)
Bosmina coregoni maritima
Podon intermedins

P. leuckarti

Pleopsis polyphemoides
Evadne nordmanni
Calanus finmarchicus S.L.
Limnocalanus macrurus
Acartia bifilosa

Acartia longiremis
Eurytemora sp.
Centropages hamatus
Temora longicornis
Pseudocalanus m. elongatus
Oithona similis

Gastropoda (larvae)
Muytilus edulis

Macoma baltica

Cardium glaucum

C. hauniense

Mya arenaria

Oikopleura dioica
Fritillaria borealis

Sagitta elegans baltica
Sagitta setosa
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species A. longiremis. West of Gotland another brackish water species, Eurytemora
sp. was sometimes rather abundant. Other important species were A. aurita
Synchaeta spp., B. cor. maritima, E. nordmanni and F. borealis. In general
however, the populations were smaller compared with those in the southern area.
Pleopsis polyphemoides was important during a short period in July.

The northern area was dominated by the same copepods as was found in the
middle area, but in addition, Eurytemora sp. and A. bifilosa were very abundant. A.
longiremis was, however, of less importance. As far north as the Aland Sea (station
3") the population of C. hamatus was very small. The dominant copepods in the
northern Baltic proper were thus A. bifilosa, Eurytemora sp., C. hamatus, T.
longicornis and P. m. elongatus.

Synchaeta spp., B. cor. maritima and F. borealis were sometimes important
species in the northern area. Occasional specimens of brackish or freshwater
species like Keratella spp. and Limnocalanus macrurus could also appear.

Other species, regularly appearing in the whole Baltic proper, but of minor
importance were Harmothoe sarsi (larvae), Podon intermedius, P. leuckarti,
Mytilus edulis (larvae) and gastropod larvae.

The seasonal variation of biomass and total number of individuals

The mean biomass for two-monthly periods as well as the yearly means from a five
year period for different standard stations in the Baltic proper are given in fig. 15
and the corresponding values of the total number individuals per m? are given in
fig. 16.

The biomass differed in the various areas of the Baltic proper. In the southern
area the yearly means for biomass at stations S 24 and 8 A were twice as high as in
the northern area and in the Arkona Sea (S 12). The mean was 24 g m”2 (wwt) in
the Bornholm Sea (S 24), and in the eastern part of the southern Baltic proper (8
A) slightly lower. In the middle area the biomass was 17 g west of Gotland (S 41)
and 18.5 g east of Gotland (F 81). At the northern-most stations the corresponding
values were 13 g (F 78) and 12.5 g (F 72). In the Arkona Sea (S 12) the biomass
was only 13 g which is about 50 % of the value in the Bornholm Sea.

In general, the monthly means for biomass were low from the beginning of
the year until the end of April. Most of the values were less than 10 g m“2 In
January—February the range was from 1.6 g (F 72) to 11.3 g (S 24). The biomass
was also low in March—April. The differences between the areas were however,
smaller during this period. The range was only 3.3—7.1 g. For some stations, the
smallest biomass of the year was recorded in March or April. The biomass in-
creased considerably in May—June, especially in the southern and middle Baltic
proper (12.5—25.3). The total number of individuals increased even more during
the same period (fig. 16). The reason is that the number of copepod nauplii and
younger copepodite stages was very large, but they did not contribute very much to
the biomass. In the northern stations the biomass increased comparatively little
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Fig. 25. The mean biomass for two-monthly periods and the yearly mean from a five year period for the
seven standard stations (cf. fig. 2). The medusae and all other macrozooplankton were not included in
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Fig. 16. The mean number of individuals for two-monthly periods and the yearly mean from a five year
period for the seven standard stations (of. fig. 2).
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during this period. In general the biomass increased greatly in July—August; 2—3
times in the south and 3—6 times in the north. During this period the biomass
values varied from 58 g m”2 at station S 24 in the southern area to 30—38 g at the
most northern stations. The Arkona Sea also reached its maximum biomass at this
time although the mean value was not higher than 22.6 g. As is obvious from fig. 16
the total number of individuals increased only 0.5—1 times in the southern and
middle area (excluding S 12) during the same period. At the northern stations the
increase was 1.5—3 times. The moderate increase in the number of individuals
during the period in comparison with the high increase in biomass, can be ex-
plained by a decreased spawning activity among the copepods and a rapid growth
increment for copepodites. The high number of Bosmina coregoni maritima in
August contributed greatly to the maintaining of a high number of individuals in
the sea. Without Bosmina, the mean number of individuals would have dropped
drastically. The highest mean values were 2.8—3.4 million ind. per m2. The mean
value for all stations during July—August was 2.1 million ind. per m2

In September—October the mean biomass values were still rather high, although
the values for September—October decreased by 17—50 % in comparison with the
previous period. A similar decrease in the number of individuals was obvious at
most stations. The range was 0.7—2.2 million ind. per m2. Later in November—
December the biomass values varied from 8.7 to 15.6 g per m2 and the total
number of individuals varied from 0.4 to 1.1 million per m2 in the different areas.

The seasonal variation of important species and their contribution to
the biomass

The biomass did not drop on any occasion below 1 g m~2 (wwt) in any part of the
Baltic proper. Except at station F 72, the mean value was 3 g or more during the
least productive period of the year (fig. 15). The reason for this was that
Pseudocalanus minutus elongatus contributed on the average at least 2.5 g each
month of the year (table 3). Temora longicornis was also important but the biomass
of this species amounted to 2.5 g or more only for a restricted period of the year
(August—October in the north and April—February in the south) (cf. discussion
about production p. 53).

The largest proportion of the biomass thus consisted of P. m. elongatus in the
beginning of the year. Later, in February—March, T. longicornis made an important
contribution to the biomass in the southern and middle part of the Baltic proper. In
April, the two above-mentioned species and Fritillaria borealis accounted for the
largest proportion of the biomass. The same three species were also important in
May, in addition to Acartia spp., Synchaeta spp. and Evadne nordmanni. In
June—July, all the copepods except Eurytemora sp. (table 3) were important.
Other species of significance were Synchaeta spp., Podon leuckarti, Evadne nord-
manni and Fritillaria borealis. In July, Pleopsis polyphemoides could to some extent
be important in the northern and middle area. In August, most species in table 1
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were important. The copepod Eurytemora sp. then became an important fraction
of the biomass at the northern stations. This was also true for Bosmina coregoni
maritima which was very important, especially in the southern area. During Au-
gust, the annual maximum for larvae of gastropods and Mytilus edulis usually
occurred. In September, the plankton fauna was dominated by the copepods, the
cladocerans B. ¢. maritima, P. intermedins, E. nordmanni and the larvae of M.
edulis. In October, when the temperature had dropped to 10—12°C, the copepods
dominated the plankton fauna completely. As it is obvious from table 3, Acartia
spp. and P. m. elongatus were important in all areas until the end of the year. T.
longicornis was also abundant, except in the northern area, while the populations
of C. hamatus and Eurytemora sp. decreased after October—November (tables 2
and 3).
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Discussion

Environment and fauna

In many sea areas temperature is the master factor, affecting both the physiology
and the ecology of zooplankton. Temperature influences physiological factors such
as mortality, survival, metabolic rate, feeding rate, embryonic development and
ecological features such as community structure, diapause and energy flow. In
general this is true also for the Baltic proper. However, in a body of brackish water
the salinity may also be a very important factor. Brackish water of 6—8%c creates
critical conditions for many zooplankton species. The stenohaline species are
excluded due to their requirement for high salinity, and many euryhaline species
live in the lower range of their salinity tolerance (cf. Remane 1940). There are,
however, a few marine species which can tolerate a salinity as low as 2%c (Ackefors
1969 a). This means that the salinity in certain cases is the master factor, but that in
general it is the combined effect of temperature and salinity that regulates the
fauna (cf. Kinne 1963, 1964 a,b).

The low oxygen concentration in the deep basins and the periodical development
of hydrogen sulphide may have had a drastic effect upon the life in the Baltic Sea
and especially upon the benthic fauna (Shurin 1962). This implies that in particular
areas and levels of the water column the oxygen conditions are of decisive im-
portance for the community. The effects of temperature, salinity and oxygen or a
combination of two or three of these factors are decisive in an area like the Baltic,
where many species live in the lower range of their tolerance limits. This is to some
extent clear from the analyses of field samples, and might be more thoroughly
explained by laboratory experiments. The influence of biotic factors such as food
supply and competition may be difficult to distinguish from the influence of such
abiotic factors as e.g. salinity, without comprehensive laboratory experiments. The
lack of information concerning microzooplankton (<200,Mm) is embarrasing when
certain results have to be explained.

On the other hand, the growing knowledge of the phytoplankton flora, gained in
recent years, is of utmost importance for the understanding of the biocenosis of the
Baltic.

Temperature

Temperature affects most processes in the plankton community, directly or in-
directly. As is obvious from our results, the biomass of most species increased with
increasing temperature. The maximum was reached simultaneously with the high-
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est temperature in August, or slightly afterwards, in September. The mean values
for a two-months-period indicate that the maximum total biomass occurred in
July—August (fig. 15). Corresponding mean values for June—July and August—
September (not published) indicate that the latter period was the most productive
one. Following the yearly cycle, it is obvious that the biomass was in the range
1.5—11.5 g per m2 (wwt) during the first four months of the year, when the surface
temperature was less than 4°C. Most of the biomass consisted of two species, which
prefer cold water all the year around, viz. Pseudocalanus m. elongatus and Fritil-
laria borealis (cf. figs. 12 and 14). In May—June, when the temperature rose from
4 to 12°C, the mean values for the biomass were in the range 6—25 g per m2 (wwit).
In addition to the above-mentioned species, Synchaeta spp. and Evadne nordmanni
were also important. Beyond all comparison, P. m. elongatus was still the most
important species. On certain occasions, the biomass of this species alone exceeded
20 g m~2 (fig. 12). During the warm season, July—September, the cladoceran
Bosmina cor. maritima (fig. 6) and the copepods Acartia spp. (fig. 9), Eurytemora
sp. (fig. 10), Centropages hamatus (fig. 11) and Temora longicornis (fig. 13) were
very abundant and contributed greatly to the total biomass. P. m. elongatus
remained the most important species. In July—August the biomass amounted to
23—58 g per m2 and in September—October to 13—35 g per m2. At the end of the
year when the temperature was in the range 12—4°C, all copepods except
Eurytemora sp. and Centropages hamatus were important and the biomass was in
the range 9—12 g per m2,

With reference to the seasonal variations in biomass, the following conclusions
may be drawn regarding their optimum temperatures. The optimum temperature
in this case implies the greatest abundance in relation to the surface temperature.
This is, of course, only a rough estimate, since the depths reached by the surface net
hauls (25—0 m) as well as the deep net hauls were, in spring, summer and autumn,
at levels with much lower temperatures than the surface.

Some species appeared abundantly in a broad temperature range, the so called
eurytherm species. In the Baltic proper this is the case for Aurelia aurita, Synchaeta
spp., Evadne nordmanni, Podon leuckarti and Acartia bifilosa, which were most
frequent in a temperature range of 6 to 16°C. Pleopsis polyphemoides is a steno-
therm species which appears most abundantly in the temperature range of 15—
16°C. Many other species were also stenotherm, although they appeared
abundantly at slightly higher temperatures than 15—16°C, viz. Keratella spp.,
Bosmina cor. maritima, Podon intermedius, Eurytemora sp., Centropages hamatus
and Temora longicornis.

Some species preferred the cold water all the year around. They were never
found above the thermocline in summer, but in other seasons they also appeared in
surface waters. The most important species were Pseudocalanus m. elongatus and
Fritillaria borealis. Other cold stenotherm species were the larvae of Pleurobrachia
pileus, Limnocalanus macrurus, Mysis relicta and Mysis mixta. The last three
species, in addition to Halitholus cirratus are glacial relicts. The relicts may also
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occur in deep lakes in the Baltic area (Segerstrale 1956, 1962).

The optimum temperature may be different in various marine areas. In the
North Atlantic the optimum temperature for E. nordmanni was 13.5°C (Gieskes
1971 b); in the Gulf of Lion (Mediterranean Sea) 19°C (Thiriot & Vives 1969); in
the Gulf of Trieste (Mediterranean Sea) 13.7°C (Specchi et al. 1974) and in the
Inland Sea of Japan 15°C (Onbé 1974). According to our results, the species was
most frequent in May—June in a temperature range of 8—12°C, but it was also
important at higher temperatures. This indicates that the optimum temperatures
are quite different in various areas due to the influence of both abiotic and biotic
factors. On the other hand, a detailed ecological investigation of the vertical
distribution may give more precise information about where in the water column,
and thus in what temperature the maximum density of specimens occurs. P.
polyphemoides was most abundant, when the surface temperature was 12—17°C
in a coastal area of the Baltic proper (Ackefors 1969 a). The greatest accumulation
was, however, in the thermocline where the temperature was about 7—8°C (Acke-
fors 1969 b). Later laboratory experiments showed that the preferred temperature
was about 8°C (Ackefors & Rosén 1970).

The seasonal variation in surface temperature greatly influences the vertical
distribution as well as the diel migration. Cold stenotherm species such as P. m.
elongatus and F. borealis did not occur above the thermocline in summer.
Euryhaline marine species such as T. longicornis and C. hamatus appeared below
the thermocline during the daytime, but at dusk they migrated upwards through the
thermocline and appeared as far up as the warm surface water during the night
(Ackefors unpubl.). There were differences in the vertical distribution of the
copepods during winter and summer, indicating that they were more homogene-
ously distributed in the water column during the cold season. In spring, summer
and autum the older copepodite stages generally appeared at deeper levels in
comparison with younger copepodite stages and nauplii. The present results seem
to indicate that there is no diel migration in winter. The migration seems to start
simultaneously with the forming of a thermocline in May—June.

The reproduction of some zooplankton species is greatly affected by the seasonal
variation in temperature. Rotifers, cladocerans and some copepods overwinter
mainly as winter “resting” eggs. While the presence of dormant eggs among
rotifers and cladocerans has long been quite well-known, it was only recently
described in a marine copepod in laboratory and field studies (Zillioux & Gonzales
1972).

The rotifers, such as Synchaeta spp. develop three types of eggs during their
reproduction cycle; thin shelled amictic and mictic eggs, and mictic thick shelled
eggs. The latter type probably accumulate on the bottom in connection with the
low maximum abundance during the autumn. Although single individuals were
found during the whole winter in the southern Baltic proper, the very rapid growth
of the population in May—June must be caused at first by the hatching of resting
eggs. This is correlated with the temperature interval of 8—12°C.
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The cladocerans also overwinter using resting eggs. Purasjoki (1958) found that
the first individuals of B. cor. maritima may hatch in spring, when the temperature
is still below 1°C. We found single specimens in April, but the population did not
increase very rapidly until the end of August. The rapid growth of the population in
the open sea at temperatures higher than 15°C was probably caused mainly by
parthenogenetic propagation. The population can grow very fast as the turnover
rate is only five days at this water temperature (Zawislak 1972).

P. intermedius, P. leuckarti and P. polyphemoides overwinter with resting eggs.
With increasing temperature during the summer these cladocerans replaced each
other in the fauna. The population maximum appeared at the following surface
temperatures: P. leuckarti (6.5—16°C), P. polyphemoides (15—16°C), P. in-
termedins (16—17°C).

E. nordmanni was the only cladoceran which was found in every month of the
year. From the end of May until November it was of great importance, i.e. in the
temperature range of 8—20°C.

Fish & Johnson (1937) found evidence that the first spring nauplii of some
neritic copepods developed from winter eggs. Subsequently, many authors sug-
gested that winter egg dormancy might explain the winter survival of some neritic
marine copepods. Zillioux & Gonzales (1972) proved the existence of winter egg
dormancy for Acartia tonsa in field and laboratory studies. Later, other authors
described the same phenomenon for other marine calanoid copepods, e.g. Kasa-
haraetal. (1974), Grice & Lawson (1976). It is likely that at least one copepod, A.
bifilosa, owerwinters with resting eggs in the Baltic. In the northern Baltic proper,
where A. bifilosa is much more abundant than A. longiremis, very few adults
appeared in winter. The sudden increase in numbers of nauplii in February—
March, with densities of 105—2106 nauplii per m2 was probably caused by the
hatching of winter eggs of A. bifilosa.

In the Baltic proper we found a successive maximum abundance of nauplii of the
various copepod species to be correlated with increasing temperature during
spring: Acartia spp. in March—April (0—4°C), P. m. elongatus in April—May
(4—8°C), T. longicornis in May—June (6—10°C), C. hamatus in May—June
(8—10°C) and Eurytemora sp. in June (8—10°C).

Salinity

The low and stable salinity in the Baltic proper models a specific habitat with a
mixture of marine, brackish water and freshwater organisms. The marine species
live in a hypo-osmotic milieu in the lower range of their tolerance limits, and the
freshwater species in a hyper-osmotic milieu in the upper range of their tolerance
limits. The salinity range of 6—8 %c is critical for both groups of organisms (cf.
Remane 1940). This means that the number of marine and freshwater species are
very much reduced in the Baltic proper. As there are very few brackish water
species, the total number of zooplankton species is limited. Only three endemic
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brackish water species appear in the Baltic, viz. Bosmina coregoni maritima,
Keratella quadrata platei and K. cochlearis recurvispina, which is explained by the
fact that the Baltic is a young sea seen from the geological point of wiew (Seger-
strale 1957 and 1962). The low salinity affects the physiological processes of the
euryhaline marine organisms which have established populations in the Baltic.
Those organisms are either osmo-regulators (homeoosmotic species) or osmo-
conformers (poikilosmotic species) (cf. Kinne 1964 a, b). At a certain salinity level
the amount of energy used for maintaining an acceptable internal ion concentration
is so great, that they are outnumbered by organisms better adapted to these salinity
conditions.

The salinity tolerance limits for different species greatly influence their horizon-
tal and vertical distribution. In the deep basins of the southern Baltic, the occa-
sional appearance of marine species is to be expected in connection with salt water
inflows from the Belt Sea (cf. Mankowski 1951 a, b, 1962). In our investigations
we have found single specimens of Sarsia tubulosa, Cyatiea capillata and Calanus
finmarchicus S.L, There are also marine species which are present permanently and
propagate in the deep basins of the southern Baltic proper where the salinity exceeds
14—15%o0, e.g, Oithona similis and Sagitta elegans baltica. Both species constituted
very important populations in the Bornholm Deep during the years 1968—1972.
Single specimens of the former species also appeared occasionally in the bottom
water of the northern Baltic proper, while the latter appeared as far to the north as
the Gotland Deep. A third group of organisms with an even broader range of
salinity tolerance consisted of three species; the larvae of Pleurobrachia pileus,
Pseudocalanus m. elongatus and Fritillaria borealis. They appeared in the whole
Baltic proper in salinities as low as 6 %«, but only in water with a temperature lower
than 10°C. The explanation is probably that regulation of the body fluid in
euryhaline marine organisms is often faciliated when the organisms live in cold
water (Pantin in Schlieper 1958). A fourth group of organisms consists of those
euryhaline marine organisms which live and propagate in waters with salinities as
low as 6 %«, while also appearing in warm water. The cnidarian Aurelia aurita, the
copepods Temora longicornis, Centropages hamatus and the cladoccran Podon
leuckarti are the most important species belonging to this group. A fifth group of
marine species appeared in salinities as low as 2%«, the so called holeurysaline
species (cf. Ackefors 1969 a). They are represented by the cladoeerans Evadne
nordmanni, Pleopsis polyphemoides and Podon intermedins.

The brackish water species Bosmina coregoni maritima appeared abundantly in
the Baltic proper. In laboratory experiments the species tolerated the salinity range
2.5—7.5%c very well. The survival in 10 and 12,5%« was poor while 15%« was
lethal (Ackefors 1971 a). The presence of B. cor. maritima in extremely low
salinities and nearly freshwater conditions is reported by Halme (1958), and in
salinities slightly higher than 10%« by Waldmann (1959), Eurytemora sp. appeared
in small numbers in the southern Baltic proper in salinities of about 7-8%«, while
the population in 6—7 %« salinity in the northern Baltic was very large. Analyses of
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a large number of samples from the Baltic proper and the Aland Sea indicate that
the species was probably outnumbered by other copepods due to competition in the
central and southern Baltic proper. This means that the salinity per se does not
seem to limit an abundance in the southern Baltic proper. The other brackish water
species as Keratella spp. and Limnocalanus macrurus appeared only occasionally in
the northern Baltic proper, indicating a narrower salinity tolerance with the upper
range around 6 %c.

The occasional appearance of Cyclops sp. indicates that single specimens of
freshwater species may appear in salinities up to 6—7%c. The incidence of spawning
is restricted to salinities less than 6%o (cf. Lindquist 1959).

Generalizing about the above-mentioned species in relation to salinity tolerance
it is quite obvious that the plankton community in the Baltic proper consists of five
groups of marine organisms and two groups of brackish water and freshwater
organisms. The low salinity in the Baltic proper restricts the number of species in
comparison with other areas west of Sweden (Zenkevitch 1963). On the other
hand, the number of specimens of the various species is generally higher than in
other areas. The capacity of each species to adapt itself to the brackish water
conditions is decisive for the size of the population. The number of specimens of
each species is thus determined by genetical selection or non-genetical adaptation
evolved during the historical development of the Baltic proper.

The small salinity increase (0.5—1 %c) in the Baltic proper since the middle of
the thirties has had great biological consequences. This has been stated by many
authors (cf. Ackefors 1969 a). The brackish water species Acartia bifilosa and
Eurytemora sp. are nowadays less important in the middle Baltic proper west of
Gotland, and the euryhaline marine copepods Temora longicornis and
Pseudocalanus m. elongatus are more important than in the 1920’s (cf. Hessle &
Vallin 1934, Ackefors 1969 a). In the Bothnian Sea, Lindquist (1959) found that T.
longicornis was rather common, which was not the case earlier.

Oxygen

The appearance of Pseudocalanus m. elongatus below the halocline (50—70 m
depth) in oxygen concentrations of less than 2 ml O2/1 was conspicuous. An
accumulation of plankton at levels with low oxygen concentrations has also been
reported from other marine areas (Longhurst 1967). However, the conditions in
brackish water with low oxygen concentrations are even more adverse than in
marine waters. The oxygen consumption of euryhaline marine organisms increases
with decreasing salinities due to the increasing metabolic rate. This might explain
the low number of organisms of species other than P. m. elongatus below the
halocline. Large numbers of Harmothoe sarsi larvae were malformed in areas with
poor oxygen conditions. This seems to be a regular phenomenon in the Baltic
proper (cf. Ackefors 1969 a, 1971 b). The alternating periods of adequate and
deficient oxygen conditions with the development of hydrogen sulphide in the
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bottom water of the deep basins during the period 1968—1972 (figs. 4 a, b) have
certainly influenced the bottom fauna (cf. Shurin 1962), as well as the nutrient
content of the water (cf. Fonselius 1967). From the present results it is, however,
impossible to draw any conclusions about changes, e.g. in the production of larvae
of the bottom invertebrates. Nor is it possible to see any evidence of increasing
productivity after the salt water inflows in 1968 and in 1972. After such inflows,
the nutrientrich bottom water is forced out of the basins and the surface layers are
supplied with nutrient salts, which increases the productivity of the water.

The dynamics of the plankton flora and fauna

The zooplankton community consists of herbivorous, omnivorous and carnivorous
species. There are comparatively few species adapted to the low salinity brackish
water conditions, due to physiological reasons mentioned above. Seen from a
geological point of view, the Baltic is a young sea, and the immigration of faunal
and floral components is closely connected with the events following the last glacial
period. The alternation between epochs of salt and freshwater has resulted in a
mixture of freshwater, brackish water and marine species (Segerstrale 1957,1965).
The selection of species that has evolved therefore forms a unique biocoenosis in
the Baltic area.

During winter, the primary production has a value of about 30 mgC per m2 and
day and the phytoplankton biomass is in the order of 0.1 g per m2 (wwt). The flora
is dominated by the diatoms (Ackefors & Lindahl 1975 a, b). The zooplankton
community consists mainly of Pseudocalanus m. elongatus, Temora longicornis and
Fritillaria borealis. Most of the zooplankton biomass, which is in the order of 2—10
g per m2, consists of P. m. elongatus. It is likely that there is very little energy flow
within the plankton community at this time of the year. Individuals of P. m.
elongatus, which overwinter mainly as C. IV—V, utilize their storage of fat during
this season.

From the end of February onwards, primary production increases, and a large
phytoplankton biomass accumulates during March—May, which is, to a small
extent, utilized by the zooplankton community. The primary production reaches
maximum levels of 1,000 mgC per m2 and day and the phytoplankton biomass
exceeds 10 g per m2, especially in the northern area. From March until June the
nauplii and adults of the various copepod species dominate the fauna. The nauplii
attain their maximum abundance during this period. The proliferation of Acartia
nauplii starts at the end of February and successive hatching of overwintering eggs
and spawning occurs until June for the various species. The nauplii probably
consume to some extent small phytoplankton such as the monads, which are very
abundant. However, the bulk of the phytoplankton is not utilized by the zoo-
plankton or the pelagic fish larvae. This is evident from looking at the accumulated
biomass of diatoms in particular. The result is a continous flow of phytoplankton
towards the bottom, supporting the bottom fauna. The main diet of the bottom
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invertebrates during spring is therefore likely to be phytoplankton. This energy
flow will induce the spawning of some invertebrates. For example, the main
spawning period for Harmothoe sarsi in the Kiel Bight and at Tvarminne coincides
with the spring phytoplankton maximum (Sarvala 1971).

In early summer the primary production drops to 200—500 mgC per m2 day and
the phytoplankton biomass, which consists mainly of diatoms and monads, is small,
or 1—2 g per m2. The zooplankton biomass is mostly in the order of 5—25 g per m2
with low values in the north and high values in the south. The bulk of the biomass
consists of herbivorous, omnivorous and carnivorous copepods. The percentage of
carnivorous organisms increases during this period of the year. The rotifers
Synchaeta spp. and the cladocerans Evadne nordmanni, Podon leuckarti and
Pleopsis polyphemoides attain their maximum abundance. Synchaeta spp. and E.
nordmanni attain biomasses of up to 2 g per m2. The importance of some species of
the genus Synchaeta is probably very great, as the turnover rate is rapid and
consequently the production very high. The growth of the Synchaeta populations
seems to be dependent on the production of ciliates, which in their turn are
dependent on pelagic bacteria (Hagstrom, Hernroth, Larsson pers. comm.). From
this time onwards the top carnivore Aurelia aurita is very abundant. Due to an
unsatisfactory sampling technique for this medusa we have not included this species
in our biomass calculations. It is quite evident, however, that there is a great energy
flow directed towards A. aurita during the whole summer and autumn, which has to
be taken into consideration when estimating the total energy budget for the pelagic
ecosystem of the Baltic proper.

In late summer and in the beginning of autumn primary production increases to
500-700 mgC per m2 and day. Grazing by the zooplankton is extensive and
consequently, the phytoplankton biomass is small. The zooplankton biomass
reaches levels of 60 g per m2, which may to a great extent consist of the herbivorous
cladoceran Bosmina coregoni maritima. Even if this cladoceran constituted only
about 30 % of the biomass, it accounted for 60 % of the production during a few
weeks in August—September. The primary production during the third quarter was
calculated to be 40—60% of the yearly production by Ackefors & Lindahl (1975 a,
b). As the phytoplankton biomass values are low, is is quite obvious that the effect of
grazing by Bosmina as well as the herbivorous copepods is very great. The phyto-
plankton flora is dominated by the blue-green algae, the diatoms and the monads,
the first group of phytoplankton not being utilized by the zooplankton. The energy
flow from the pelagic ecosystem towards the bottom at this time of the year will
therefore mainly be accounted for by blue-green algae and dead or ageing zoo-
plankton.

During summer the diversity of the zooplankton community is at its greatest.
The larvae of bivalves, gastropods and polychetes appear in the water, but they do
not play an important role. There are rather few bottom invertebrates in the Baltic
and the abundance of pelagic larvae is very low. Therefore B. cor. maritima and the
copepods are the most important components of the plankton community during
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summer (cf. tables 2 and 3).

During autumn the importance of all the species, including the copepods, de-
creases. The populations of the warm stenotherm copepods C. hamatus and
Eurytemora sp. decrease rapidly after September—October. P. m. elongatus, T.
longicornis and Acartia spp. are still important in October—November. The prim-
ary production values decreases to less than 200—300 mgC per m2. The relative
importance of diatoms and monads increases. Due to a reduced grazing activity the
phytoplankton biomass tends to increase, and the zooplankton biomass is in the
order of 10—15 g per m2. The overwintering zooplankton fauna consists mainly of
P. m elongatus, and to a lesser extent of T. longicornis and F. borealis.

The production of food and its utilization by the pelagic fishes

The commercial fish catches consist mainly of three species in the Baltic proper,
viz. herring, sprat and cod. The yearly catches of the pelagic fishes, herring and
sprat, amount to about 500,000 tons. The catches of cod amount to about 200,000
tons. This implies that about 70 % of the catches consist of pelagic fishes. Those
fishes are to a large extent dependent on the production of zooplankton.

Most of the herring catch consists of spring spawners (Anon. 1976). They spawn
in May—June, which is also the spawning time for sprat and cod in the southern
Baltic proper. Further to the north, the spawning of sprat takes place in June—
July. According to Ojaveer & Simm (1975) the survival of herring larvae after they
begin exogenous feeding is largely dependant on the availability of copepod nauplii
and C. I—IIl. This is a period of maximum abundance for the relevant stages of
Centropages hamatus and Temora longicornis in off-shore conditions, while
Eurytemora sp. may be very important in coastal areas (cf. Hernroth in print). The
spawning time of spring-spawning herring in the Gulf of Riga was regulated by
temperature conditions and so was the production of Eurytemora hirundoides
(Ojaveer & Simm 1975). Due to this fact, the peak production of E. hirundoides
usually coincides with the maximum spawning activity of herring. If the intensity of
zooplankton production is low the survival of the herring larvae is impaired. Aneer
(1975) investigated the stomach contents of spring-spawning adult herring in the
Askd area. He found that planktonic crustaceans were of considerable importance
as a food item in April—June in 1971 and that they dominated the diet from
January until August in 1972. The lower fat content of the herring in a certain
period in 1970/71 was probably due to the absence or scarcity of zooplankton in
the stomachs of the herring.

Popiel (1951) investigated the feeding habits and diet of herring in the Gulf of
Gdansk. He found that younger herring feed to a large extent on copepods. The
percentage of copepods consumed decreases as the herring become older. In the
smallest size class (10—14 cm) the copepods made up 85 % of the diet while in the
largest size class (> 25 cm) the corresponding value was 14%. In off-shore
conditions Pseudocalanus m. elongatus constituted most of the stomach contents,
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and in coastal areas T. longicornis was the main food-item. In accordance with
Aneer (1975) he also found that the copepods dominated at certain times of the
year. In his area they were the major component of the diet in May—June, but they
also made a certain contribution in the intensive feeding period from July to
December. At that time of the year, fish larvae and Mysidacea were more im-
portant than copepods. The greatest food supply for planktonic feeding fishes off
the coast is available in late summer or early autumn according to our results. This
can be correlated with the yearly fluctuation of the fat content in sprat. The highest
fat content in the adult sprats from the Bay of Gdansk was found in late autumn
October—November (Elwertowski & Maciejczyk 1964).

In the Pomeranian Bay, Wiktor (1967) investigated the feeding habits of larvae
and fry of autumn-spawning herring. She found that in the stomachs of larvae of 35
mm or less, Neomysis and microzooplankton dominated. (Microzooplankton in
this case includes copepods and cladocerans.) In winter the main food item was
copepods, and in summer cladocerans. She also found that rotifers and veliger
larvae were important food items in May—June.

According to our analyses of the zooplankton production in various parts of the
Baltic, the values may amount to about 20 gC per m2 and year in the southern
Baltic proper and 10 gC m*“2 year*! in the northern Baltic proper. In those years in
which favourable conditions occur, nearly half of the production in the southern
Baltic consists of Bosmina coregoni maritima. If this is not the case, the total zoo-
plankton production will be much less. The high production of B. cor. maritima is
always restricted to a short period of about six weeks in August—September, when
the temperature is above 15°C.

The primary production is estimated to be about 120 gC m*“? year“! in the
southern Baltic proper, and about 90—110 gC m“? year“! in the middle Baltic
proper (Ackefors & Lindahl 1975 a, b). The highest production occurs in the third
quarter of the year.

According to our present knowledge we can now roughly state that the primary
phytoplankton production is at least 100 gC m*“2 year*l, the secondary zooplank-
ton production is in the order of 10—20 gC m*“2 year _1 and the fish production is in
the order of 1 gCm*“2 year®! in the Baltic proper. A lot of detailed investigations
are necessary before we can elucidate the energy flow within the pelagic ecosystem.
Biochemical investigations of important species with respect to respiration,
metabolic rate, excretory nitrogen etc. and more detailed investigations into the
food web, starting with bacteria and microzooplankton seem to be the most
important tasks in the future if a more comprehensive knowledge of the Baltic
ecosystem is to be attained.

56



References

Ackefors, H., 1969 a: Ecological zooplankton investigations in the Baltic proper 1963—1965.—Inst.
Mar. Res., Lysekil, Ser. Biol. Rep. No. 18:1—139.

— 1969 b: Seasonal and vertical distribution of the zooplankton in the Askd area (Northern Baltic
proper) in relation to hydrographical conditions.—Qikos 20:480—492.

— 1971 a: Podon polyphemoides Leuckart and Bosmina coregoni maritima (P.E. mdiller) in relation to
temperature and salinity in field studies and laboratory experiments.—J. exp. mar. Biol. Ecol., Vol.
7:51—70.

— 1971 b: Studies on the ecology of the zooplankton fauna in the Baltic proper.—Thesis, Stockholm
1971, 15 pp.

— 1972: The amount of zooplankton expressed as numbers, wet weight and carbon content in the
Asko area (The Northern Baltic proper).—Medd. Havsfiskelab., Lysekil, nr 129 (mimeo.).

Ackefors, H. & Hernroth, L., 1970 a: Seasonal and vertical distribution of zooplankton off the coast
in the Baltic proper in 1968.—Medd. Havsfiskelab., Lysekil, nr 76 (mimeo.).

— 1970 b: Ecological zooplankton studies in the Baltic proper in connection with oceanographic
studies in 1969 during the Baltic Year.—Medd. Havsfiskelab., Lysekil, nr 89 (mimeo).

— 1971: Seasonal and vertical distribution of zooplankton off the coast in the Baltic proper in
1970.—Medd. Havsfiskelab., Lysekil, nr 113 (mimeo.).

— 1973: Changes in productivity and distribution of zooplankton off the coast in the Baltic proper in
1971.—Medd. Havsfiskelab., Lysekil, nr 140 (mimeo.).

— 1975: The distribution and biomass of zooplankton in the Baltic proper in 1972.—Medd. Havsfis-
kelab., Lysekil, nr 184 (mimeo.).

Ackefors, H. & Lindahi, O., 1975 a: Investigations on primary production in the Baltic in 1973.
Appendix: Qualitative Analysis of Phytoplankton by Lars Edler.—Medd. Havsfiskelab., Lysekil, nr
179 (mimeo.).

— 1975 b: Investigations on primary phytoplankton production in the Baltic in 1974.—Medd. Havsfis-
kelab., Lysekil, nr 195 (mimeo.).

Ackefors, H. & Rosén, C.-G., 1970: Temperature preference experiments with Podon polyphemoides
Leuckart in a new type of alternative chamber.—J. exp. mar. Biol. Ecol., Vol. 4; 221-228.

Aneer, G., 1975: Composition of food of the Baltic herring (Clupea harengus v. membras L.), fourhorn
sculpin (Myoxocephalus quadricornis L.) and eel-pout (Zoarches viviparus L.) from deep soft
bottom trawling in the Askd—Landsort area during two consecutive years.—Havsforskningsinst.
Skr. No. 239: 146—154.

Anon., 1969 a: Hydrographical Data, January—June 1968. R.V. Skagerak, R.V. Thetis.—Medd.
Havsfiskelab., nr 63 (mimeo.).

— 1969 b: Hydrographical Data, July—December 1968. R.V. Skagerak, R.V. Thetis.—Medd. Havs-
fiskelab., nr 70 (mimeo.).

— 1970 a: Hydrographical Data, January—June 1969. R.V. Skagerak, R.V. Thetis.—Medd. Havsfis-
kelab., nr 80 (mimeo.).

— 1970 b: Hydrographical Data, July—December 1969. R.V. Skagerak, R.V. Thetis.—Medd. Havs-
fiskelab., nr 93 (mimeo.).

— 1971 a: Hydrographical Data, January—June 1970. R.V. Skagerak, R.V. Thetis and TV 252.—
Medd. Havsfiskelab., nr 104 (mimeo.).

57



— 1971 b: Hydrographical Data, July—December 1970. R.V. Skagerak, R.V. Thetis and TV 252.—
Medd. Havsfiskelab., nr 112 (mimeo.).

— 1972 a: Hydrographical Data, January—June 1971. R.V. Skagerak, R.V. Thetis and TV 252.—
Medd. Havsfiskelab., nr 116 (mimeo.).

— 1972 b: Hydrographical Data, July—December 1971. R.V. Skagerak, R.V. Thetis.—Medd. Havs-
fiskelab., nr 132 (mimeo.).

— 1974 a: Hydrographical Data, January—June 1972. R.V. Skagerak, R.V. Thetis.—Medd. Havsfis-
kelab., nr 160 (mimeo.).

— 1974 b: Hydrographical Data, July—December 1972. R.V. Skagerak, R.V. Thetis.—Medd. Havs-
fiskelab., nr 168 (mimeo.).

— 1975 a, b, c: International Baltic Year 1969—1970.—ICES, Oceanographic data lists and invento-
ries Nos. 21—23, Cons. perm. I'Explor. Mer.

— 1976: Report of the Working Group on Surveys of Fish Eggs and Larvae in the Baltic.—ICES, C.M.
1976/P:10, Baltic Fish Committee.

BerzinS, B., 1960: ROTATORIA |I—VI.—Fiches d’identification du Zooplankton sheet 84—89
(ICES).

Dybern, B.l., Ackefors, H. & Elmgren, R., ed. 1976: Recommendations on methods for marine
biological studies in the Baltic Sea.—The Baltic Marine Biologists Publ. No.l, 98 pp.

Elwertowski, J. & Maciejczyk, J., 1964: (Application of mathematical analysis to the study of the
influence of physiological and ecological factors on the change of fat contents in the adult sprats of
the Bay of Gdansk).— Prace MIR w Gdyni 13 (B):7—18.

Fish, C.J. & Johnson, M.W., 1937: The biology of the zooplankton population in the Bay of Fundy and
Gulf of Maine with special reference to production and distribution.—J. biol. Bd. Can. 3: 189—322.

Fonselius, S., 1962: Hydrography of the Baltic Deep Basins.—Fishery Board of Sweden, Ser.
Hydrogr., Rep. No. 13:1—41.

— 1967: Hydrography of the Baltic Deep Basins Il.—Fishery Board of Sweden, Ser. Hydrogr., Rep.
No. 20:1—31.

— 1970: On the stagnation and recent turnover of the water in the Baltic.—Tellus XXII (5):533—544.

Gieskes, W.W.C., 1971 a: Removal of “Podon" polyphemoides from the genus Podon.—Hydrobiol.
38(1):61—66.

— 1971 b: Ecology of the cladocera of the north Atlantic and the North Sea.—Netherlands J. Sea Res.
5(3):342—376.

Grice, G.D. & Lawson, T.J., 1976: Resting eggs in the marine calanoid copepod Labidocera aestiva
Wheeler.—Crustaceana 30(1):9—12.

Halme, E., 1958: Planktologische Untersuchungen in der Pojo—Bucht und Angrenzenden Gewassern.
IV. Zooplankton.—Ann. Zool. Soc. ‘Vanamo’, Tom. 19, No. 3.

Hernroth, L. 1978: En jamférande studie av Nansenhaven och WP2-hdven med avseende pé kvalita-
tiva och kvantitativa fangstegenskaper.—Thesis, university of Stockholm (mimeo., in Swedish with
English summary).

Hernroth, L., (in print): Studies on the population dynamics of Eurytemora sp. in the Bothnian
Sea.—Baltic Marine Biologists, Symposium in Gdynia, 13—18 Oct., 1975.

Hessle, Chr. & Vallin, S., 1934: Undersékningar éver plankton och dess véxlingar i Ostersjén under
aren 1925—27.—Sv. Hydrobiol. Komm. Skrifter, Ny Ser. Biol. 1:1—132.

Hillebrandt, M., 1972: Untersuchungen Uber die qualitative und quantitative Zusammensetzung des
Zooplanktons in der Kieler Bucht wahrend der Jahre 1966—1968.—Dissertation, Kiel.

Kasahara, S., Uye, S. & Onbé, T., 1974: Calanoid Copepod Eggs in Sea—Bottom Muds.—Mar. Biol.,
26(2):167—171.

Kinne, O., 1963: The effects of temperature and salinity on marine and brackish water animals. 1.
Temperature.—Ocenanogr. Mar. Biol. Ann. Rev., 1:301—340.

— 1964 a: Physiologische und 6kologische Aspekte des Lebens in Astuarien.—Helgol. Wiss.,
Meeresunters. 11(3—4): 131—156.

58



— 1964 b: Non-genetic adaptation to temperature and salinity.—Helgol. Wiss. Meeresunters. 9(1—
4):433—458.

Kott,P., 1953: Modified whirling apparatus for the subsampling of plankton.—Austr. J. Mar. Freshw.
Res., 4:387—393.

Lindquist, A., 1959; Studien Uber das Zooplankton der Bottensee. 1l. Zur Verbreitung und Zusam-
mensetzung des Zooplanktons.—Inst. Mar. Res., Lysekil, Ser. Biol. Rep., No. 11:1—136.

Longhurst, A.R., 1967: Vertical distribution of zooplankton to the eastern Pacific oxygen minimum-
-Deep-Sea Res., 14:51—63.

Mankowski, W., 1951 a: (Macroplankton of the Southern Baltic in 1949.)—Prace MIR w Gdyni
6:83—94. (In Polish, English summary.)

— 1951 b: (Biological changes in the Baltic during the last fifty years.)—Prace MIR w Gdyni
6:95—118. (In Polish, English summary.)

— 1962: Biological macroplankton indicators of the inflow of salt water from the North Sea into the
Baltic Sea.—Przeglad Zool., 6(1): 38—42.

Nehring, D., Francke, E. & Bkosin, H.-J., 1971: Beobachtungen (ber die ozeanologischen Ver-
anderungen im Gotland tief wahrend der Wasserumschichtung im October 1969.—Beitrage zur
Meereskunde 28:75—82.

Ojaveer, E. & Simm, M., 1975: Effect of zooplankton abundance and temperature on time and place of
reproduction of Baltic herring groups.—Havsforskningsinst. Skr., No. 239: 139—145.

Onbé, T., 1974: Studies on the Ecology of Marine Cladocerans.—J. Fac. Fish. Anim. Husb., Hiroshima
Univ., 13:83—179.

Pejler, B., 1965: Regional-ecological studies of Swedish fresh-water zooplankton.—Zool. Bidr., Upp-
sala, 36(4): 407—515.

Petipa, T.S., Pavlova, E.V. & Mironov, G.N., 1970: The food web structure, utilization and
transport of energy by trophic levels in the planktonic communities.—Pp. 142—167 in: ed. Steele,
J.H., Marine Food Chains, 552 pp., Oliver & Boyd, Edinburgh.

Popiel, J., 1951: Feeding and food of the Herring (Clupea harengus L.) in the Gulf of Gdansk and in
the adjoining waters.—Prace Morski. Inst. Rybacki, Gdyni, No.6.

Purasjoki, K.J., 1958: Zur Biologie der Brackwasserkladozere Bosmina coregoni maritima (P.E.
Miiller).—Anm. Zool. Soc. "Vanamo’, Tom. 19(2).

Remane, A., 1940: Einfiihrung in die zoologische Okologie der Nord- und Ostsee.—Tierw. N.—und
Ostsee, la: 1—238.

Sarvala, 1971: Ecology of Harmothoe sarsi (Malmgren) (Polychaeta, Polynoidae) in the northern
Baltic area.—Ann. Zool. Fennici, 8:231—309.

Schlieper, C., 1958: Physiologie des Brackwassers.—In: Die Binnengewasser, ed. A. Thienemann,
22:219—348.

Schnack, S., 1975: Untersuchungen zur nahrungsbiologie der Copepoden (Crustacea) in der Kieler
Bucht.—Dissertation, Kiel.

Segerstréale, S.G., 1957: Baltic Sea.—In: Treatise on Marine Ecology and Palaeoecology, Vol. 1,
Geol. Soc. America, Memoir 67:751—800.

— S.G., 1962: The immigration and prehistory of the glacial relicts of Eurasia and North America. A
survey and discussion of modern views.—Int. Revue ges. Hydrobiol., 47(1):1-25.

— 1965: On the salinity conditions off the south coast of Finland since 1950, with comments on some
remarkable hydrographical and biological phenomena in the Baltic area during this period.—Com-
ment. Biol., 28 (7): 1—28.

Shurin, A.T., 1962: Features of the benthos in the northern and eastern Baltic in the summer of 1961
and 1962.—Ann. Biol., 19:73—74.

Specchi, M., Dollinar, L. & Fonda-Umani, S., 1974: | Cladoceri del Genere Evadne nel Golfo di
Trieste.—Boll. Pesca Piscic. Idrobioh, 1974, 29 (2): 107—122.

Thiriot, A. & Vives, F., 1969: Evadne nordmanni Lovén en Méditerranée occidentale.—Vie et Milieu,
Serie B: Océanographie, Tome XX, Fase. 1—B, 145—158.

59



Unesco, 1968: Zooplankton sampling.—Monographs on oceanographic methodology, 174 pp. Ed. D.J.
Tranter.

Waldmann, J., 1959: Quantitative Planktonuntersuchungen in der mittleren Ostsee 1954/55.—
Zeitschrift fur Fischerei und deren Hilfswissenchaften, Band VIII N.F., Heft 4—6.

Wiktor, K., 1967: Feeding of larvae and fry of herring (Clupea harengus L.) in the Pomeranian
Bay.—Prace Morski Inst. Rybacki, Tom 14, Séria A.

Zawislak, W., 1972: Production of Crustacean zooplankton in Moty Bay, Lake Jeziorak, I1.—Pol.
Arch. Hydrobiol., 19(2/): 193—202.

Zenkevitch, L., 1963: Biology of the Seas of the U.S.S.R.—Georg Allen & Unwin Ltd., 955 pp.
(Transi, by S. Botcharskaya.)

Zillioljx, E.J. & Gonzales, J.G., 1972: Egg dormancy in a neritic calanoid copepod and its impli-
cations to overwintering in boreal waters.—Fifth European Mar. Biol. Symp., No. 19: 217—230.


















Report, Fish. Bd. Sweden, Inst. Mar. Res.

No. 1. ARTUR SVANSSON: Physical and Chemical
Oceanography of the Skagerrak and Kattegat. .
Open Sea Conditions. 1975.

Address:

The Editor

Fishery Board of Sweden
Institute of Marine Research
S-453 00 LYSEKIL
SWEDEN

LF/ALLF 198 78 001 ISSN 0346-8666



