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Conatance.

The vertical zon&ng of the plaﬂkbonlc crustacea in a 1ake is the’
expression of a complex set of different factora. Besides the measurable,
external influences such as light, temperature, acid and.coz straﬁificatidn,
& particularlj large part is played by internal factors, which co-ordinate
a %Paolflc reaction in each spacies depending on state of dmvhlopmﬂnt, .aga -
and sex. Supportlng this extensive, prsdlctable, annmual course of dlurnal
depths and the daily vertical mlwraulons, whose extent is again dependent
on external conditions, primarily of course on the amount of light. Tha

individual fgcﬁors mantloned, however, are here also of graat mlgnlflcance.

Hithin the scope of a long-term study of the plaﬁktonic copepoda, of_tha
.Boﬁensea, :somg day and night series were in 1963 alsp éarfiad cut in
the Obergee, in order to obbtain at least volumetric data on the extent of
tha.daily migrations of these creatures. Althoush Yeismann (18(7) had already
referred to. this phenom&noﬁ, the number of further lﬂY“StlbaﬁlOﬂs on the '__
'Boéensée_still remainsd relatively small. After the studies of Hofer (1899)
and twe 24-hour weries of Auerbach (1934), Elster(1936, 1954) above all
eupplied data on the vertical migration of Heteroscope borealis and Eudiaptomué

gracilig, which had meanwhile disappeared from the Bodensee.  Some studies
ars valid for the genera Gycldps 5.9tx-(1964, 1967) and Megosyelops {1968)
in the Obersee as well as Diacyclops bicuspidatus in the Untersee (1965).

Where posazible pump traps were attached to the finaiﬂnet-seribﬁ (271
each north or wouth gtation in a section from Ieersburg:to.Staa&, Theos
nade possible s preclse analyala of the layer with a vertical distance
‘of one meter and a pumping capacity of 40-50 litres per dcgree gf depth.
Unfortunatfly this combined methed could only be carried out on 21/5/63 and
11/10/63, for the other proflles the comparstively rough divigion of the
_ de?fh profile in S-metre stages {up to 30 m, then in 10-metre stages) had
to suffice. On compzring the catches from the pump and the het,' on 2’1‘/5/53’ o

thers was oblained an aﬁerage obstruction factor in the net of about 105,
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at which, howvewer, vory pirong differences appeared in the 1nd1v1du L groun~
for counting. '
PThe numericnl values in the dizgrems oignify thickness per fu. 3 the

Goge QfOIllﬁS are in ithe Torground, the night series are produced behind them.

The series of separate experimentm.

The limnological situation in the yesT 1963 was_charaoterised by an
exceptional event for the Bodensee-Dbersec — "Secegfrbrne" [b.fr&cziﬁg.gf.tmﬂ
1aké] — Ehe almost cbmphﬁte icing-up of %ﬁe Obersee was noticeable for a |
long time in exiracrdinarily low temperatures, which for example ‘in Hay

stood at 3.7°

Q. Gh ¥ay 2lst the surface water between Stasd and Heersburgﬁaﬁ hed warmed
ws to about 10-13°, the velues in a depth of 10 m, varied bebween 4 and 10°,
The mass of water, cons eauently, was in a strong hydrodynamioc motion,_td |
which the Dlanﬁtonlo organlsms were likewise Oubject. In gpite of this
u1tuLtlon,'un,hvournblc for a series of 1nvcu11g@t10ng, the pump 2nd net
catches allowed a migration to be recognised for most upeCIEu (Pig. 1).

In a cloudless glzy the animals_in the afterncon mestly settled in fhe
. zone between about 10 and 20 m., at which the uppermost dscimetre was prac—
tically.ffee of plankton. Already at around 18 hours the animals coﬁld-be |
observed directly beneath the water surface; in the series apound midnipht

some_forms'(ﬁesooyclbps) finally began to sink back already int0 deeper loyers. =

liost of the proups showsd this termination of the daily migration, with

Budiantomus at any.rato only.the full-groun animals.  Renmarkable is the

[

rcmulﬂlng —~ if also noéljglble —~ migration of the wWaunlii, 1n WﬂlCh only &

. small part of the population too pert. - The maxinem in ubOjt 5 m. of depth
reanined unaltered thersby, lthough From the manutenasw of the Hauplii
.a vertical ampliﬁﬁﬂe'éf aigration of 1 m. should he lock ¢d on.az an ?utounﬂ
ding'aohievcment. -

That the events of fthais da 2y showad only rol¢L1voLy small migrofions
lies - as alrcady mentioned — wih the siratifica tlon of the crustaceans,
which ﬁp té thie dime in any case lay close to the surface. With the incroas—-

ing warning of the water and the formation of a stable metalimnion, some

L
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species, cspecically Cyelons ~brsgorum ~nd Fudisptomus, left the epilimnion

dﬁring the dsy, oo that thclxi waplitude of migraition of these ~nimale
Lecones Larser towonrds autwan,. '

“be  sleendy by July 17tk thim seperation in{o sﬁecias Tiving in the epilimnion
“nd il netali mion by ey wes beding oxbengively performed, The.lake_- ' _
surf oo had usraed up to almost-E}o, s def¥hite thermocline é%s%@ﬁe&gﬁﬁﬁéaﬂéé“
ley Letween 15 nnd 20 metres. Unfortunately in this émvestigetion, as also '
in the following ones, only two profiles could be carried out, in the eariy-
afterncon and before midnight, =o that thsre wgs-no_possibility of.fhe git-—-
uation nenr the surface heing considered éfter the ghart of darkness,. Thé.

gpeccies compoaitién.of the plankton had grectly altered, as on the one hand.'

'Cyclops vicinug had entered its summer diagause_(Einsl& 196?),_while Qn,the
other:hand'ﬁhe clasdocerans were engaged in a ranid developmeht._.This group,
living predominently in the epilimnion, naturally vermitted no détails
{hrcugh the coarse method of het caphture (Fig. Z)Q_although hoﬁever the

effect of the migration was plainly recognisable. The uppermost 5 m. were

visibhly proferred at uight, enpecially by Daphniaz and Leptodora,
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YVith thie copepods the displacewments of the denth mexima were very plain

anc visibly rocoegniscble, Exumxkiy apzrt from the Hesocyclops leuckerti,

cwhich lives more in the enilimnion. Cyclops ahygsorum praéalginns and thé
copepodidae of Zudinptomus had completely left the upber 15 m. during the
doy, and during the sight just between 10 and 15 metreé; with Zudiapioaug
even in the uppermost % w. definite mexima resulted. These creatures, then,
hod in-a few hours surnounted a vertical difection of 10 and more meﬁrcs-'

. oo o _ -
with » bempertore difference of 16-187, : .

c. Up to July 30th (Iig. 3) the epilimnion had increased to a sizc of

10 w, ot vhich the upper 8 m. showed almost the same temperaturs at around
20°, Also with this series of investigations the cladocerans and lMesocyclops
were limited to th@50 api1imnial zones, 50 that their migrations cannot be
definitely esteblished with the net. In addition it come »bout that — cansed ;
mainly by ocurrents dependenf on the wind - during the nignt double to five- N
fold'thiqkness sriounts were found compared with the day mevies. In any césé.

*

the deily maximom with the cladocerans lay between 5 and 10 m., in the night,

CYCLOPS ASYSS. PRAE.

Abb, 3: 30. Juli 1963
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however, botusen ¢ and 5 metres. The pbpulation bfﬂﬁesocyclows, numcricallj-
veak ot this time, was divided proportionately duriag ths day in the ﬁpper
15 m., but ot night collected complotﬁly in the epilimnion, the zone betvcen
10 znd 15 m. was thus completely deserioed. '

A definite migreotion was again cbserved =ith Cyvclons :byssorum-praemlpinus,

'which during the dnay lived extengively beneafh 20 metres; the maxima of

toth age groups lay between 20 and 30 metres. Arvound ‘midnipht the animals

had atinined a high naximum with relatively large mmbers in thickness betueen
10 and 15 m., while espeoially'with the Gopepodidao thé zone below 20 metres
wag now herdly inhabited. That the uppefmost 5 metres should.contain only

feuw Cyclopidae should be attributed probably fo the "midnight decreage®
(Sieback 1960) in the starry and moonlit nighf, ' R

An equelly definite vertical migration was also determined for.EudiaEtomus

-ggaoilis, which ghowed only small numbers for thickness, and which during

the doy reached their mexinum in the layer botween 15 end 20 metres; fthe.
upper 10 m. contained only a feow indiﬁiduals. In the night*now-the adult .
animalsg especially ﬁad collegted in the upper'lo M., the zona.below 20 metros

was completely desowxted. Like Cycbops, Zudiaptom:s gracilis therefore algo

. Ty . . - e asm : o}
overcame the thermocline and with this a temperature difference of 10-15". .

d. With the serics on August 5th, as is froquently the case in.the_Obxersea,
no genuine epilimnion formed with a therwmocline lying beneath it, dut the
temperature decreased proportionately from the surface to around almost 30 m. 
For this reason the crustaceans were not narrovly stratified, but were disé_;.
tributed opvcr largcf ranges in é vertical spread. The day series were made
under a choudless sky betveen 14 and 16 hours, the night prﬁfile ander

bright moonlipht betwesn 22 and 24 heurao.- Tt should alsc be observed hers

1Tant with some forms, sinzing boad alrecdy begun again, and go these differences

connnarel with the whole -molitude of migrction should be nenlected. .

The diwrnal distribuiéon of the Daphnia popnlation (D. longispine hysling -

shiaye

and golecta) (Wig. 4){the difference due to age in the vertical stratification.

Wiile the adult oaiwmals lived predominantly between 5 and 15 nmetres, the
roung daphnia mreferred the upper metres in the afternoon, which then in

the night contzined almoot $000 young per cu. m. The adulisz also at this
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time Lad risen un to the surfaoce layers (about 4000 snimalds/ou. m.) and had
almost degert«d the sons hetween 10 and 1% m. 4 precisc statement ig of
source only possible with ithe cladocerans, and just with puwan cotches. The

raprosentation in Wig. 4 accordingly considerably blura The rnetuwal situstions

so durdig the day the zona wes doubtless direotly bencath the surface,
thue the uppermozt 50-100 em. were nractically frse of zooplonkton.
fiie large predatory clodocerans Leptodors kindii and Dythotrephes

longinrnus sought out greater depths during the day then Daphniay above

all Lythotrephes showed the highest density values between 15 and 20 m.,

Lentodora stcod somevhat higher with the centre of gravity at 5 to 15 metres. -

Tn the night both species wimix evidently migrated upwards, Leptodoras

especially reached voalucs of at least 300-400 animals per cu. m. Bybthotrephes
hed likewise removed ite living depbh to the upper 15 metres, the inhabited '
zone of the maxisun formed during the day was extensively deserted.

Among the cyclopids the warmth-loving Mesocyclovs louckarti had approached

the temperature curve in its doytime distribution,'only the adult animals
svoided somclihgat the uppermost layers (here also the graph (Fig. 4) Showé'
the average density of tihe upbﬁrmost interval for the net). 1In the nighf,
hoever, both age groups migrated upwards, whers théy ocoupiod the 0-5 meﬁfes
layer in their dverwhclming guantity. | . '

Pudiaptomus gracilis, on the other hand, was during tke day already in

decper layers, the adulis and the dopapddidsq lived mostly betﬁe&n 15 and 30
netres, and so at. temperaiures of undér_lOHIZO. The occurrence of vertical
“migrotions in the night was then very surprising, as the adults especia11y'
populated the upper 10-15 méfres vhich they'avoi&ed during the day. The
copepédidd& 2lso attained a sginmilar performance, in which the Tirst stages
vwers distributed aore over tha wholc water column, without  the devéldpmant-
of 1he anxima found with the oidgr copepodidac. Ghvibusly their.ability to
Cswim was 8till $oo suall For them to be able to completc a wniform migration.
ﬁ.graat impression was made in tarn by the Vertioai'migration_of Cyclong:

abyssorum proealpinus, which in the afternoon attuined large density numbers

of beotueen 25 and 40 metres; the upper 15 m. were practically free of Cyclops.
In the nidnight series the lsyers between 10 and 15 metrés were moptdme

strongly popilated; betwoen 5 and 10 netres at léast several hundred animals

1
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Per ou. . vore oncountbered.  Amongst the copapodidS; there were dominpnt -
cg ig the rule din cummer (Binsle 1964) - the older copepod utmpcq by far
go thnt Ths digtrilntion pictures for a1l age grouns appearsd guite sinilar.

The Flew nrimaay o

e

ot land 11ﬁew13e nigrated in a vertical direcction.

and dhorehy coampleted differsnces in depth of a2t least 15-20 netrea.

&e Mith the lazt serdies of the yesar 1963, on Oct. 11th the ﬁatar temperature

fcil finnlly '20ﬂ=1ﬂ0 5§ 14 on the surface pfoyortidﬁaté&y bo 4.00 at a depth

of 50 m.; thus no form of thermocline was reoognisable. Above o lake depth

of =hout 100 metres o pump and net series was éarricd out hefore Staad

in the ofternoons (14-16 hours) in guﬂny weather, and zimilerly at night

_(21.15~22.30 hours). Aaﬁiéﬁét%low of wafer_indicated a certoin restlessnéés

in the bodj-of vaber, wihich was then also reflécted'in the numéribal valunes,

sinbc in the night double to threefcld amounts of plankton were found (F1g. 5).
The net cotches produced for the cop&podidgg a day depth of batween

10 ~nd about 30 metres, and only Cyclops sbyssorum pra gealpinus was Pl“ﬁ.t0 

be found in docper layers. The population of llesocyclops at thlg time conw .
. sisted svbgtontislily of oider ooéepod stages, the number of adult animals
was decrensing strongﬁy. As this age compogition was alrea&y tending +towards
the winter stapnaticn of develonment (Rinsle 1968); the prefefenbe for '
uarmnth of this generation was not 50 highkly pronounced as in the carly
WAL » ' ' o

A1) three Spécies'carrie@ out very impressive mlgratlcna by day, leadlng
to omall maxima in the unper 5 to 10 metres. From thP oump series, Jthh
enalysed the upper 20 m. yet wore minutely, it can bex seen that these accnm~'
‘unlations lay in 2 dept h of 1 to 2 Tioy only the aduit'&iaptomidae_wérevfound .

immedintely below the surface. Again, the behavionr of Syclons abysgorum

wng very conspicuons;  during the daﬁ it was practically Completely lackiﬁg
in.thu wopermont jO metres, in the nigft, however, it lived ﬁrefcrwbly.just
there. In this cas. also the anplitude of m1pr“110n is very noticeable from
20 to BO-metrns, although the temper phkie dlfferenoe was relatively snall.
(6-7°%). I
' The rmuabers of tiw oladooeran@ on Gct. 1llth were.decrea 31ng strongly,

=0 thot oo granh dll{rﬁt Yo DOAS ble onlv for Danhnia (vounr and adult Lnlnnlb)

e -
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Thé maxinaum ot & denth of betwiéen 10 énd 15 mefrés Wa s leo riaintained during
the night, only a saall part of the population migrated in the Qircotion of
tihe surfroce.  This corresponds to the general experience, that the intansity
of the aigration ﬁy Gy decroases with the subsidence of & vearly cycle op

the dyving-out of o geanerntion. |

In the pump tests a migration ~ if slso trifling -~ of nauplii was in

'addition indicenteds  the density of 3000 nauplii/éu. m. lay during'the'day.-

2t o depth of 5-6 m;, while at nighi, however, it lay direclly below the
surfnogi-whare in turn no nzuplii were found by day. Likewise the horison

of 12,000 nauplii/éu. m. from = depth of:Q me. by day Fexrixoax had been femovéd'
to 5 m. by night, no that an amplitude of migratiqn of  the neuplii of about
45 metres can ke considered - a thoroughly remarkable a2chicvement irith the

small sizne of these stages.

Discussion and conclusion.

The Tive series of investigations, in spite of the afore-uentioned
reassrvations akuut the insulficient ccouvraxcy of the neﬁ.catches,'gaﬁe )
cleny Hictare of +he day nigroations of the planktonic crustaceans in the
Bodenseemﬁbersde;' Yitthout at this point poing into 3'diScussion of the
wholes phenomsron, from which there has afisen alrca@f a quite sxtensive
liter-turs {Jushing 1950, Ringelberg 1964), a survey of the migratory behaviour
of tlic Bodensee aninals should be made in on exclucively descriptive_mann&r, |
espacially in Qrder $0 guin 2 ¢learer céncepfion_of the ampliindes to be
ex‘ectéd.' Knowledge obout the daily completed animai'differances, iﬁOludiug ;
tenperature, is of the grestest significance just for the analysis of thex
population dynamics (%lster 1954), for sxample in determining in situ the

exertiong and the speeds of development of the plankiton-living population.

According to tho depths normally occupied by day, the orustacesans

(21rdocarans, lesocrclang, Upclops vicinus) liking mostly in the epilimnion

are fundementally different from the forms oreferring the metzlimnion.

(fudiantomus sracilis) and the hypolimnion (Uyclops cbyssaram). As has

alpeady been mentioned in an earlier publication (Binsle 1967),.the individual

consernences of the migrutions are of the highest dignificonce for the
different anecies. Th: forms living in the light-receiving opilimnisl zones

I .
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evidantly geak to obtain the illumination preferred in the day through
Cewinaing npunrds;  ¥hey reach the surface of the water bsfore or with the
onzet of dusk and beiin the "midnight sinking® guite scon. The amplitudes
of ndsretion of thaese gronps ore obviously smaller then those of th& renaining

crustacenng, about that of urcloﬁg asbyssorum prasalpinus, which durlng the

tvy lives in cguite dark layers of water.

These somevant speculative discussions of course do not pay atfchtion
to the fact thot iijis_hot the endeavours. of the animals io obtain a char—
coterisifically optimum light condition alope which sets off the vértical
migration. Thore is widestead ignorance about the influence of the lengﬁh:
of day, the range of temperaturé variation and above all_the biological ly-
conditidmﬂstate of a population, whether it stands therefore 2t the end or |

at the beginning of a generation cycle. These guesiions cannot be solved
Swithout grenter mxmradiimiul ctpendlture on 1nve3ulgatlon -

In contlusion therefores it must be determined for the nbznktonlc
crustnceans of the Obersce, that all species make daily mlgratlona at least
from s ring to- 1utunn, wgloh can constitute only o few metres or, however,
aleo distencoes of 30-40 netres dcpdnding on the specific daily depth.

1L, The ¢l doccran ‘Danhaia hyalina, Daphnia bnla i3, as-Well agz the

osminddnﬁfjfllve preferably in the epilimnion, so thet their migra vbiong

do not nttain very lnrge'diménsions. 'Leﬁtddora nd Bytnotrenhuu do however '
stoy comerhat deepor during the day, although thelr dens 1ty nunbers. are
mozstly too emall to verify the migration. .

2. Of the copepodldae esoqyclops leuckarti  and {yclops vicinus likew

wise live in the upper layers of ithe water, and show, however, qenerally
definite migrations. CA the behaviour of the numerically very weak sunsier

goncration of Cyclops vicinug no certain evidence gan be obtaineds

-3, Eudiﬂptomus_gracilisi Darticularly with the males, very clearly

comnletes relatively large vertical distances in a short time; “the animals.
anoenT mo«tlv directly beneath the wa ter surface *}rehdy in the ev&nlng
dusk, and then hovever sboln gink backx little below.

g :1taont doubt the most impressive migrations ere observed with G“clons '
-——m—v«&-—m -

2Ly nsorum prucnlplnu p@OlAllJ in sumﬂer and “utuﬂn, when the nopulntlon
reaking during the day st a depth of 30-50 metres, in order to arrive at

high maxima in the night betuween ocbout 5 and 15 meires.
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