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species, biomass and production, but according to previous
experience (Ackefors & Hernroth 1975), winter is the least
important ot the seasons. A significant improvement in the
sampling frequency, did, however, occur in 1976. This will
hopefully help us in our efforts to describe the annual zoo-

plankton cycle at the three stations.

Before the results are presented, it is necessary to point
out some fundamental differences between phytoplankton and
zooplankton investigations. In contrast to the phytoplankton
which is mainly concentrated in the photic layer, the stand-
ing crop of zooplankton is usually found in the whole vertical
column. The specimens are not randomly distributed; they are
often stratified due to a specific tolerance level for tempe-
rature, salinity and light-conditions. It is therefore neces-
sary to investigate not only the photic zone, but the whole
vertical column. Since the Baltic proper contains two greatly
differing water masses,separated by a haloeline at the 50 - 60 m
level, special attention must be payed to the depth of the
stations. Consequently, the conditions found at a shallow
station will be different from those at a deep station con-
taining cold, salt water below the haloeline. The composition
of species, the biomass and the zooplankton production are
therefore greatly dependant on the depth of the station, and
this must be kept in mind when the results are discussed.

At station 1 in the llano Bight, the net hauls were made from

a depth of 30 m to the surface. In 1975, the first sample

was taken in the middle of April and the last in the middle

of November. The biomass values were, 1in general, much smaller
than the average values for the southern Baltic proper. This
is simply a result of the shallowness, which during most

months excludes those species that prefer cold water.

During April and May the biomass was approx. 3 g wwt
(fig. 9). The dominant species were the copepods Pseudoeala-

-—1§ 1I* plongatus and Acartia spp., which together constituted
65 - 85 % of the total biomass.

Another species of significance was the appendieularian

Prijbillaria corealis acuta. Both P. m. elongatus and F.
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]d. acuta prefer cold water, and their appearance at station
1 was therefore restricted to the winter and spring seasons.
The absence of the very important spring rotifer Synchaeta spp.

is remarkable.

During the month of June the temperature rose considerably,
and consequently, the numbers of P, m. elongatus rapidly
decreased. Instead, a warm stenotherm copepod, Centropages
hamatus, began to appear in great numbers. Together with
Acartia spp., _6. hamatus dominated the biomass. Other species
were the copepods Pseudocalanus m. elongatus and Temora longi-
cornis, the appendicularian Fritillaria borealis acuta, the
cladoeerans Evadne nordmanni and Podon leuckarti and a number
of bivalve larvae. The biomass values in June varied from 7 -
8 ¢ m_2 wwt. Two measurements were made in July, one in the
beginning and one in the middle. The biomass values were
slightly higher (9 - 11 g m wwt), but no great changes in
the fauna could be seen. Two later measurements, made in
August and September, showed similar biomass values, but a
marked change in species composition had taken place. As a
result of the very high water temperature in August (20.2 °C),
favourable conditions were created for a rapid increase in
the numbers of Bosmina cor, maritima. In the beginning of
August B. £. maritima was responsible for almost 50 % of the
total biomass, and in late September 17 %. In addition to
Bosmina, the three copepods Acartia spp., Centropages hama-
tus and Temora longicornls dominated the fauna. On the last
two measuring occasions (October 24 and November 12) the
biomass values had decreased to 5*2 and 2.6 g respectively.
The major components of the fauna were Acartia spp. and

Temora longicornls

At station 2, east of Gotland, the biomass values were in
general higher than at station 1. The reason for this is
probably the greater depth at this station (55 m), which
creates favourable conditions for the Bseudocalanus m. elonga-
tus-population, even during the warm season. The abundance

of ~eaora longicornls was also considerably greater at this
station, especially during the warm season. Apart from these
differences the fauna at station 2 was rather similar to that

at station 1.
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In the samples from April and May, the fauna was dominated
ly Acartia spp., Pritillaria borealis acuta and Pseudocala-
nus H* elongatus. This is the same as for station 1, and so
was the biomass, which was about 3 g m""2 wwt in April and
.the beginning of May (fig. 10). In the middle of May the
biomass was about 6 g. Mo sampling was carried out in June,

but in July samples were taken on four occasions (July 2,
10, 18 and 30). The biomass values were then considerably

higher (15, 27, 25 and 20 g resp.) and the increase was mainly

caused by the eopepods, especially femora longicornis and

Centropages hamatus.

On the two sampling occasions in August the surface tempera-
ture was very high (19 - 22 °c). The conditions for a rapid
increase in the abundance of Bosmina cor. maritima were thus
good. The maximum abundance of B. cor. maritima at station 2
was of the same magnitude as at station 1 (500 000 ind. nfT2)
but the share of the total biomass was somewhat smaller (12 -
25 fa) due to the larger total biomass at station 2. As was

the case in July, the eopepods were by far the most dominating
group, especially Bseudocalanus m. elongatus and Temora longi-

cornis.

On the next sampling occasion (September 2), the importance
Bosmina cor. maritima was, curiously enough, very small,
although the water temperature was still high (19 °0). The
total biomass was also surprisingly low, (6.7 g) but the
decrease was not noticed among all species, only among the
major eopepods. However, a technical error in the sampling

procedure is the most probable reason for the low values.

The low values from the sampling in BTovember (3.7 g) were,
however, expected. The water temperature was only 10 °C and
most of the spring and summer species like Evadne nordmanni
Podon sp. and Centropages hamatus had lost their importance.
The fauna was restricted to the eopepods Bseudocalanus m.

elongatus, Acartia spp. and Temora longicornis

Station 3 in the Aland Sea is different from the other sta-
tions mainly because of the lower salinity. The mean salinity
at station 3" was 5.8 compared to 7.5 at station 1 and 7.8

at station 2. The station was rather shallow (40 m) and com-
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bined, these factors create an unfavourable habitat for
several important species. On.the other hand, the low sali-
nity makes it possible for brackish water species like Eury-
temora sp. and Acartia bifilosa to play a more dominating
role. The biomass values were thus of the same magnitude as
those from station 2, despite the unfavourable conditions
for several species. Compared with the other stations, the

vernal increase in the water temperature occurred about one

month later at station 3". The biomass values from the samplings

at the end of May and in the beginning and middle of June were
consequently relatively small (1.6 - 4*7 g) (fig. 11).

In samples from the end of May, the copepods Acartia spp.

and Burytemora sp. dominated the biomass totally. However,

on the next sampling occasion, only ten days later (June 5),
the rotifer Synchaeta spp. was so abundant that it constitu-
ted 28 % of the total biomass. The temperature increased from

4.8 to 6.5 °C during the same period. In the middle of June the

number of Synchaeta spp. was still high (450 000 ind. m*2),and

addition, the numbers of Acartia spp. and Burytemora had in-
creased. A rapid rise in water temperature from 6.5 to 12 °C
had taken place at the same time. By the end of July the bio-
mass had increased almost four times (17.6 g) compared to the
values from June. The rotifers were now of very little im-
portance. The major increase in biomass was caused by Bury-
temora sp. which reached its maximum abundance on this samp-
ling occasion. However, Acartia spp. was still the dominant
species. The eladocerans Evadne nordmanni, Podon leuckarti
and Bosmina cor, maritima occurred, but in small numbers.
Unfortunately, no samples were taken in August but in Septem-

ber sampling was carried out twice. On the first sampling
occasion (September 2), the maximum biomass value for the

year was recorded (20.9 g). Acartia spp. and Eurytemora sp.
were very dominating (61 % and 25 % resp.) compared to e.g.
Temora longicornis (4 %) and Bosmina cor, maritima (5 %).

It Is however, probable that the period of maximum abundance
for B. cor, maritima was never found due to the absence of
sampling in August. On the next sampling occasions (Septem-
ber 17 and October 1), the biomass was somewhat less (15.3 ¢
and 19.4 g resp.) but the relative importance of the diffe-
rent species was still the same. By the middle of October
the biomass had decreased drastically to only 6.0 g. All

in
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species were less abundant, except for the rotifer Synchaeta spp.
which showed a distinct autumn peak (360 000 ind. m-2). The

last sampling occasion of the year was in the middle of No-
vember. The surface temperature was then only 6.8 °C and the
biomass was accordingly low (4.3 g). The rotifers were then
insignificant and so were the cladocerans. Acartia spp. and
Euryfemora sp. were still by far the dominant species but
both Pseudocalanus m. elongatus and Temora longicornis were
also relatively important.

b. Zooplankton production

The intentions behind the zooplankton sampling in this "pri-
mary production’”-project were primarily to investigate the
seasonal cycle of the fauna, by taking advantage of the frequent
measurements carried out for the primary production studies.

In addition, due to the frequent measurements, an estimate of
the zooplankton production could be made. This calculation
(fig. 12), must be regarded as a relatively rough estimate,
since some of the P/B coefficients are literature values
calculated from rather different environments. Another limi-
tation is the lack of values from the winter season. According
to previous investigations however (Ackefors & Hernroth 1975),
the contribution from the winter season is of minor importance

compared to that of the other seasons.

The production has been calculated according to the method
described by Winberg (1971). This method uses the ratio of
production to biomass, the so called P/B coefficient. This
coefficient is specific for each species, and is influenced
by both water temperature and the developmental stage of the
specimens. Consequently, the coefficient does not remain con-
stant, but represents only a certain mean value, true for a

defined period of time only.

At station 1, the total production from the middle of April
until the middle of November was estimated to be 5.4 gC m-2

(104 g wwt). The maximum production (47 mgC m*“2 d-1) occurred
during the period August 7th to September 22nd. The cladoceran
Bosmina cor. maritima was, during this period, responsible for

64 % of the produced biomass, although its share of the stand-
ing crop was only 32 %, During the rest of the year, the co-
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PeP°ds Acartia spp., Oentropages hamatus, femora longicornis
and to some extent Pseudocalanus m. elongatus dominated the

production.

At station 2, the total production from the middle of April
until the beginning of November was calculated to be 5.8 gC
m (ill g wwt). However, there is reason to believe that
this is an underestimation, due to the fact that both June
and September-0October are so poorly represented by samples.
It is likely that samples frora June would have contained a
considerable number of rotifers, and since these have a ra-
pid turnover rate, their contribution to the total produc-
tion would have been important. The fact that no sampling
was carried out during September and October has probably
led to a substantial underestimation of the daily production.
Earlier investigations have shown that the biomass values
usually remain high during September and the beginning of
October, and the decrease is not rapid until the end of Oc-
tober. A more likely total production has therefore been
estimated to be 7 gOm 2 (135 g wwt). The main producers
were the copepods .Pseudocalanus m. elongatus, Acartia spp.
and IgffiP.ra longicornis. During August the influence of Bos-
cot. maritima was considerable due to its rapid turn-

over rate.

At station 3%, the total production from the end of May un-
til the middle of November was calculated to be 7.1 gC m~2
(136 g wwt). The maximum production occurred in August when

a daily production of 64 mgC m ~ was found. The dominant pro-
ducers throughout the year were Acartia spp. and Eurytemora
sp. with occasional contributions from the rotifer Synchaeta
spp- in June and October.

c. The feeding habits of the fauna

In an investigation like this, where more than one link in
the food-web is being studied, it is challenging to look for
an eventual relationship between the different components.

In this investigation it was possible to make such an ana-
lysis only at station 2, since the number of zooplankton

samples were too sparse at the other stations.
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According to Petipaet_ al.(1970), Hillebrandt (1972) and Schnack
(1975), a rough separation of the zooplankton into feeding

groups can be made. In this paper the separation has been

made into herbivores, omnivores and carnivores. However,

most authors have worked only with the older stages, which
creates some uncertainty when classifying the young eopepo-
dites and nauplii of certain copepods. This rough separation
of the fauna into major feeding groups will, however, give
some indications of the relative importance of the different
groups as well as the seasonal variation. Prom fig. 13 it is
evident that the relative importance of the herbivores is
greatest during April, May and June. This would seem likely,
since there is a considerable amount of phytoplankton-biomass
produced during April and May, The increase in the number of
omnivores occur in the middle of May and a maximum is reached
in mid-July. This increase is a result of the changing age-
structure among the eopepod populations. As the nauplii and
young copepodites grow older, they often change from plain
herbivores to mixed-food consumers (Petipa et _al_. 1970). This
decreasing importance of the herbivores in June-July is sur-
prisingly well correlated with the declining primary produc-
tion that takes place in.June. A new increase in the impor-
tance of the herbivores takes place during August. This is

to a large extent caused by the herbivorous oladoceran Bos-
H."na cor* maritima, which has its yearly maximum during this
period. It is impossible to describe the situation during Sep-
tember and October, since no samples were taken during this
period. In November however, the herbivores dominate. The reason
for this is the appearance of the purely herbivorous eopepod
?geudocalanus m. elongatus which at this time dominates the

fauna.

The carnivores were obviously of very little importance (K7 %),
The main carnivores iIn the Baltic are the rotifer Synchaeta
spp-, the cladocerans Podon spp. and Bvadne nordmanni, the

eopepod Oithona similis and the medusae Aurelia aurita.

At station 2, none of these species were abundant in 1975.
At other stations, several, and sometimes all of the above
mentioned species can be abundant. This is, therefore, not
a general description of the Baltic. It is, on the contrary,

most probable that the carnivores play a much more important
role.
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Table 2.

MOUTH

January
February
March
April
May

June
July
August
September
October
November

December

QUARTER

I
1l
v

YEAR

ANNUAL MEAN

1961-1975

DIFFERENCE
1975

Irradiation

in mWh cm”

2

at stations i

Station 2
(Herrvik)

Station 1
(Horvik)
1 127 1 126
4 133 4 105
7 619 6 981
12 170 11 550
16 317 16 308
18 326 20 808
17 508 18 437
15 714 16 008
8 742 9 427
3 380 4 525
1 686 1 339
1 080 1 017
12 879 12 212
46 813 48 666
41 964 43 872
6 146 6 881
107 802 111 631
Svalov Visby
101 139 107 115
+ 7 % + 4 %

* values from SMHI

3-

in 1975.

Station 3*
(Oregrund)

11
15
18
.18
12

11

45
38

101

814*
655*
909*
157*
856*
810*
237*
508*
970*
905

819

530

378
823
715
254

170

Erken
96 486

+

5 1o



Table 3. Irradiation, measured production, calculated production, chloro”

phyll a, phytoplankton biomass and zooplankton biomass.

Station 1, 1975

Date Irradiation Measured Calculated Chloro-  Phytoplankton Zooplankton
production production phyll a biomass biomass
mWh cm-2d-1 mgC m~2h_1 mgC m—2d—1 mg m—2 g m-2 wwit g m_z wwt
(0-20 m) (0-20 m) (0-15 m)i (0-15 m) (0-30 m)
750204 23 4.2 23 3 0.4
750228 244 19.1 132 11 0.4 -
750327 281 25.5 222 15 1.6 -
750417 568 84.9 756 75 10.9 3.1
750511 377 21.3 164 6 1.9 2.8
750618 793 40.1 405 7 2.6 8.2
750626 609 44 .2 380 1 1.8 7.6
750702 774 64.9 669 3 2.4 9.3
750714 394 81.0 923 13 1.5 11.4
750807 647 91.0 874 6 1.0 8.9
750831 493 97.2 817 5 0.9 -
750922 374 79.7* 614* 21 0.8 10.3
751024 21 22.2 124 36 0.7 5.2
751112 102 40.5 223 27 0.8 2.6

Calculated annual primary production: 132 gC m~

Calculated annual secondary production: 6.5 gC m

*approximate value



Table 4. Irradiation, measured production, calculated production, chloro-

phyll a, phytoplankton biomass and zooplankton biomass.

Station 2, 1975

hate Irradiation Measured Calculated cChloro- Phytoplankton Zboplankt
production production phyll a piomass biomass
ray/h cm_zd_1 mgC moht mgC m_zd_l mg m_? g m~2 wwt g m~2 wt
(0-20 m) (0-20 m)  (0-15 m) (0-15 m)’ (0-55 m)
750109 30 - 5 0.9
750325 266 20.8 137 10 0.2 -
750417 562 45.4 372 18 2.7 2.8
750506 707 61.0 586 41 4.2 3.1
750515 603 50,6 481 27 1.4 6.6
750528 724 60.4 598 30 1.0 -
750612 779 18.0 180 15 1.3 -
750702 812 47 .3 497 23 1.5 15.5
750710 783 45.2 457 12 3.9 27.1
750718 767 53.8 549 21 3.3 25.3
750730 666 37.0 348 22 3.2 20.2
750808 647 57.2 549 25 2.9 17.2
750820 588 58.0 516 17 0.4 20.1
750902 480 58.0 487 24 2.0 6.7
751022 194 27.8 178 - 3.4 -
751107 46 23.4 126 - 3.1 3.7
751218 51 4.4 22 0.9

Calculated annual primary production: 96 gC in

Calculated annual secondary production: 7.0 gC n*



Table 5. Irradiation, measured production, calculated production, chloro-

phyll a, phytoplankton biomass and zooplankton biomass.

Station 3", 1975

Date Irradiation Measured Calculated Chloro- Phytoplankton Zooplankton
production production phyll a biomass biomass
mffh cm’*2d”’» mgC m—2h—1mgC mT% mg m” g n1_2\mwt gm ’?th
(0-20 m)  (0-20 m) (0-15 m) (0-15 m) (0-40 m)
750226 178 1.7 13 8 0.8 0.1
750318 355 11.9 89 24 6.0 -
750408 380 35.3 279 37 6.7 -
750422 413 41.6 358 78 31.7 -
750507 593 25.4 229 24 13.4 -
750526 747 19.5 189 21 8.4 1.6
750605 439 25.6 292 21 4.5 3.2
750618 732 16.9 194 15 1.8 4.7
750722 452 35.9 352 26 2.4 17.6
750902 414 51.4 452 47 7.9 20.9
750917 296 43.7 437 27 4.4 15.3
751001 199 33.0 224 36 2.1 19.4
751016 96 16.8 138 20 0.1 6.0
751111 12 2.5 16 19 0.8 4.3

Calculated annual primary production: 67 ¢C m_2

calculated annual secondary production: 8.5 9¢ M2



Table 8. The components of the phytoplankton biomass expressed as peroen-
tage of the total. The total values are given as ¢ m~" (wt).

Station 1, 1975

Date Blue- Diatoms Dinofla- Chryso- Green Monads Total

green gellates phyceans algae and

algae fla-

gellates
% % % b % i g nf2 wwt

750204 0 94 0 0 2 4 0.4
750228 2 57 22 0 0 19 0.4
750327 56 42 0 0 0 2 1.6
750417 0 99 0 1 0 0 10.9
750511 1 90 1 6 0 2 1.9
750618 75 5 5 0 7 8 2.6
750626 67 5 0 0 22 6 1.8
750702 64 4 5 19 4 4 2.4
750714 61 3 9 13 2 12 1.5
750807 10 38 8 0 0 44 1.0
750831 7 18 6 0 0 69 0.9
750922 0 5 41 0 0 54 0.8
751024 10 17 51 1 0 21 0.7

751112 1 47 33 0 0 20 0.8



Table 9. The components of the phytoplankton biomass expressed as percentage

of the total. The total values are given as ¢ m_2 (wwt).

Station 2, 1975

Date Blue- Diatoms Dinofla- Chryso- Green Monads Total
green gellates phyceans algae and
algae fla-
gellates

% % % 0 % % g m2
750109 0 92 0 0 3 5 0.9
750325 3 74 3 0 0 20 0.2
750417 0 93 4 0 0 3 2.7
750506 2 39 53 3 1 2 4.2
750515 6 8 72 8 0 6 1.4
750528 15 0 37 38 2 8 1.0
750612 2 21 60 2 4 11 1.3
750702 17 25 19 17 6 16 1.5
750710 41 11 26 15 3 4 3.9
750718 57 6 13 12 9 3 3.3
750730 62 19 9 4 2 4 3.2
750808 84 3 5 0 0 8 2.9
750820 24 15 0 0 0 61 0.4
750902 3 25 33 0 3 36 2.0
751022 3 77 17 0 0 3 3.4
751107 7 70 19 0 0 4 3.1

751218 9 79 5 0 0 7 0.9



Table 10. The components of the phytoplankton biomass expressed as percentage
of the total. The total values are given as g m~ (wwt).

Station 37, 1975

Date Blue- Diatoms Dinofla- Chryso- Green Monads Total

green gellates phyceans algae and

algae fla-

gellates
% % % % % % g m-2 wwt

750226 5 7 34 0 0 54 0.8
750318 0 50 40 4 0 6 6.0
750403 0 59 36 0 0 5 6.7
750422 0 46 30 17 0 7 31.7
750507 0 25 67 0 0 8 13.4
750526 0 34 50 0 0 16 8.4
750605 3 49 26 3 0 19 4.5
750618 30 33 6 1 0 30 1.8
750722 47 1 14 16 6 16 2.4
750902 64 16 4 4 2 10 7.9
750917 22 19 23 22 0 14 4.4
751001 17 15 43 0 0 25 2.1
751016 55 12 9 0 0 23 0.1

751111 54 17 2 4 0 23 0.8



BOTHNIAN
BAY

THE INVESTIGATION AREA IN THE BALTIC
TEGO

Station Position
E 19 35
BOTHNIAN SEA
A Ordinary soiarimeter stations »REGRUN]
1 SMHI
ERKEN O
VISBY,
IERRVIK
2

SVALOV BALTIC PROPER



Stn. |

Sta 2

Sin. 3

Stn. 4

Stn. |

Stn. 2

Sin. 3

Stn. 4

Strut

Stn. 2
Stn. 3*

Sin.4

MEASUREMENTS CARRIED OUT

1973

] | F
I
!

1974

J L F
!

1975

J F

IN 1973, 1974 AND 1975

1L J LA ls i 01 N1 o Jnr

J L J A 1l s I O 1 N | pJnr

J L j L A1 s 1 01 N I D Jpr
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IRRADIATION ON THE BALTIC IN 1975 Fig. 4
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