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IN'TRODUCTION

Sinee 1963 eomprchensive studies 01' zooplankton have been ear~ied out in

the Baltie proper by Swedish seientists. With a modern approach of the

plankton methodology, which has been improved ever sinee then, a new

picture of' the plankton ecmmunity has been drawn. Tbe issue for the

investigations has ehanged very mueh sinee our first studies. At the

beginning our main effort was eoneentrated on the eeology of' the various

speeies of' the plankton fauna. Later the speeies canposition and bianass

studies beesme more important. Sinee 1972 the secondary production of

zooplankton in relation to the primary phytoplankton production is in

focus. At present the energyflow through the wh01e pelasie ecosygtem i8

our main interest.

Sinee the beginning of' our work the samples hnve been very eareful1y

analysed, not only to speeies but in most eases to. deve10pmental stages.

It has therefore been possible to follow the eohorts of each speeies in

our studies with dense sampling. Tbe teehnique with vcrtieal fractionnted

hauls was show to be the best one in an aren 1ikc Baltie with both

seasonnl a.n~ diurnal migration (cf. Ackerors 1969 a, b). In addition to thc

plankton nets a quantitative plankton sampler has been used (Aekefors

1969 b, 1971 a). L8.t~r 'even horisontal or oblique hauls vith a Bongo net

have been earried out for zooplanktonbiomass end fish larvae studies

(Ackefors et al., 1974, Hernroth &Persson, 1975).
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Tbe studies have been earried out both in eoastal- and offshore water.

In the eoastal water of Askö the eeology of the zooplankton in relation

to seasonal and vertieal distribution has been investigated ( Aekefors,

1969 a, b, 1971 a). The offshoro studios wore first earried out at 70

different plankton stations (Aekefors, 1969 a), but later the studies

were concentrated to 7 stations, eaeh representing one subarea of tho

Baltic proper. Tbe issuc for thc studics has been to invcstigate thc

horisontal and vertieal distribution of zooplankton in the Baltic in

relation to hydrographical eonditions (Ackefors & Hemroth, 1970 a, b,

1971, 1973, 1975). Later bienass and production studies have bcen earried

out both in relation to the primary production and fish production

(Ackefors &Hernroth, 1972; Ackefors 1975 a, b).

During the latest phase of our studies (since 1973) oven dense sampling

in offshore water (c. 18 timos year-l ) has been earried out at two stations

in the Baltie proper, one station in the Aland Sea and one in the Gulf of

Bothnia (Ackefors & Lindahl, 1975). In order to veri1"y or reject the

results of our field studies semc laboratory experiments-have been made

(Ackefors & Rosen, 1970; ACkefors 1971 b).

The prescnt paper is a. summary of a five-year study in offshore conditions

in the Baltie proper. For each of the separate year.s a cccprehensive

report has been prepared (Ackefors & Hernroth, 1970 a, b, 1971, 1973,

1975). The main features of the results are outlined and SOl:!1e conelusions

are made.

MATERIAL AlID METHODS

The brack~sh water conditions in the Bo.ltie greatlY influenee the

species eomposition of zooplankton. The diversity is very low and only

about 40 speeies oeeur in the Baltie proper frO%:l 550 N to 600N (exeluaing

mierozoopla.nkton <.0.2 rn:l). The Baltie is the lar@.:est brackisb water sea

in tbe wor1d with stable und low salinity cenditions. Tbe salinity is about

8';0 .at the surface in the southern Baltic proper and 6%0 in the northern

part. This is a eritieal so.linity interval for %:lost marine and freshwater

speeies (cf. Remane 1940). 6-8%0 is tbe lowest salinity in whieh

a lot of euryhaline plankton organis%:ls may oceur. In less saline water

tbc number of !resh water species increa~es. Consequcntly furtbcr to tbc

north in the Bo.1.tic (=thc Gu1f of Bothnia) wherc the sa1inity is 1ess than

6%0 the plankton fauna ccnsists of only brackisb water and freshwater

species except .for 0. sparse occurrence of euryba1ine organisms in.tbe deep
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water with higher salinity and holeuryha.line organisms (ef. Aekefors,

1969 a, 1971 e).

A ha.loc::line appeo.rs in 40-60 n depth. Below this level the salinity in­

creases to 12-20%0 in the deep basins. Below the ha.loe1ine the o~gen

conditions deteriorate rapidly. The oxygen concentration is less than1­

2 ml O2/1 in most 01' the water eolumn. (Fonselius, 1962; Ackefors &

Hernroth, 1971).

Tbe temperature conditions fiuetuate very much durine a year. Tbe surface

water in winter is less than 4_50C in the Ba.ltic proper and fast-iee or

dritt-iee may oceur 1-2 nonths at the eoast and off-shore.

In the end 01' spring (May) the temperature rises at the surface. The

thermocline develops and the water teI:lperature is higher in the surface

'Vater than below the themocline until OCtober-Novenber. In winter the

temperature is ratherhomogen.ecUl:l fron surface to haloeline. Tbe temperature

i5 5-6°C in the bottam water 01' tbc deep basins the whole year. (cf.

Ackefors 1969 a).

Tbe zooplankton sempling in this study was carried out at 7 offshore

stations eaeh representing one subarea 01' the Ba.ltie proper (fig 1).

Tbe subareas are tbe Arkona Sea (S 12), the Bornholm Sea (S 24) and five

subareas 01' tbe Gotland Sea (8 A, S 41, F 81, F 78 and F 72). Tbe stations

were visited 4-5 times e year, 1968-1972.

All samples in this study were collected with e Uansen net witb a mesh­

size 01' 0.16 mm exeept in 1972 vhen the mesh-size vas 0.09 mm. On most

oeeasions the heuls were fractionated aeeordinp; to the fol10ving standards:

25-0 m , 50-25 m, 100-50 m,200-100 m. Some samplin~ have been perfor.ced

according to the hydrographical conditions, i.e. frac ther.cocline to

surfaee, fram ha.loeline to thcrmocline and from bottom to halocline. Tbe

samples were preserved in 4% toimaldchy'de. •

In the laboratory the sa.mples were sub-sampled in tbe modified whirling

apparatus eonstructed by Kott (1953). Tbc samples were analysed to species

and for thc copepods also to deve10pmcntal stages. Tbe two spedes 01' Acartia

have not been separeted cxcept for the adult stage.

For all biamass studios thc volU1!lC 01' each species and developmental stage

vere estimated (Ackefors, 1972). Tbe density was considered to be 19/crn3

. -2 ( )and the values were converted to wet ve~ght and expressed as gm wwt.

A filtration coefficicnt of 0.7 ves applied • Rcccnt studics vith WP2-net

(UNESCO, 1968) ond Nansen net simu1toneous1y have veri1'ied, that a eoe1'1'i­

cient of 0.7 is suitable to apply :for all seesons except· for thc most
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productive pcriod 01' the year (ßernroth, unpubl.) During the period in

August-Septe~berwith very high production a coefficient 01' 0.3-0.5

lIould have been better. In the future the old results will be recaleulated

when correeticn faetors are established for eaeh month or season. The

biooass figures in this paper are therefore an underestimate for the most

produetive part 01' the year.

Frcm 1975 and onward the Hansen net has been replnced by the WP2-net

aceording to an agrecment between all countries inside the Ba1tie l-1'arine

Biologists (B M n). ~ manual for zooplankton-ichtyoplankton investigations

in the Baltic (Ackefors et al., 1974) as well ns other biological parametres

has been prcpared by 7 working groups inside B MB. The manual will be

presented nt tbe 4th Daltic Symposium cn Marine Dio10gy" in Gdynia, Polend,

in October, 1915 •

RESULTS

n. Tbe plankton fauna

About 40 species 01' zooplankton (excluding ~crozooplankton<0.2 mm)

oceurred in the samples. Tbe most abundant species were six copepods, vize

Temora longicornis, Pseudoca1anus minutus e10ngatus, Centropages hamatus,

Acartia longiremis, Acartia bifilosa end Eurytemora sp; two cladoccrans

Bosmina coregoni maritima and Evadne nordmanni; one larvacean Fritillaria

borealis (fig. 2). These nine species made tor,ether more than 95% 01' the

biomaos nt all stations except on a few occnsions when they made 90% 01' the

biomass. Tbe most import~~t 01' tbe nine mentioned species were the copepods

1. longicornis and f:?. ~. elonsatus whieh together mcstly made more than

50% 01' tbe biomnss in tbe Bouthern Baltic proper and more thon 40% 01' the

biomass in the northern Baltic proper. Tbe cladoceran Podon llolyphemoides

is very abundant in summer in coasta1 waters and may sometimes be rather

abundant in offsbor~ water (Ackefors, 1969 a). Tbe rotifers Syncbaeta S1'p.

(main1y S. baltiea and S. monopus ) may also be rather abundant but usua1ly

only in the coastal waters.

The following sDccies were 1ess abundant; tbc epbyra larvae 01' Aurelia aurita

and Cyanea cnpillata, the 1arva.c 01' Sarsia tubulosa tbc lnrvae 01' . " ".

Pleurobrachia pileus, thc rotifers Kerate1la quadrnta quadrnta, !. guadrata

p1atei, !. cruciformis, the 1arvae 01' the po1ychaetes Pygospio e1egans and

Hann.othoe sfl.rsi, the cladocerans Podon intcrr.ledius end E.. :Leuckart i , thc

copepods Litmocalanus macrurus, Oithona similis, Cyclops sJ>, harpacticoid

copepods, thc larvac 01' Balenus improvisus, thc amphipod HyPcria. ga.lba,

gastropod 1nrvae, tbe 1arvae 01' Myti1us edulis, Mncoma baltica,
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e'ardi~ 1e±n~rcki and Mya arenaria, the chaetognath Sap:itto. e1e13ans baltica

and 1arvacean Oikopleura dioica.

b. The horisontal distribution of species

In fig. 3 the horiscnta1 distribution of the copepods in four different

months (January=winter; May=spring; August=summer and October=autumn)

a10ng a transection from south to north is shown (cf. fig. 1). The values

o.re given as percentage of the total biomass. Ps. ~. elongatus is abundant

trom south to north the whole year. The same was true for T. 10ngicornis

except in spring. The two species of Acartia (A. bifi10sa, A. 10ngiremis)

are relative1y I:lore abundant in autumn but was important even in other

seasons both in the Arkona. See. (S 12) end at the most northern station (F 72).

20. hamatus was of less importance. Eurytemora.:m.. was only abundant in warm

water at the rlost northern sta.tion.

Besides the copepods, F. borealis was important in winter and spring (fi~. 4).
The first winter eggs of the cladocerlll1s do not normal1y hatch until April­

May. Fron May E. nordmanni nnd three species of Podon oc'Curred. 7':ese species

were not very inportant hovever. In August when the ternperature increased to

more than l50e B. cor. maritima was very ioportant. Some years more than

1 milj.ind.m-2 of that species were found in the southern Baltic proper.

Th~ influx of salt bottom water froo. thc Knttep,at thrcuP'h the Belt Sea

into the Arkana and Eornholm Sea forms the pre-requigites for species,-which

are less tolerant to 10w salinity. Duc to this fact O. sioi1is'is ratber

abundant in those areas.

c. Thc vcrtical distribution of specics

The vertical distribution of thc copepods and other organisms fluctuated to

a certain cxtent durinr thc different scascns. Fig. 5 shows a typical pattern

of vertical distributicn. Most of thc species were abundant in the sampIes

frcm 25 m to surface in thc mcderate1y wam water abovc the thermocline

(11oe). Below 50 m depth in the cold water very few organisms occurred cxcept

for Ps. !!l' e1cnp;atus, which had its maximmt distribution s.:mewhat between 100

and 50 m depth. It is conspicuous that a lot of individuals also were found

be10w 100 In depth where the oxygen concentration was less than 2 m1 °2/1.

In vcry warm surface water (17. 50e) the copepods were distributed in near1y

the somc way (f'ig. 6). But it is to be noted that the sampIe from. 25 m to

surface also included the cold water just within the the~ocline (20-25 m).
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, whj
That "3 ""vffl:Y we faund PS. E.. elonga.tus in that sampIe •

None of these pictures do howevor reveal exactly where in the water col\lr'.n

thc organisms occurrcd. Fi~. 7 shows a pattern of vertical distribution

from a sampling with n quantitative plan.ltton s8!1pler fram August, 1963,

about 6 p.m. (Ackcfors, unpubl.). Sar::.ples were taken every 2.5 n fron

surface to 25 m depth. The brackish water orgnnisms (Acartia spp. mainly

A. bifi10sa and Eurytenora. sp.) were distributed in the warn surface water

down to the lower part of thc thermacline. Thc euryho.1ine ma.rine ccpepods

(.9.. bamatus, Ps. E.. elenp:atus, T. longicomis )wcre distributed within and

below tbc tbcrmocline. (C. hamatus and T. lenEicomis migrate up into tbe

surface water durin~ thc nigbt but ~. E.. elongatus alwnys reme.i.ns below tbc

thermocline. In winter this copepod is also found in surfnce wate~)

d. Tbe seasonal variation of zooplankton abundance und bionnss

The seasono.1 variation of tbe zooplankton bicnass nt two stations S 24 and

F 72 is illustrated in figs. 8-9. In the upper part of thc figures the

percentage of tbc total bienass for eacb of the most important species is

reproduced. In tbe lower part of tbc figures the seasonal variation of the

biomass of T. leneicomis and Ps. ~. elongatus in comparison to other

spccies is reproduced.

In the Bomboln sea (S24) Ps. !o. elongatus and T. longicornis dominated during

the first and second quarter of thc year. In August-September the same species

and B• .s.2!.. maritima wcre dominant. During the last part of the year ~ia

spp. and the two copepods T. longicornis nnd ~. I:1. clonp;atus made about 90%

of the biomass. E. nordmnnni, F. borealis and Q. bamatus wore less important •

The otber ::>pccies , indi cated by the upper tbin area in tbe diagrom, made a

very little fractien of tbe biomass during the year.

. . -2
Thc menn value of b~oI:lass f1uctuated from about 3 g m in Marcb to about

30 g m-2 in August-September. Bcsides the two copepods, T. longicornis and

~. E.. e1ongatus, tbe othcr specics I:1ake a very important fraction of tbc

biomass (13-20 g m-2 ) in August-September•

. At station F 72 (nortbern Baltic proper) five species made thc I:1ain part of

the biomass during tbc first balf of the year, viz •. F. borenlis, A. bifilosa

+ A. lenp;ircnis, Ps. !!!o. elonp;atus and T. len~icomis (fig. 9). In the sccond

part of tbc year thc Sllt!le species dcminated except that F. borealis was

replaced by Eurytenorn sp. during the warm period frem July until Octobcr­

November. f. hamatus ende asnall part of the biomass durine the whoIe year

wbilc B. E.Q!.. mnritima centributed a litt1e to thc biomass in August-SepteI:1ber•..
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The total biomass at station F 72 is, however, 1ess than that at station

S 24. During 8 months of the year the biomass was 1ess than 5-6 ß m-2•
. ( -2)The highest mean value of bl.omass 27 g m was reported for August.

e. The biomass of zooplankton in the

different subareas

The biomass of zoop1~~ton in 1972 and the mean va1ue for 1963, 1968-1972,

for different plankton stations is disp1ayed in fiR. 10. Tbe values are

considered to be representative for the seven subarens of the Ba1tie proper

as mentioned above.

The Arkona Sea (S 12) is a transition aren between the Ba1tie proper and the

Belt Sea with very unstnb1c hydrographiea1 conditions. Thc 1972 value for

biomass as wel1 as thc mean value for the six years are lower than in most

other arens. No real maximum appeared.

The Bornholm Sea (S 24) was productive during the who1e investigation

period. The maximum value of 58 g m-2 in August, 1972, was the highest

vo.lue ever found in the Bnltic proper by the authors. At the three sta­

tions S 24, 8 A and F 81 the biomass values fram May, 1972, and especial1y

fram August, 1912, were hi~her then the previous va1ues during the investi-

.gation period 1968-1972. The month1y mean va1ues bnsed on 4 observations
. . 8 -2for each of the three stat10ns 1n 1972 were 25.5, 1 .2 end 11.2 B m

(wwt). The eorresponding values for stations S 12, S 41, F 78 end F 72

were 8.5, 9.2, 11.5 and 8.0 g m-2 (wwt).There were thus great differences

between the variOU3 subareas in the Baltie proper. The differences were

more pronounced in 1972 than the differences between the six-year meen

values.

f. The secondary production of

.zooplankton

No estimate of the secondnry produetion of zooplankton for the who1e period

has been done so far. A first attempt to estimate the production in off­

shore water was made in 1972.for thc period 1968-1910 (Aekefors & Hernroth,

1972). See discussion be10w.

DISCUSSION

The salinity of 6-8%0 in the surfaee water eonstitutes a habitat whieh puts



•

•

8

the fauna to a severe test with the physio1ogical problems of ion­

regulation, osmo-concentration and osmo-regulation (Ackefors, 1971 cl.

A lot of euryha1ine marine organisms live in the lower part of their

tolerance range for salinity. Howcver, a few carine organis~s succeed in

establishing brackish water populations. Tbc capacity of ncn-genetic

adaptation to low sa1inity is the pre-requisite for the eco1o~ical

success of certain euryhnline spccies. (Kinne, 1964). Due to thc low

number of species there is a lower eccpetitive stress in the Ba1tic

waters which makos it possib1e' for some marine species to estab1ish a

higher populaticn density in the Ba1tic than in other sea areas

(Segersträ1e, 1969). This might exp1ain thc very low diversity of plankton

species and why e few species make a 1arge part of the bionass.

The physio1ogica1 stress of the marine ond freshwater organism greatly

inf1uences thc horisonta1 as we11 as vertical distribution of species.

Same euryhaline marine organisms live at grcater depths (vith bigher

salinity end/or colder wnter) in the water eo1umn than in marine areas.

This phenomenon is cal1ed the brackish water submergence. o. similis,

~. e1e~ans ba1tica e.g. live in deepcr levels vith higher salinity.

~. !o. e10ngetus always avoids warm water. It is obvious for sene marine

species in the Baltic, appearing in an adverse lew, salinity, that they

prefer cold water. Tbis is a. we11-known fe.et for a number of euryhaline

species which live under hypo-osmotic or hyperosmotic stress (Kinne, 1963).

Tbe main issue for our studies is now to estimate the produetion of

zooplankton in order to be ab1e to fo11ow thc energy f1ow'in the pe1agic

ecosystem. Ackefors & Hernroth made a first attemvt in 1972. Using the

mortality coefficients for plankton populations in a coastn1 area vith

dense samplin~ and the biomass values in offshore water (1963, 1968-1970)

the secondary production was estimated. The production in the Bornholm

S
. -2 -1 . .ea was estJ.mated to 7 gCm year and for n statl.on 1.n the northern

B • • 4 ~ ~altl.C proper the est1.mated value was gCm ycar • A mean value for

thc who1e Baltie proper was estimated to 5 gCm-2year-1• It is obvious

from our present know1edt:;e that this is an underestimate.
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LEGENDS

Fig. 1. Chart of the Ba1tic proper and the three subareas, the Arkona Sea, the

Bornho1m Sea and the Got1and Sea according to WATTENBERG (1949). The

Got1and Sea is devided into an eastern and western part by HA'ITENBERG.

According to ACKEFORS (1969 a) the Gotland Sea may be devided into five

subareas; the southern (SG), the middle eastern and western (MEG and MWG)

and the north-eastern and north-western (lffiG and NWG). The seven plankton

stations are evident from the chart, in some cases withboth old and new

symbols as wel1 as the depths. The line indicated by ++++ is a transecti­

on through the Baltic proper with the plankton stations reported in figs.

3-4.

Fig. 2. The nine most important species in the Baltic proper which make more than

90-95 %of the biomass in the offshore water. The tenth species, Fodon

polyphemoides, is on1y important in coastal water (from ACKEFORS & HERN­

ROTH, 1972 b).

Fig. 3. The six most important copepods and their percentage of the total biomass

along the transection indicated in fig. 1. A mean value 1963, 1968-1972.

Ps = Pseudocalanus minutus elongatus, Te = Temora longicornis, Ac =Acartia

longiremis +!. bifi1osa, Ce = Centropages hamatus, Eu =Eurytemora sp.

Fig. 4. The important species except the copepods in the Baltic proper and their

percentage of the total biomass a10ng the transection indicatcd in fig.l.

Bosmina ~. maritima, Podon spp. (f. polyphemoides, ~. intermcdius, P.

leuekarti), Evadne nordmanni, Fritillaria boreaiis, Harmothoc sarsi, ~­

chaeta spp.

Fig. 5. The vertical distribution of the six most important copepods of the Baltic

proper in the Gotland Deep (F 81) in October, 1970 (from ACKEFORS & HERN­

ROTH, 1971). (For further explanation, see fig. 3.)

Fig. 6. The vertical distribution of the six most irnportant copepods of the Baltic

proper in the Gotland Deep (F 81) in September, 1970 (from ACKEFORS & HERN­

ROTH, 1971). (For further explanation, see fig. 3.)

Fig. 7. The vertical distribution of zooplankton from 0 to 25 m depth at station

F 72 in August, 1973. Sarnples taken with a plankton samp1er (23 1) every

2.5 m (ACKEFORS, unpubl.).
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Fig. 8. The seasonal variation of the abundance of zooplankton species and their

percentage of the biomass at station S 24. The total amount of biomass in

the lover part of the figure. Ev = Evadne nordmanni, Fr =Fritil1aria bore­

alis. Ce = Centropages hamatus, Ac = Acartia longiremis +~. bifilosa,

Bo =Bosmina ~. maritima, Ps = Pseudocalanus minutus elongatus, Te =
Temora longicornis. A mean value for 1963, 1968-1972.

Fig. 9. The seasonal variation of the abundance of zooplankton specics and their

percentage of the biomass at station F 72. The total amount of biomass in

the lover part of the figure. Eu = Eurytemora sp., Fr = Friti11aria bore­

~, Ce =Centropages hamatus, Ac = Acartia longiremis + ~. bifilosa,

Bo = Bosmina ~. maritima, Ps = Pseudocalarlus minutus clongatus, Te =

Temora longicornis. A mean value for 1963, 1968-1972.

Fig. 10. The biomass of zooplankton in 9 m-2 (wwt) at seven different stations in

the Baltic proper in 1972 compared vith the mean value for 1963, 1968-1972 •
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