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Aus dem Institut fiir l\!Ieereskunde an der Universitat Kiel 

Diurnal and seasonal variations in the Near.Bottom Fauna 

the hyperbenthos - in one of the deeper channels of the 

Kieler Bucht (Western Baltic) 

lVAR H. HESTHAGEN 

Summary: This ,vork is based on 63 samples obtained by Beyer's 50 cm epibenthic closing net 
and 43 vertical hauls with a 70 cm Hensen-net from December 1969, and March, June and November 
1970. The depth in the sampling locality, Vejsniis Rinne, varied between 28 and 32 meters. Only 
abundant and particularly interesting species and animal groups have been treated here. 

Seasonal variations were studied in the cumacean Diastylis rathkei, some mysids, the euphausid 
Tl-i:]1sanoessa raschii, the decapod Crangon crangon, the chaetognath Sagitta elegans and in some fishes. 
During winter there are, relatively, a higher number of species (including some rare ones), as well 
as of individuals. This may partly be ascribed to a stronger inflow of water from th� Kattegat in 
winter, and partly to seasonal horizontal migrations in the animals. It is furthermore apparent that 
by the present sampling method a larger fraction of the more vagile near-bottom fauna is collected 
than by more conventional sampling techniques. 

The diurnal variations in the hyperbenthos were studied in benthic as well as some pelagic groups 
of animals. Based on the results, it is possible to recognise at least three main patterns of vertical 
migrations in the hyperbenthos: 

A. The relatively few pelagic animals found stay just above the bottom during the day. They leave
the region sampled by the epibenthic closing net (i.e. from the bottom to about 80 cm above it) 
about sunset and stay away until the next morning when they reappear at this level. 

B. Some of the benthic animals at certain seasons or developmental stages are sparsely represented 
in the epibenthic closing net samples during clay. The catches are increased at dusk, but decrease 
again later in the evening. In the morning the animals appear once more in the hyperbenthos, only 
to disappear again after sunrise. The reduced number collected around midnight is either due to 
midnight sinking, i.e. the animals burrow in the sediment and thus avoid the epibenthic net, or the 
animals ascend above the level sampled by the net. This last pattern is particularly found in juveniles 
and in gravid females. 

C. The majority of the migrating benthic species seem to come sufficiently far off the bottom 
to be caught in higher numbers in the epibenthic closing net during the dark hours. They are often 
considerably less numerous throughout the day. 

The value to an animal of performing diurnal vertical migration has been briefly discussed. It 
seems possible that some of the more important demersal fishes in the area are able to exploit the 
migrating animals as food, particularly at dawn and dusk. 

Tagesperiodische und saisonbedingte Schwankungen der bodennahen Fauna, des Hyperbenthosr 
in einer der tiefen Rinnen der l{ieler Bucht (Westliche Ostsee) (Zusammenfassung): Diese 
Arbeit beruht auf 63 Proben, die mit dem Beyer-Schlitten-Netz (Beyer's 50 cm epibenthic closing 
net), kurz BSN, genommen wurclen, und auf 43 Proben aus Vertikalhols mit einem 70 cm Hensen-Netz. 

Die Probennahmen erfolgten in den Monaten XII 1969, III, VI uncl XI 1970 auf einer Station 
in cler Vejsnas Rinne aus Tiefen von 28 bis 32 m. 

Es werden nur haufig vorkommende und besonders interessante Arten und Tiergruppen behandelt. 

J ahreszei tliche Sch wankungen wurden bei Diastylis rathke i ( Cumacea), einigen Iv! ysidacea, Thysa
noessa raschii (Euphausiacea), Crangon crangon (Decapoda), Sagitta elegans (Chaetognatha) und einigen 
Fisch.en untersucht. 

Im V\Tinter finden sich Indivicluen und Arten (einschlieBlich einiger seltener) in grof3eren Anzahlen 
als im Sommer. Das kann dem starkeren Einstrom von Kattegatwasser und den jahreszeitlich bedingten 
Horizontalwanderungen der Tiere zugeschrieben werden. Es ist weiterhin klar, daB durch diese 
Iviethode cler Probennahme ein groBerer Anteil der beweglicheren boclennahen Fauna gesammelt 
wircl als durch konventionelle Techniken. 
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Die taglichen Schwankungen im Hyperbenthos wurden bei Tiergruppen benthischer und pelagischer 
Herkunft untersucht. Auf Grund der Ergebnisse lassen sich mindestens drei Hauptmuster der Vertikal
wanderung im Hyperbenthos erkennen: 

A. Die relativ wenigen Tiere aus dem Pelagial halten sich am Tage kurz iiber dem Boden auf. Sie
verlassen den <lurch das BSN befischten Bereich (vom Boden bis 80 cm dariiber) um Sonnenunter
gang und kehren am nachsten Morgen in diese Schicht zuriick. 

B. Einige der Tiere aus dem Benthos sind zu bestimmten J ahreszeiten oder wahrend bestimmter
Entwicklungsstadien kaum in den Tagesfangen des BSN vertreten. Ihre Anzahl nimmt wahrend 
der Dammerung zu, fallt aber am spaten Abend wieder ab. Am Morgen erscheinen diese Tiere 
wieder im Hyperbenthos, um nach Sonnenaufgang wieder zu verschwinden. Die geringe Anzahl 
in den Fangen um Mitternacht ist entweder auf ,,midnight sinking" zuriickzufiihren, d. h. die Tiere 
graben sich im Sediment ein und werden so nicht vom BSN gefangen, oder sie steigen in eine hohere 
als die durchfischte Schicht auf. Letzteres wurde z. T. beiJuvenilen und triichtigen Weibchen gefunden. 

C. Die Mehrheit der vertikal wandernden Arten des Benthos scheint hoch genug iiber den Boden 
zu kommen, um in groBerer Zahl wahrend der Dunkelheit im BSN gefangen zu werden. Am Tage 
treten sie oft in deutlich geringerer Zahl auf. 

Der Nutzen der Vertikalwanderung for die aufsteigenden Tiere wird kurz diskutiert. 

Es scheint, daB die wichtigsten demersalen Fische fahig sind, die wandernden Tiere als Futter 
auszunutzen, besonders vvahrencl der Dammerung. 

Introduction 

The water-bottom boundary region, the hyperbenthal, i s  by  far less investigated than 
both the adjacent biotopes, the pelagial and the benthal. The main reason for this is 
probably the difficulties in obtaining good samples from this boundary biotope. Another 
reason is definitely a general underestimation of the significance of the hyperbenthic 
life, which may include special concentrations of plankton in addition to those organisms 
for which the hyperbenthal is the proper habitat and a variety of animals that are 
related to the substratum in one way or other (cf. BEYER 1958). 

A number of attempts have been made to reveal the secrets of the hyperbenthal for 
which a variety of more or less successful gears have been designed ( cf. BossANYI 195 7 
and lVlACER 1967 for reviews). The equipment employed in the present study, the 
BEYER's 50 cm epibenthic closing net (HESTHAGEN 1970), was designed to meet most 
of the demands regarding the problems of sampling, such as fishing only when towed 
along the very bottom and measuring the volume of water filtered or the distance towed. 
This gear has been used on several occasions for a long time, mainly in Norwegian 
waters and has proved most useful, at least in relatively sheltered, coastal regions. 

The idea of the present investigation originates from a study during the German 
Seamount expedition to the West African coast in 1967 (HESTHAGEN 1970), which 
revealed an obvious need for more detailed and systematic studies into the behaviour, 
particularly in relation to light, of animals living on or close to the sea floor. It has long 
been known that animals living in the vicinity of the bottom or on the bottom do under
take diurnal vertical migrations (see for instance RussELL 1925) and that some of these 
animals may ascend even to the surface (SARS 1900). The area of the present investigation 
seemed almost ideal for the study of diurnal vertical migrations in near-bottom animals, 
since one of the most important factors which might interfere with the light the 
tides - are almost neglectable in this region. 

Materia l  and m e thods 

The  s ampl ing  m e th o d  

All the material collected along the bottom was obtained b y  means of BEYER's 50 cm 
epibenthic closing net ( cf. HESTHAGEN 1970), which was towed along the very sea bed 
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at an intended speed of approximately 1 knot for about half an hour. The net is mounted 
in a steel toboggan and equipped with a flowmeter. Through this flowmeter one pressum
ably gets a fairly good expression of the amount of seawater which passes through the 
net opening during towing. Clogging was never observed, even though considerable 
amounts of sediment were now and then collected. The mesh aperture of the net was 
always 500 fLm. 

Samples were obtained every two hours during at least one 24 hours period, except 
for the hours around sunset and sunrise when three or four samples were taken in suc
cession at one hours intervals. All the samples were preserved in 4% neutralised formal
dehyde. 

In connection with the toboggan tows, vertical hauls with a 70 cm HENSEN-net (BARNES 
1959) of 500 (J,m mesh aperture were made. This net was not employed during the first 
cruise, so, unfortunately, no information is available on the plankton of the water column 
above the level of the toboggan on that occasion. The HENSEN-net sampling was in
cluded only for a qualitative comparison with the toboggan samples, as any direct 
quantitative comparison between these two gears would hardly be possible. However, 
the samples taken by the respective gears can be compared inter  s e. The main use 
of the HENSEN-net samples in this context will be to see if the animals fished by the 
bottom net for instance during the day are found higher up at night, but only a limited 
use has been made of these samples. 

Three vertical HENSEN-net hauls from the vicinity of the bottom (varying between 
28 and 25 meters) to the surface were taken immediately succeeding a toboggan net 
sample. These three plankton samples were lumped and preserved in 4% neutralised 
formaldehyde. 

Data on temperature and salinity were collected d1..fring each cruise. During the 
first cruise in December 1969, water samples were taken by means of NANSEN-bottles 
with reversing thermometers. The same equipment was used on the Niarch-cruise in 
1970, but in addition a bathythermograph was used to measure the temperature. During 
the remaining two cruises, in June and November 1970, a portable salinity-temperature 
bridge, model NIO (manufactured by Electronic Switchgear Ltd., London) was employed. 
(The hydrographical results are presented in Figs. 1 and 2). 

It would be appropriate here to discuss the sampling by the toboggan net somewhat 
closer. This equipment is designed to collect the real near-bottom plankton, the hyper
ben thic  p lankton,  quantitatively to a fair extent. One difficulty in  this connection is, 
however, to establish which organisms were found hovering in the water just off the 
bottom and which ones may have been located in actual contact with the substratum. 
Regarding the organisms bound to the topmost layer of the sediment, the e p ibenthos  
and the upper endo benthos (the latter depending on the looseness of  the mud), 
these are certainly not caught quantitatively, but may nevertheless be regarded as 
being collected in a certain proportion to the animals occurring on the bottom or in 
the topmost layer of the sediment. The toboggan samples may be said to be represen
tat ive ,  which means that by repeated hauls of equal length under the same condition 
and on the same locality, about the same number of epibenthic organisms are collected. 
The number of these must be assumed to be significantly correlated to the true number 
of epibenthic organisms found on this particular locality (BEYER and VERSVIK 1973). 
Deep burrowing endobenthic organisms are rare in the toboggan samples. 

The results obtained may be used quantitatively without much further precautions 
for the hyperbenthic organisms. This, however, is not true for the epibenthic ones and 
the endobenthic organisms from the uppermost layer of the sediment. The number of 
these organisms, being correlated to the amount of mud scooped off the bottom, varied 
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from sample to sample, depending mostly, I think, on the weather conditions at the 
moment of towing, but also to a certain extent on the towing velocity. It was not always 
possible to advance with an appropriate speed, and by too fast towing less sediment 
would be collected (HESTHAGEN 1970). By adverse weather conditions, like strong wind 
and heavy sea, the amount of mud in the samples would be greater than by calm weather 
conditions. Consequently, when discussing the results for epibenthic (and endobenthic) 
organisms, one has to consider the amount of sediment in the samples. This, on the 
other hand, is not easily done because the sediment consists of a mixture of fine mud 
and decaying plant material. And in this, quite a number of organisms (smaller ones) 
may be concealed. l\liuch of the finer mud was certainly washed out during hauling 
in, depending upon, among other factors, the by-catch of algae. Establishing the amount 
of sediment would further demand that all organisms in the sample be sorted out, which 
would not be possible within a reasonable spell of time. The amount of sediment was 
therefore estimated just superficially and subjectively. 

In this way an increase of sediment collected was observed from sample to sample both 
during the cruise in December 1969 and that in March 1970, whereas no such increase 
was noticed in June and November 1970. An increase of the amount of sediment in the 
June samples from the first to the last sample, can be ascribed to the large number of 
juvenile Diastylis sp., which could not be sorted out of the sample. The increase of these 
animals may furthermore be ascribed to the fact that the toboggan was towed at a 
lower speed than previously. When these data are correlated to the agitation of the sea, 
a good agreement is found. In December 1969 and l\liarch 1970 there was an increasing 
wave size from the start to the end of the cruise, whereas the conditions in June were 
stable, i. e. dead calm. In November the wind force decreased from about 8 Beaufort 
at the beginning of the cruise to 4-5 12 hours later, and varied between 3 and 5 during 
the rest of the cruise. 

The varying amount of sediment is particularly reflected in the catches of the cumacean 
Diastylis rathkei and causes difficulties in discovering possible vertical migrations in this 
important crustacean. This is further discussed in a following section. 

T h e  sort ing o f  the  samples  

The bottom net samples were immediately upon recovery freed from any by-catch 
of seaweed and kelp by washing the algae in an ample volume of water, which later on 
was filtered through a plankton net of 405 t1.m mesh aperture. Furthermore, all specimens 
of Asterias rubens were picked out, counted and thrown overboard. 

Back in the laboratory the samples first of all were washed to get rid of finer sediment. 
To facilitate this rinsing of the samples, an automatic washing arrangement for muddy 
samples, developed at the Institute of marine biology, University of Oslo, was employed. 
The instrument used is a commercially available MUL TIFIX 1/10 HP electric motor, 
equipped with a ball mill (,,Walzenantrieb"). The glass lid of a wide-necked bottle 
containing the sample was replaced by a piece of 500 t1.m bolting cloth. The bottle was 
then placed horizontally on the mill cylinders and a fine jet of tap water was directed 
into the bottle through the bolting cloth. The cylinders were then rotated, very gently 
to avoid destruction of the animals in the sample. With a gear 1: 36 on the motor, 15 
minutes at a speed of about 20 rpm was sufficient to wash these samples. In samples with 
finer mud a longer period of time, say one hour, is necessary. 

After washing of the samples a preliminary sorting was undertaken by sorting out 
larger organisms. 

The rest of the sample was divided into sub-samples by means of a plankton divider, 
"the whirling vessel", described by WrnoRG ( 1951). Ordinarily one or two tenths were 
counted, but if necessary further subdivision was undertaken. 
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The s a m pling s t a tion  
All the samples for  the present investigation were obtained from Vejsnas Rinne, 

and a depth of between 28 and 32 meters. This station is located about eight nautical 
miles south of the Danish island Aero in one of the deepest channels of the Kieler Bucht 
(Fig. 3). The station is situated close to the main entrance of Kattegat water into the 
Baltic, which is through the Great Belt and between the Danish isles Langeland and 
Lolland (WATTENBERG 1949). According to KREY (1961, Abb. 1) one branch of this 
inflowing water turns to the east into the Baltic Proper through the Fehmarn Belt, 
while another main branch continues southward and a third turns to the west. Through 
this ]ast branch the station investigated, Vejsnas Rinne, will get a more or less constant 
supply of more saline water. This is reflected in the salinity of the bottom water at this 
station, which from about 10-20 meters and downwards is very often markedly more 
saline than the surface water (Fig. 2). The variations in transport of Kattegat water 
will inevitably ]ead to finds of atypical species to the Kieler Bucht. KDNNE (1937) named 
these species "Fremdlinge" (Strangers), and this occurrence of species which originate 
in the Kattegat (�nd/or the Baltic Proper), classifies this area as a "transitional area" 
( cf. SEGERSTRAAL])": 195 7). 

PETERSEN (1918) classifies the bottom community of this area and depth as "Abra alba -
community", with or without Eclzinocardium cordatum. The crustacean most frequently 
found by PETERSEN on this bottom was the cumacean Diastylis rathkei. The same was 
true in the present work. 

The sediment in this region consists of "sandiger Schlick" - sandy mud - (KDHL
MORGEN-HrLLE 1963), but with a large proportion of decaying plant material. According 
to SCHWENKE (1964), the bottom in these depths of the Kieler Bucht is not covered 
with attached algae. The numerous specimens of kelp and seaweed so often found in 
the net are supposed to have been drifting along the sea bed or carried to the place by 
currents and settled. 

The choice of the sampling station was in the first place based on the bottom current 
system in the Kieler Bucht. Only one station was chosen in order to make full use of 
the available ship's time. A greater area of the Kieler Bucht was searched to find suitable 
towing stretches, and Vejsnas Rinne was found to be almost ideal in this respect. The 
locality is also a very important area for commercial trawlers and as such ideal for the 
toboggan. Furthermore, Vejsnas Rinne is almost always included in the station grid of 
marine biological and hydrographical investigations in the Kieler Bucht, a fact which 
might be of great importance. 

Mater ial 
A total of 63 bottom net samples form the base for the present work. The distribution 

of the samples on the different cruises appear from Table 1. The samples which are 
regarded as inadequate in one way or another are done so mainly because of unsuccessful 
closing of the net as a consequence of heavy sea. A couple of samples are excluded because 
no trace of sediment was found in the sample. In the latter cases the towing speed was 
found to be too high. 

From Table 1 it appears that during three of the cruises vertical plankton samples 
were obtained by means of a HENSEN-net. These samples are regarded in the present 
text only when contributing to the interpretation of the toboggan net samples. 
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Table 1. The  distribution of toboggan net  samples  a n d  Hensen-ne t 

s amples  o n  the  dif f e r e n t  cruises. 

Total number of Number of accepted Number of 
Cruise (Date) toboggan samples toboggan samples Hensen-net samples 

16-17 Dec 1969 17 13 0 
18-19 Mar 1970 16 13 14 

18-19 Jun 1970 18 14 13 
5- 7 Nov 1970 28 23 16 

Res ults  a n d  discussion 

General remarks 

The different specimens in the present material have been identified as far as this 
has been possible and feasible within a reasonable spell of time. Not all groups have 
been worked down to the species level; some were lumped together in smaller groups. 
This applies to the calanoid copepods. Some groups have deliberately been neglected 
for different reasons. Among the more important of these groups are above all the 
polychaetes, the molluscs and the echinoderms. All these groups are more typically 
epi-and endobenthic than the groups treated, and as such are not supposed to be of 
any great significance within the scope of this paper. Table 2 must consequently not 
be read as a complete list of species, but rather as a list presenting interesting, numerous 
and conspicuous groups and species. The table furthermore presents most of the crusta
ceans and fishes found identified down to species. 

Seasonal variations 

The majority of the species are represented by very few individuals only, and it would 
not be realistic to discuss the seasonal occurrence of these species any closer. Some of 
the species are, however, abundant and exhibit interesting features that are discussed 
below. 

Cum a c e a  

Of the three species o f  cumaceans found i n  the present material, only Diast)'lis rathkei 
(KROYER) is found abundantly during all four cruises. This cumacean is indubitably 
a very important food organism for many fishes in the area, which is reflected in many 
works on the food of commercially important fishes (the cod, the plaice etc.) as well 
as fishes of lesser value as food for man (e.g. the dab) ( cf. HERTLING 1928; BLEGVAD 1930; 
ARNTZ 1971 a, 1971 b). 

D. rathkei, or D. r. tyjJica, which according to ZIMMER (1933 a) is the form found in
the Baltic, lives for only one year in the Kieler Bucht (KRUGER 1940). Older works on 
this species describe the male as very rare, a fact that STEPHENSEN ( 1910) explained by 
a shorter lifetime and/or a higher mobility in the male. According to KRUGER, the 
males of this species in the Kieler Bucht seem to die after having fulfilled their duty to 
maintain the existance of the species, whereas the majority of the females live a little 
longer, and some of them survive to produce a second brood. The breeding takes place 
in the winter following fertilisation of the female in October/November. The female 
carries the embryos in the marsupium for about three months, the duration depending 
mainly on the temperature in the surrounding water (KRUGER, l. c.). The first young 
ones are released from the brood chamber in the end of January and the "hatching" 
culiminates about March. l\!Iaturity is reached in October/November. In accordance 
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Table 2. The seasonal occurrence of different species/animal groups in 

the samples o btained by Beyer's 50 cm epibenthic closing net 

in Vejsniis Rinne. Each number in the table represents the mean 

number of individuals per 100 m3 seawater filtered for each cruise. 

Sampling date 

No. of samples 

Total volume filtered , m3 

Coelenterata 
Sarsia tubulosa . 
Eutonina indicans . 
Rathkea octopunctata 
Aurelia aurita 
Cyanea capillata 
Lucernaria quadricornis 

Crustacea 
Cladocera 
Podon sp .. 

Copepoda calanoidea . 

Cumacea 
Eudorellopsis deformis . 
Pseudocuma longicornis . 
Diastylis rathkei, adults 
Diasrylis sp., juveniles 

Mysidacea 
Gastrosaccus spinifer 
E1ythrops elegans . 
lvlysidopsis gibbosa 
Leptomysis gracilis 
Mesopodopsis slabberi 
Hemimysis lamornae 
Praunus inennis 
J\!lysis mixta 
Schistomysis ornata 
Schistomysis spiritus . 

Isopoda 
Idotea baltica 
J\!Iunna sp. 

Amphipoda 
Hyperia galba 
Pontoporeia jemorata 
Phoxocephalus holbolli 
Amphilochoides serratipes 
Metopa borealis 
J\!letopa pusillus 
Monoculodes subnudus 
Apherusa bispinosa 
Dexamine spinosa . 
Gammarus locusta 
Gammarellus homari 
J\!licrodeutopus g1yllotalpa 
J\!licrodeutopus propinquus 
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16-17
Dec 
1969

13 

3150 

55 

487 

0 

88 
2 

+ 

+ 
16 

+ 
2 

10 

+ 

+ 

+ 

+ 
12 

+ 

2 

+ 

18-19
Mar 
1970 

13 

2530 

+ 

+ 

955 

+ 

690 
6963 

69 

+ 

+ 

2 
21 

+ 
6 

2 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

18-19
Jun
1970

14 

3020 

88 
+ 

+ 

+ 

+ 

+ 

119 
1154 

+ 

203 
25630 

+ 

+ 

21 

+ 

+ 

+ 

+ 

+ 

+ 

5-7 
Nov
1970

23 

5765 

+ 

630 

+ 

+ 
294 

0 

274 

+ 

28 

+ 
5 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+



Table 2 ( continued) 

Sampling date 16-17 18-19 18-19 5-7
Dec Mar Jun Nov
1969 1970 1970 1970

No. of samples 13 13 14 23 

Total volume filtered, m3 3150 2530 3020 5765 

Amplzithoe rubricata . + 
Corophium crassicorne + + 
Corophium bonellii + 
Dulichia monacantha (d'd') + 3 3 + 
Dulichia sp. (��& juv,) 3 2 + 
Phtisica marina 4 4 3 + 
Caprella linearis + + 
Aegina echinata + + + 
Unidentified amphipods + + + + 

Euphausiacea 
Th;ysanoessa raschii, furcilia + + 

Decapoda 
Crangon crangon, adults 22 7 2 48 
Crangon crangon, juveniles + 13 

Pagurus bemhardus, adults + + 
Pagurus bemlzardus, larvae + 12

Pantopoda 
Nymphon grossipes + + + + 

Chaetognatha 
Sagitta elegans 130 172 241 5330 

Pisces 
Clupea harengus, larvae + + + + 
Clupea sprattus, larvae + 
Siphonostoma typhle + + + 
Ammod_ytes sp., larvae + 
Agonus cataphractus . + + + 

Rhinonemus cimbrius, adult . + 
Onos sp., larvae . . . + 
Pomatoschistus minutus . 6 + 11 
Pomatoschistus microps + 1 
Gobius niger + 
Chaparrudo jlavescens + 

Aphia minuta + + 

C1ystallogobius linearis . + + 

Ctenolabrus rupestris . + 
Lwnpenus lampretaefonnis, juv. + 
Liparis liparis, juv .. + 

Pleuronectes platessa, juv. + 
Limanda limanda, adults + + + + 
Arnoglossus laterna, adult + 

Solea solea + 

+ indicates that less than one specimen was found in 100 m3, all the samples collected during the 
respective cruise taken as a whole. 
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with this, we also found juvenile Dias"f:ylis in J\!Iarch and the number increased to 25 6 30 
individuals/100 m3 in J1me (Table 2), i. e. 99% of the total number of Diast_ylis. In 
the table only the genus of the juveniles has been listed, because it is extremely difficult 
to verify the identity of yotmg cumaceans. However, it is very likely indeed that they 
belong to D. rathkei, since no other cumacean is nearly as abtmdant in the Kieler Bucht. 

KRUGER ( 1940) did find a sudden drop in the sex ratio in adult Diast)'lis from 41.8% 
males in  November to  15.0% in  December, immediately following the fertilisation. 
In January the ratio dropped even further to 6.3% males, a ratio which was maintained 
more or less throughout the summer. Even though the observation frequency is not so 

Table 3. The sex r a t io i n  a d u l t  Diast;ylis rathkei at  di f ferent  seas  ons  in the 

Vejsnas Rinne,  a s  r e v e a l e d  by  Beyer's epibenthic c lo sing ne t .  

Dec Mar Jun Nov 

1969 1970 1970 1970 

males 32.8% 27.4% 17.5% 67.9% 
females 67.2% 72,6% 82.5% 32.1% 

high in the present material, it appears from Table 3 that the sex ratio is higher for 
males in the toboggan net samples. The reason for this disagreement should undoubtedly 
be sought in the differences in sampling methods employed. KRUGER used a PETERSEN 
grab and a small dredge equipped with a canvas net to obtain his specimens of D.

rathkei, which do not seem ideal for collecting animals swimming just above the sediment. 
Diast;_ylis is at least part of the time swimming (FORSMAN 1938). Particularly the male 
is very active during the breeding season, swimming around in search for females (ZIMMER 
1933a). In a following section it will be shown that we find diurnal variations in the 
sex ratio, which demonstrate that at certain times of the day we may find that the males 
are dominating the samples. This occurs even at seasons of the year when other authors 
(FORSMAN 1938; KRUGER 1940) describe the female as dominant. Consequently it is clear 
that the present sampling method reveal quite a different sex composition in D. ratlzkei 
than former methods employed, ·which, on their side do not take sufficiently into con
sideration the differences in behaviour of the sexes. On the other hand, the toboggan 
net may capture relatively more males than females, since the male is supposed to 
spend more of its time swimming off the bottom, a region which the toboggan samples 
particularly well. 

The highest number of adult D. rathkei was found in March 1970 and the lowest in 
June the same year (Table 2). This is in good agreement with what is known about the 
longevity and behaviour of this cumacean. We find more individuals in the toboggan 
net samples in J\!Iarch because of a higher activity in the females at this time of the year 
when the embryos are hatching from the marsupium. The females are spending more 
of their time off the sediment, probably to assure a better distribution of the juveniles. 
After this time many adults die off, particularly the males, as mentioned previously. 

Mysidacea  

This group consists of some species which seem to be  rare or  even "new" to the Kieler 
Bucht. According to ZIMMER (1933b) Eiytlzrops elegans (G. 0. SARs), NI)'sidopsis gibboss 
G. 0. SARS, Leptom)'sis gracilis (G. 0. SARs), Hemimysis lamornae (CoucH) and Praunua
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inermis (RATHKE) were not recorded from this area. I have not been able to find any 
later records of these species from the area either, but as they all are living and reproduc
ing in the Kattegat their occurrence in the present material is not surprising. The distribu
tion of these mysids in the Kieler Bucht is probably associated with inflow of water from 
the Kattegat. In most cases it is a matter of single records and must as such not be given 
too much impact. 

As appears from Table 2, the highest number of species as well as individuals is found 
during the cold season. Since the mysids are known to be able to carry out considerable 
horizontal migrations (ZIMMER 1933 b), the higher occurrence of mysids in these deeper 
parts of the Kieler Bucht may be explained by a migration away from the shallow water 
in the winter probably because of the low temperatures there. TATTERSALL (1938) 
ascribed a similar winter maximum of mysids along the bottom off Plymouth to environ
mental factors, probably temperature. Furthermore, those species which originate in 
the Kattegat are most likely to be found in the near-bottom water layer, because the 
inflow of Kattegat water necessarily will penetrate along the bottom into the Kieler 
Bucht. Thus the discovery of rare species is more probable in the toboggan net than in 
other nets sampling the water column above, which have been used previously in the 
western Baltic. The inflow of saltier water into the Kieler Bucht is generally higher 
during the cold season because of an accumulation of water in the Skagerrak - Kattegat 
region, generated by the prevailing winds in the winter (ARNDT 1964). This, perhaps 
together with migration, might be the reason why we find a greater species diversity 
during winter, not only in mysids, but also in many other groups (Table 2). 

The quantitatively most important mysids in the present material are Gastrosaccus 
sjJinifer (GoEs), .iYI_ysis mixta Lilljeborg and .Mesopodopsis slabberi (VAN BENEDEN) (Table 2). 
The highest number of mysids was found in November 1970. The group was then 
strongly predominated by G. spinifer, juveniles constituting as much as 82% of the total. 
(Throughout this context mysids without secondary sexual characteristics developed 
are classified as juveniles. All other individuals are referred to as adults.) G. spinifer 
is very common in the western Baltic and an important food organism to many demersal 
fishes ( cf. ARNTZ 1971 a, 1971 b). In Danish waters breeding takes place in spring/summer 
(KRAMP 1910). Consequently the juveniles found in November 1970 probably were 
the result of a spawning having taken place on another locality in more shallow water, 
because only very few adult G. spinifer were found in Vejsnas Rinne in June 1970. It 
may of course be objected that the observation frequency is not high enough, but, on 
the other hand, oviferous females of G. spinifer were never observed in the present material 
from Vejsnas Rinne. Thus it looks as if this species migrates between a more shallow 
breeding area where it is found in spring and summer, and deeper water where it spends 
the winter. However, it is, according to TATTERSALL and TATTERSALL (1951), regarded 
as a wandering species which may occur in great numbers for a time at certain stations 
and then disappear completely, so the existance of a migration as described needs 
further confirmation. 

Another mysid found during all four cruises is N.Iysis mixta (Table 2), which is common 
over the whole Baltic, especially in the deeper parts (AcKEFORS 1969). It is a glacial 
relic preferring low temperature. Normally it undertakes quite extensive vertical migra
tions, which, however, never were observed in the present material. This is probably 
a consequence of the preferance of low temperatures. In the very shallow Kieler Bucht 
with depths generally less than 30 meters, there would for most of the year hardly be 
any space for vertical migrations without the mysid being exposed to higher temperatures 
than found in the bottom vicinity ( cf. Fig. I). During the first three cruises when 111. 
mixta was fairly abundant (Table 2), the temperature in the near-bottom water never 

125 



exceeded 5 °C. In November 1970 , however, when fewer specimens were found, the 
temperature was approximately l0 °C. AcKEFORS ( 1969) classifies NI. mixta as an euryhaline 
(6-35° / 00) and oligotherm ( less than l0 °C) species, and my observations seem to be in
harmony with his. The salinity at the bottom was during all the cruises higher than 
19 0fo0 (Fig. 2).

In Niarch 1970 most of the females of 111. mixta were oviferous, whereas in June the 
population consisted of 15% juveniles and 85% females without eggs or young ones in 
the marsupium. According to APSTEIN (1906), 111. mixta in the Baltic spavvns in the 
winter, and the male dies after this. 

111esopodojJsis slabberi is another interesting mysid found regularly in the present material, 
save June 1970 (Table 2). This is a typical littoral form which is living more pelagically 
than most other mysids found in this area (ZIMMER 1933 b). This mysid is not known to 
perform regular diurnal migratory movements, as so many mysids do. FAGE (1933) 
states that the observed migratory movements are not the result of regular rhythm nor 
of any light stimulus, but only occur regularly as the direct result of the stimulus of the 
sexual activity, which, in its turn, is directly controlled by the temperature. In the 
present study we never find any regular variations in the number of 111. slabberi in the 
toboggan net samples, although quite considerable variations may be seen. In December 
1969, for instance, the average number of 111. slabberi in the 13 samples was 16 whereas 
the highest number of individuals found in one single sample was 146 / 100 m3 . Extreme 
and irregular diurnal variations like these were not found in any other mysid at any 
time of the year. The irregularity in occurrence of 111. slabberi should probably be attribut
ed to the pelagic behaviour and the remarkable ability to form swarms (TATTERSALL 
and TATTERSALL 1951). In this connection mention should be made of the use of NiesojJo
dojJsis as indication of influx of saltier Kattegat water into the Kieler Bucht. KANDLER 
( 1961) characterises this mysid as an indicator organism of Kattegat water in the Kieler 
Forde, which, in my opinion, means that it must be an indicator also for the rest of the 
Kieler Bucht. Also KDNNE ( 1936) states that 111. slabberi is not an indigenous species 
to the Kieler Bucht, though he mentions that it is regularly found. This seems to be 
the fact also in the present material. The reason why no 111. slabberi was found in June 
1970 may be a migration into more shallow water in the summer and breeding season. 
No oviferous females were found, but in November 1970 85% of the stock were juveniles. 
All stages of 111. slabberi have been found except for females carrying eggs or embryos 
in their marsupia. The recruitment to the stock of .NI. slabberi in the Vejsnas Rinne may 
thus have its origin in two areas; either in shallower waters of the Kieler Bucht, or in 
the Kattegat. Until one of these possibilities has been proved, 111. slabberi should, in 
my view, not be used as an indication of an influx of Kattegat water. The species is 
known to be extremely euryhaline and is found in water of less salinity down to almost 
fresh water (TATTERSALL and TATTERSALL 1951). It was considered a rare species, 
a fact which probably must be ascribed to the almost complete transparency of theanimal 
and its astonishing agility enabling it to elude capture. 

Euphaus iacea  

There are very few records of euphausids from the Kieler Bucht. However, both 
KuNNE (1936) and KANDLER (1961) found juveniles of the species N)ctijJ/zanes couchii 
(BELL) in this area and used these as an indicator for Kattegat water. KANDLER (l. c.) 
mentions that adults were never recorded, which he explains by a higher degree of 
tolerance to the change of salinity in the juveniles. Also in the toboggan net samples 
from Vejsnas Rinne we found juvenile euphausids only, although of another species 
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than in former records, viz. Furcilia V-stage of Tlzysanoessa raschii (M. SARs). They were 
found in June as well as in November 1970 (Table 2). The species has a northern distribu
tion and seems to be a f jord form (E!NARSSON 1945). In some regions it is known to have 
two spawning periods in the year, one in the spring and one in autumn. There may be

similar breeding pattern in the Kattegat. 

Deca p o d a  
The brown shrimp, Crangon crangon (L.), i s  the decapod most frequently found i n  this 

material, and it is as well the commonest decapod in the western Baltic. Its importance 
as food for instance for the cod is well known, particularly from the North Sea (Trnws 
1965), but also in the Kieler Bucht its role as food for the cod has been documented 
(ARNTZ 1971 b). 

The number of Crangon along the bottom at the Vejsnas Rinne shows a conspicuous 
seasonal variation (Table 2) as well as diurnal variations which, however, shall be 
discussed in a later section. We find the densest population of adult Crangon in the winter 
(December 1969 and November 1970). The species is known to perform migratory move
ments between near-shore waters in summer and deeper winter quarters (HAVINGA 
1930; Muus 1967). For instance l\!Iuus describes an emigration from the shores in 0resund 
to somewhat deeper, saltier and warmer water simultaneously with the cooling in 
November-December. However, other factors than the temperature, as for instance 
light, can not be ruled out as controlling this migration. In November 1970, when the 
highest number of Crangon was fmmd in the near-bottom water, the temperature in this 
water was above 10°C and at the surface only slightly lower, about 9°C. (Fig. 1). The 
corresponding salinities were 2l °lo0 and about 19.50fo0 respectively (Fig. 2). These 
conditions should not imply that the shrimp already should have left the littoral zone 
for its winter quarters (cf. Muus 1967). 

According to Table 2, juvenile Crangon were found in the samples only in June and 
November 1970, with the highest number in November. This indicates a summer/ 
autumn spawning in the area. In contrast to C. crangon in the North Sea, the western 
Baltic one spawns once a year, in summer, and lacks the winter breeding period (DoRN
HEIM 1969). The generally lower temperatures in the Baltic area are responsible for this. 

Chaetognatha  
Only one chaetognath species was found regularly in  the toboggan net samples, viz. 

Sagitta elegans Verrill with the highest number in November 1970. This series of samples 
was dominated by smaller specimens. The very few larger individuals seemed to be 
in bad condition, and these may mainly be weak and possibly dying specimens. It is 
generally accepted that S. elegans die after spawning (cf. e. g. RussELL 1932). JAKOBSEN 
(1971) found in the Oslof jord a decrease in average length of S. elegans in the autumn, 
explained by the disappearance of mature individuals at that time. In many areas more 
than one brood is produced during one year, but in colder regions one generally finds · 
only one breeding season, in summer (cf. JAKOBSEN l. c.). To my knowledge, no data 
are available on the spawning of S. elegans in the Kieler Bucht. 

Pis c es 
According to Table 2, the highest species diversity as well as numbers of individuals 

of fish were found in the cold season. The reason for this may be, as mentioned under 
the mysids, either migratory movements away from the more shallow regions in the 
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winter and/or the more intensive inflovv of water from the Kattegat at this time of the 
year. The seasonal variations are particularly clearcut in the gobies, and these fishes 
are known to perform seasonal migrations like those mentioned above ( cf. GrnsoN 1969). 
This phenomenon was briefly discussed in a previous paper by the author (HESTHAGEN 
1971), and here I will only call the attention to the fact that the present material com
plements and supports the view put forward in that context. 

A large fraction of the fishes found are larvae and juveniles. The rest is mainly smaller 
individuals or species, through the specimen of the four-bearded rockling - Rlzinonemus 
cimbrius (L.) - from November 1970 measured 20 cm (total length). 

Momus and HEINCKE (1883) divided the fishes found in the Kieler Bucht in different 
groups based on the occurrence frequency, spawning etc. The first group, "Standfische", 
included those which were found all the year round and which reproduce in the Kieler 
Bucht. The distinction between the other two groups, "seltene Fische" and "Gaste
fische", is not so clear, but they include species which are relatively rare in the area and 
are unable to perform successful spawning there. During a survey in the same area 
in 1965, IvluLLER (1970) drew much the same conclusions as Momus and HEINCKE 
(1883), although the number of species had decreased. 

The following species of the present material belong to the "Standfische": Clupea 
harengus L., C. sprattus L., Siplwnostoma typlzle (L.), Pomatosclzistus microps (KROYER), P. 
minutus (PALLAS), Gobius niger L., ClzajJarrudo fiavescens (F ABRICIUS), Pleuronectes platessa L., 
Limanda limanda (L.) and probably the Ammoqytes-larvae found. The rest of the fishes 
are, according to the above mentioned authors, more or less regularly found in the 
Kieler Bucht. The juveniles and larvae of these are presumably brought into the area 
from Kattegat. The seasonal occurrence of the fishes does not reveal any particularly 
interesting features, but is in good agreement with the observations of IvluLLER (1970). 

Con c l uding  remarks  

In the near-bottom water, the hyperbenthal, we  find relatively many species which 
are not regularly found in the Kieler Bucht. This is, however, not surprising, as the 
hyperbenthos has been poorly studied, not only in this area, but generally. 

Most of the rare species found in the near-bottom water have their origin in Kattegat, 
as for instance many mysids, the euphausids and some fishes. This is a consequence of 
the water exchange system and the ensuing current system. There is an almost continuous 
infldw of saltier water into the Kieler Bucht from Kattegat along the bottom as a com
pensation for the excess of fresh water in the Baltic (SEGERSTRAALE 1957). Along with this 
influx, a number of mainly pelagic species or stages are transported into the area, and 
these have been used to identify the origin of the water (cf. K-0-NNE 1936; KANDLER 1961). 
Because the majority of these indicators necessarily will be found in the vicinity of the 
bottom, the sampling technique employed in the present study will appear more suitable 
than former methods to obtain these indicator organisms. 

Within some groups, e. g. the mysids, the decapods and the fishes, there is a tendency 
to catch more species as well as individuals during the cold season. This, too, may be 
the result of inflow, which because of the prevailing winds is generally stronger in winter, 
but migratory movements into deeper water from other, shallower areas at this time 
of the year are just as likely to cause this increase of catch. l\/Iigrations like this have been 
described in many littoral fishes (cf. GrnsoN 1969) and in many invertebrates, particularly 
decapods (cf. BROEKEMA 1942). The explanation for these seasonal migrations may be a 
combination of reaction to changes in salinity and temperature, as pointed out by 
BROEKEMA (l. c.). At lower temperatures she found that Crangon displayed a reduced 
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tolerance to decrease in salinity or low salinity. Thus the animal would invade deeper 
areas to find saltier water. The water here would also often be warmer than in the 
shallows during winter. This may also apply to other decapods and invertebrates. In the 
fishes the temperature alone seems to be the factor bringing forth the seasonal migration 
in many littoral species, at least (GrnsoN 1969). 

By means of Beyer's epibenthic closing net we are enabled to obtain the more vagile, 
medium-sized benthic fauna. These animals, e. g. the mysids, the shrimps and smaller 
demersal fishes, are only scantily represented in conventional bottom samplers from the 
same area (cf. KtiHLMORGEN-HILLE 1965; ARNTZ 1971c), and this fact emphasises the 
importance of employing a combination of sampling methods by benthos investigations. 
The more agile animals and animals bound to the loose topmost layer of the sediment 
are certainly underestimated by grab samplers. These organisms are better or even 
quantitatively represented in the toboggan net or similar gears. On the other hand, 
burrowers are underrepresented and not quantitatively caught in sledges of any kind, 
whereas the grabs are regarded as quantitative in this respect (cf. e. g. Lrn and PAMATMAT 
1965). 

Diurnal variations 

The original intension of this study was to have a closer look at the diurnal variations 
in the hyperbenthal. Many groups of animal in this near-bottom region are known to 
perform more or less regular excursions into the free water, i. e. either from the bottom 
itself to the water immediately above it or from the hyperbenthal to the water above. 
By means of the toboggan net we should be able to reveal these migrations fairly well, 
although the gear can not be regarded as ideal in this connection. A sledge enabling us 
to obtain samples from different horizontal niveaus above the bottom simultaneously 
would have been better, but no such gear was at hand for the present investigation. 
However, a modification of the BEYER's epibenthic closing net taking two samples 
immediately above each other simultaneously have been constructed, and the preliminary 
results obtained by this gear are promising. The gear will be described by the author 
on a later occasion. 

Here again, .however, only a few groups or species are abundant enough to allow us 
to conclude anything regarding the possible existence of diurnal vertical migrations. 

Copepoda  c alanoidea  

The vast majority of the copepods found in  the samples were o f  the calanoid type. 
Very few harpacticoids were found, mainly, I think, because of the relatively large 
mesh aperture of the net, viz. 500 p.m. Cyclopoid copepods were also rare. No attempt 
was made to determine the species of the calanoid copepods. Even though a number of 
bottom-living calanoid copepods are known (cf. GRICE and HtiLSEMANN 1970), the 
majority of these copepods are living pelagically. This is also true for the Baltic copepods 
(PESTA 1927). Treating the calanoid copepods as one ecological group is therefore 
probably not too misleading in the present study. Taxonomic checking of some of the 
samples supports this view. 

The calanoid copepods were found throughout the year, with the lowest concentration 
in winter (Table 2). Neither in December 1969 nor in March 1970 any systematic or 
regular variations in these organisms were found along the bottom. Both in June and 
November 1970, however, very regular diurnal variations which may be correlated to 
the change of daylight, particularly in June, were observed (Figs. 4 and 5). From Fig. 4 
it appears that the number of copepods had its maximum about noon; then there was 
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a decrease until the lowest number of copepods along the bottom was reached about 
sunset. This minimum was maintained throughout the night, and the copepods appeared 
in increasing numbers shortly after sunrise. The same trend occurred in November, 
although with some irregularities, the most conspicuous of which being the very large 
number of specimens caught at 1300 the first day and at 0400 the last day. This may 
have been due to fishing during shooting of the gear. 

Diurnal maximum of copepods in the near-bottom water has also been reported from 
other localities of comparable depth. BossANYI (1957), for instance, described a profound 
change in the composition of, what he calls, the "bottom plankton" during the dark 
hours, as the copepods diminished in numbers near the bottom and lost their dominant 
position. The same was found in the present material, although the copepods were never 
in dominant position in the bottom layers of the Kieler Bucht. BossANYr's observations 
from April and July in British waters (winter observations missing) do not reveal any 
seasonal difference in diurnal behaviour in the copepods, in contrast to many other 
forms found in this water layer. The absence of any vertical migration of the copepods 
in the Kieler Bucht during the cold season (December and 1\!Iarch) may be ascribed 
to the temperature conditions. On these latitudes the "overwintering" stock of many 
copepods is known to spend the winter in deeper water, which is normally warmer, 
and we rarely find any diurnal vertical migrations during this period ( c. f. FRIEDRICH 
1969). 

BANSE (1959, 1964), through his comprehensive study of the zooplankton in the 
Kieler Bucht by means of a plankton pump, did not observe any diurnal vertical migration 
in the copepods. He explained this by the effects of salinity gradients. If the sal�nity 
gradient is 0.2-0.3°/00 / 10 m or more, he claims that smaller species of copepods will 
not perform any diurnal vertical migration. This is, however, not in immediate contradic
tion to the present findings, since the organisms do not have to swim far off the bottom 
to avoid being captured by the toboggan net. The HENSEN-net samples from the ·water 
above the hyperbenthal can, unfortunately, not be used to verify or disprove short range 
diurnal vertical migrations like these within a water mass. On the other hand, if we look 
at the conditions in June 1970, when the copepods performed very pronounced diurnal 
vertical migrations in the near-bottom water (Fig. 4), we find salinity gradients of 
about 80fo0 / 10 m in the lower ten meters (Fig. 2). Thus it would hardly be possible 
for the copepods to undertake even short range migrations without being exposed to 
salinity gradients higher than those described by BANSE. 

Cumacea  

Diastylis rathkei i s  the most frequently found crustacean, or  in fact macro-organism 
at all, along the bottom of Vejsnas Rinne (Table 2). It is very common in the whole 
Kieler Bucht (KtiHLMORGEN-HILLE 1963). Cumaceans are, according to SARS (1900) 
" ... on the whole, true bottomforms, though the more agile males of some species 
may be found at times swarming near the surface, especially at night ... ". This observa
tion of SARs' has been confirmed by many authors (e. g. RussELL 1925; FAGE 1933; 
BosSANYI 1957; COREY 1970; GRANGER 1970), but the migrations are not restricted to 
the males as they are found as well in females and juveniles of D. rathkei, which will 
appear from the folJowing. 

It appear that we find diurnal variations in the number of D. rathkei which may be 
ascribed to vertical migration in all seasons of the year. In December 1969 (Fig. 6) 
we find a rapid increase of Dias(ylis in the toboggan net at sunset. This increase appeared 
in both sexes, though the increase of males in the hyperbenthos was relatively greater 
at this time of the day .The maximum offemales was recorded a little later in the evening. 
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Then, about midnight, a sudden decrease in both sexes took place. A couple of hours 
later the number increased once more until it dropped at about dawn. In the morning 
up to about noon, however, the number of Dias(ylis in the samples increased once more) 

an increase which can not so easily be explained by the changing light conditions. 
This is one of the instances, mentioned in a previous section (p. 4), which can be explained 
by the by-catch of sediment. After the morning descent the animals will probably 
conceal themselves by burrowing into the sediment. According to FORSMAN (1938) 
D. rathkei will bury immediately when in contact with a suitable substratum. In fact,
more sediment was caught in the net toward the end of the cruise in December 1969,
in aJl likelyhood as a consequence of the worsening of weather conditions and the ensuing
increased wave action.

]\;fore or less the same course of sampling was repeated in March 1970. Due to the 
weather conditions and the wave action, a greater amount of sediment was collected 
in the last three samples than in the preceding ones, resulting in an increase of Diastylis 
shortly after the dawn minimum (Fig. 7). The possible connection between number of 
Diastylis and volume of sediment is further confirmed by the fact that we did find a 
similar pattern in other spf:cies which are partly living in  the topmost layer of the 
sediment, like for instance the mysid Gastrosaccus sjJinifer, the brown shrimp Crangon 
crangon (cf. Fig. 13), or in the juvenile Diastylis (Fig. 10). 

In March, however, no midnight minimum was recorded in adult D. ratlikei (Fig. 7), 
and the sexes seem to behave very much in the same manner. The females were predomin
ating in all the samples, and they migrated even to a level above that sampled by the 
toboggan net as during the hours of darkness female D. rathkei was found in the HENSEN
net samples. The males are not numerous any more at this time of the year owing to 
a shorter lifespan (KROGER 1940). 

In June 1970 the number of males dropped even further, but here again we find well
defined correspondance between number of D. rathkei and change of daylight, shown 
by both sexes relatively to the same extent. There was a very sharp increase of Diastylis 
in the hyperbenthic region immediately after sunset, and a maximum was reached about 
midnight (Fig. 8). The animals did not go far off the bottom as no adults were caught 
in the HENSEN-net from 4-5 meters above the bottom to the surface. A couple of hours 
before sunrise Diasf:)1lis obviously retmned to its hiding place in the sediment where it 
spent the day. The trend is here very evident and there was no interference by the by
catch of sediment. During this cruise the weather was dead calm all the time and only 
minor variations in the sediment were noticed. 

Turning to the last series of samples, from November 1970, we once more find a 
conspicuous variation in Diastylis in the near-bottom water (Fig. 9). The males were 
then dominating almost all the samples and the diurnal variations were more pronounced 
in these. The mode of variation was the same both sampling days in November, though 
more individuals were caught in the night during the first 24 hours period. This discrep
ancy may probably be attributed to the different light conditions during the two nights. 
The first night the sky was comparatively more cloudy than the second night, which in 
the morning hours was starlit. The higher number of D. ratlzkei caught in the first two 
or three samples in November may be an indirect consequence of heavy sea, as mentioned 
earlier in this section. (The wind slackened in the course of this cruise). This is further 
suggested by the large fraction of females in these three samples. The female is known to 
be more tightly bound to the sediment than the male, and by collecting more sediment 
we should simultaneously catch relatively more females. 
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Juvenile Dias(,ylis were found only in March and June 1970. In March (Fig. 10), 
when the youngs were recently released from the brood chamber of their mother, no 
regular rhythm which might be ascribed to change of light was recorde:d. Later in the 
year, in June (Fig. 11), the young Dias(,ylis apparently exhibited another behaviour in 
relation to light. We find a rapid increase of individuals shortly after sunset, attaining 
a maximum in the middle of the night. Then, after the maximum, there was a continuous 
decrease to a minimum about sunrise or a little later. This, however, was immediately 
followed by another increase to a second maximum which culiminated about 0900. 
If we look at the HENSEN-net samples, we find very few Diastylis in these until after 
sunset when the number increased (Fig. 11). The day niveau was reached again after 
sunrise. Comparing the two curves in Fig. 11, the connection between them is not 
obvious. First of all we should remember that the toboggan net samples from the bottom 
to about 0.8 meter above it, whereas the HENSEN-net samples are taken vertically from 
about 4-5 meters above the bottom to the surface. What might be found in the region 
between the areas sampled by the two nets respectively is not known. What we probably 
find here is a similar phenomenon to that found in the adults in December 1969. Imme
diately after sunset the juveniles started to ascend, and during this evening migration 
they ascended even to the niveau sampled by the Hensen-net. During the darkest hours, 
at midnight, they apparently stopped swimming and slowly sank down to the bottom 
again. At sunrise they seemed to start the upwards migration once more, but this time 
they did not reach the region sampled by the Hensen-net, i. e. with the exception of 
some few at about 1130. This reduced ascent in the day is probably a consequence of 
the high light intensity. What does not fit into this explanation is the low number of 
juvenile Diasf:ylis found in the first sample the first day. This may be a result of a patchy 
distribution of the young cumaceans, which not can be ruled out. 

The migration of immature animals would aid in the dispersal of the species. This 
has been demonstrated in other cumaceans (cf. e. g. COREY 1970). The migration of 
gravid females in March (Fig. 7) probably serves a similar purpose. If the youngs are 
released from the marsupium when the female is staying in the free water, this would 
secure a better distribution of the progeny. Nevvly "hatched" cumaceans were in fact 
found in the Hensen-net samples from :March, but these may just as well have been 
released as a consequence of capture. At this time of the year the juveniles are apparently 
not able to migrate vertically on their own (cf. Fig. 10). 

The particular activity of the male Diastylis both in December 1969 and November 
1970 must be ascribed to sexual behaviour. At this time of the year the males are 
searching for sexual partners and the mating takes place (KRUGER 1940). 

The reason for the striking differences between the diurnal variations in December 
and the other months in the adult D. rathkei can only be surmised as the present survey 
yields no further evidence. In December, with a minimum around midnight, the animals 
may during the midnight hours stay either above or below the level sampled by the 
toboggan net. No Hensen-net samples are available from December 1969, so no proof 
of a further ascent is produced. In the second case, if the cumaceans are hidden in the 
sediment, the descent could have been socalled "midnight sinking", described in many 
instances (CUSHING 1951), with a subsequent "dawn rise". It has been shown experi
mentally that in total darkness the swimming activity ceases (CusHING l. c.). Applied 
to the present case, this could mean that the total darkness at midnight in December 
causes midnight sinking, whereas in other seasons we did not find total darkness in 
30 meters depth, and, consequently no midnight sinking. 
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Mysida c e a  

Only one o f  the mysids found i n  the hyperbenthos of the Vejsnas Rinne exhibit regular 
diurnal variations which may be correlated to the change of illumination along the 
bottom. This is Gastrosaccus spinifer, particularly the juveniles (Fig. 12). Vertical migrat
ions synchronised with the changing light conditions have been recorded in many mysids 
(TATTERSALL and TATTERSALL 1951), and ARNTZ (1971 c) reports such migrations in 
G. spinifer from the Kieler Bucht. He also mentions possible diurnal migrations in the
mysid lvfysis mix ta, while the present material, however, does not indicate such behaviour.
NI. mixta was for instance never fotmd in the Hensen-net samples. The lack of vertical
migrations in the species was discussed on p. I O.

Diurnal vertical migrations was found in G. sjJinifer in November 1970, and probably 
also in March the same year. In December 1969 no such migrations could be recognised, 
whereas in June 1970 only few specimens of the mysid were found. In March 1970 the 
course of the migration was very similar to that found in the adult Dias-tylis from the 
same series of samples, with the same irregularities probably caused by the by-catch of 
sediment. Thus also G. spinifer was collected in the Hensen-net samples only between 
sunset and sunrise. 

The variation in juvenile G. spinifer along the bottom in November 1970 followed the 
same course both sampling days of the cruise (Fig. 12). From noon there was a con
tinuous increase of juvenile G. spinifer in the toboggan net till a maximum was reached 
immediately before sunset. Then a sudden drop took place and a minimum occurred 
just after sunset. Throughout the night the number of juveniles was more or less the 

same, save the second night when a continuous increase was recorded. Looking now at 
the corresponding results obtained by the Hensen-net (Fig. 12), we find the same dis
crepancy here between the two sampling nights, i. e. a higher steadily increasing number 
of juvenile G. sjJinifer was recorded during the second night. The causes for this obvious 
more extensive migration upwards the second night as compared to the first night in 
the samples from both gears (Fig. 12) is not immediately clear. One possibility could 
be a massive transport of mysids into the sampling area, which perhaps is not very likely. 

BAINBRIDGE ( 1961) concludes that the basic cycle of crustacean migration includes, 
among other things, a rise in the late afternoon which is a positive swimming toward a 
source of weak or decreasing light intensity. This continues into the night and is then 
replaced either by a station-keeping behaviour or a midnight sinking. Assuming that 
these conclusions are applicable also in the present instance, we may put forward an 
explanation of the above mentioned differences between the two nights in November, 
as a consequence of the prevailing light conditions. The first night was cloudy and dark, 
whereas the last half of the second night was starlit with a crescent moon. Instead of 
a station keeping of the mysids in total darkness, presumably represented by the first 
night, a further ascent, including more individuals, is accomplished the second night 
as a consequence of positive swimming toward a source of weak light intensity, i. e. the 
starlit sky. Obviously more mysids did leave the sediment the second night because we 
also found an increasing number of G. sjJinifer in the toboggan samples that night. 

The young Gastrosaccus returns to the near-bottom water at about dawn and may stay 
at least a part of the day hidden in the sediment 

The importance of vertical migrations, particularly in the juveniles of G. spinifer is 
evident. Like in the juvenile Diastylis (p. 17), this would aid in the dispersal of the 
species. The juvenile mysids, in general, are known to occupy a higher level in the 
water column than their parents, and when the young ones grow, they gradually occupy 
lower and lower levels until, when fully grown they have arrived at the normal adult 
habitat, i. e. at or very near to the bottom (TATTERSALL and TATTERSALL 1951). 
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Decapocla 

The brown shrimp, Crangon crangon, was found in relatively high numbers in Decem
ber 1969 and in November 1970 only, and during both these series of samples very 
clear diurnal variations in relation to light are revealed, which in fact are very similar 
for both months (Figs. 13 and 14). There was an increase of Crangon in the afternoon, 
and throughout the night a higher number of shrimps were caught in the toboggan net. 
Then about sunrise the number of individuals dropped to the day level, i. e. with the 
exception of the samples in December 1969. At that time a higher number of Crangon 
in the samples than is to be expected was collected. This must be a similar phenomenon to 
that discussed under the cumacean D. rathkei from the same series of samples, and is 
most likely to be ascribed to the by-catch of sediment. 

In November (Fig. 14) the same migratory patterns were found both clays, but the 
increase at sunset and the decrease at sunrise the second day was sharper that at the 
corresponding times the preceding day. This is probably to be explained by the already 
mentioned differences in light conditions. 

Crangon is known to be a typical twilight seer, which spend the day buried in the 
sediment (DoRNHEIM 1969). They were very difficult to get at in the daylight by the 
push-net employed by DoRNHEIM, but the catches increased by reduced light intensity, 
when they are swimming close above the bottom in search for food. Thus adult specimens 
of this shrimp were never recorded in the Hensen-net samples in the present study. 
The diurnal migration in this species is consequently to be characterised as a feeing 
migration. 

Chaetognatha  

Sagitta elegans i s  one of the very few pelagic species or groups encountered abundantly 
in the toboggan net material (Table 2). Sagitta was found during all the cruises, but 
only the series of samples from June and November 1970 reveal a regular diurnal rhythm 
which can be correlated to the changing daylight. The same migratory course was 
followed both months, and therefore only the November series is presented here (Fig. 15). 

The chaetognaths stayed in the near-bottom water during the day. At sunset they 
disappeared from the toboggan net samples for later to return to the hyperbenthos the next 
morning. This was repeated the second day (Fig. 15). The disappearance in the evening 
passed more abrubtly than the morning reappearence. 

Diurnal vertical migrations in Sagitta have been recorded from other localities (cf. e. g. 
RussELL 1925), but BANSE (1959) in his study of the plankton of the Kieler Bucht, was 
not able to find any indication of such migrations either in adults or in juveniles of 
Sagitta sp. sp. He states that the juveniles spend the day as well as the night in the same 
depth. This is, however, in contrast to the present findings, which reveal a very pro
n01.mced diurnal variation at least in the vicinity of the bottom. As mentioned in a 
previous section, the bulk of the chaetognaths in November 1970 was made up of younger 
specimens. 

Through their studies of the near-bottom fauna, RussELL (1928) and BossANYI (1957) 
found large numbers of Sagitta in the vicinity of the bottom, and RusSELL suggested that 
the great catches made during daytime near the bottom, particularly in the summer, 
may well explain the great diurnal variation in number of Sagitta in the upper layers. 
BossANYI also studied the diurnal variations in the hyperbenthos and found that all the 
chaetognaths primarily were present during the hours of daylight. 
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Pisces  

Among the fishes of the present material, only the sand goby, Pomatoschistus minutus, 
was abundant enough to allow us to study the diurnal variations in any detail (Table 2). 
The sand goby was found only in the winter and it exhibited very conspicuous variations 
which can be related to the changing daylight both in December 1969 (HESTHAGEN 1971, 
Fig. 2) and in November 1970 (Fig. 16). Very few gobies were caught during the day, 
whereas there was an immediate increase of P. minutus in the toboggan net samples after 
sunset (Fig. 16). The number of gobies throughout the night was consistently higher 
than in the clay, but decreased very rapidly at sunrise. 

P. minutus normally lies hidden on or in the sediment, very often with only the eyes
projecting (HAss 1936), and then, like many gobies (BoDDEKE 1963), sprint to capture 
the prey when it comes into view. To my knowledge, however, it is not known whether 
or not the activity in the gobies may change in the course of the day. HESTHAGEN (1971) 
briefly discussed the diurnal variations in P. minutus from the same locality and the pos
sible explanation for these variations. They may either be due to the fish being more 
active in the dark hours, or simply to the fish perceiving and escaping the approaching 
toboggan in daylight. Or a combination of these explanations may in fact be true. 
A higher nocturnal activity is necessarily not associated with feeding in demersal fishes 
(cf. e. g. HEMPEL 1957), but HESTHAGEN (1971) suggested a day and night feeding 
activity in P. minutus, based on the study of variations in the stomach contents, although 
the goby was most abundant in the night catches. 

The obvious difference in number of P. minutus caught the two succeeding nights in 
November 1970 (Fig. 16) favours the escape theory. The second night was clearly more 
bright than the first, and more fishes were possibly able to spot the approaching sledge 
and thereby escape. But a highei· nocturnal activity can not be ruled out as causing the 
greater night catches. 

Discuss ion 

Summarising the results of the present investigation regarding the diurnal rhythms in 
the hyperbenthos as revealed by Beyer's epibenthic closing net, and assuming that the 
samples we have got are representative, we find at least three different patterns of 
migrations, which are tried illustrated in Fig. 17, and discussed closer in the following. 

A. (Fig. 17; A). The relatively few really pelagic animals found, the hypoplankton,
stay just above the bottom during the day. They leave the region sampled by the tobog
gan net about sunset and stay away until the next morning when they reappear at this 
level. This type of migration is found in the calanoid copepods and in the chaetognath 
Sagitta elegans. 

B. (Fig. 17; B and B'). Some of the benthic animals at certain seasons or develop
mental stages are sparsely represented in the toboggan net samples during day. The 
catches of these animals increase at dusk, but decrease again later in the evening. Then 
in the late night or morning these animals appear once more in the samples for later 
again almost to disappear from the region sampled by the sledge net. When these animals 
are present in low numbers in the night, this may either be the consequence of a further 
ascent to a level above that sampled by the net (Fig. 17; B), exemplified by the juvenile 
Gastrosaccus spinifer in November 1970, or it may be caused by a descent in the middle 
of the night, also called "midnight sinking" (Fig. 17; B'). The latter explanation is 
possibly demonstrated in the adult Diast_ylis rathkei in December 1969 (Fig. 6) and pro
bably in the juvenile Diastylis in June 1970 (Fig. 11). 
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C. (Fig. 15; C). The majority of the benthic species, which do exhibit any indication
of migration, seem to come sufficiently far off the bottom to be collected in higher 
numbers in the toboggen net during the dark hours. They are often considerably less 
numerous all through the day, though greater catches are now and then made at day 
as a result of the sediment scooped up by the toboggan front. This migratory pattern 
is found, among others, in the adult Diastylis rathkei at different seasons and in the 
adult Crangon crangon in the cold season. 

I shall not within this context go into any closer discussion of the mechanism behind 
migrations in the marine invertebrates or fishes. Many textbooks in marine biology 
may be consulted for this. However, the value of diurnal migrations both to the individual 
species as well as to other species, say predators, shall be commented on below. It is 
perhaps strange to talk about the value to other species as the nature certainly not has 
made some animals migrate in order to supply other animals with food, but nevertheless 
I think this way of posing the problem is pertinent in the present case. 

It is an accepted view that diurnal vertical migrations are advantageous to an animal 
by allowing it to exploit a greater body of water for feeding (BAINBRIDGE 1961). This 
does not mean only in the vertical direction, but the animal may just as well make 
use of the vertical migration for horizontal transports, either actively by swimming, 
or passively through water currents (cf. HARDY 1956). Apart from this, in pelagic 
animals which are grazing on the phytoplankton in the euphotic zone, the migration 
makes these less vulnerable to predators when they stay in deeper and darker water 
layers during daytime. The copepods are, may be, a good example here. 

A number of authors (cf. BossANYI 1957) have suggested that the upward migration 
of bottom-dwelling forms may have a reproductive rather than a feeding significance. 
This would mean that the upward movements become more marked as the reproductive 
season advances. This is in fact demonstrated also in the present investigation. In 
November and December the mating takes place in the cumacean Diast_ylis rathkei 
and we also find marked migrations. Previous investigators have suggested that the 
diurnal migration facilitates the finding of mating partners ( cf. COREY 1970). Dispersal 
of the species is another advantage associated with upward movements and breeding. 
It appears that the juveniles and the gravid females are perhaps more marked migrators 
than other groups within the species, and this would obviously aid in the dispersal 
of the species, particularly if the gravid females release their youngs while pelagic. 
In this connection it can be referred to the female Diastylis rathkei in March, when 
the youngs are released from the marsupium, to the juvenile Diast,ylis in June and to 
the juvenile Gastrosaccus spinifer in November. 

The value of diurnal vertical migrations to other species should be regarded from 
a feeding point of view, by making more food animals accessible to predators. Although 
no data are available from the present survey on the changes of the biomass in the 
hyperbenthos, one can assume that the biomass must be considerably greater at night 
than in the daytime, and may thus increase the food supply to certain predators. Above 
all, this would mean the demersal fishes, i.e. the flatfishes and the cod in the Kieler 
Bucht. The most important species are the plaice, Pleuronectes jJlatessa L., the flounder, 
Platichth_ys flesus (L.), the dab, Limanda limanda (L.) and the cod, Gadus morhua L. All 
these flatfishes are supposed to be "visual feeders" ( cf. ARNTZ 1971 a), and also the 
cod is primarily feeding by sight, although other senses are used as well ( cf. WooDHEAD 
1966). This would imply that these fishes should feed mainly by day, and so may not 
have access to the fertile nocturnal pastures in the hyperbenthos. 

Relatively few studies are dealing with the question· of periodicity of daily food intake 
in the benthic fishes of the Kieler Bucht. ARNTZ (1971 a) concludes that the dab, like 
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the plaice, starts to feed around sunrise and is feeding mainly during daytime. One 
of the most important food animals of young dabs was Diastylis rathkei, and the intake 
of these started even before sunrise and lasted till after noon. Thus the descending 
cumacean would at dawn and in the early morning be more accessible to the dab than 
during the day. The same may be said for the mysid Gastrosaccus spinifer, another im
portant food organism to the dab in the Kieler Bucht (ARNTZ l. c.). 

Regarding the other flatfishes mentioned above, very little is known about their 
diurnal feeding rhythm in this area. HEMPEL ( 195 7) describes a very similar feeding 
rhythm in the plaice from the German North Sea coast with feeding starting at dawn. 
He, however, finds a feeding maximum at about sunset, which would coincide with 
the beginning of the evening ascent in many bottom invertebrates. Even more interesting 
in this connection is perhaps the observations of BREGNBALLE (1961) on the activity 
rhythm of the flounder. During the day the flounders lay buried in the sand and only 
rarely appeared to seek food. The flounders came out at dusk, and were all actively 
searching for food. As the dusk passed into night the feeding activity gradually changed 
to swimming activity. This swimming activity was maintained throughout the night, 
but at dawn it decreased and the majority of the flounders again sought food before 
once more burying in the sand. It is obvious that the feeding depends on visiual contact 
with the prey. The flounders consequently seems to be able to exploit the richer hyper
benthic fauna during the hours of twilight, before it gets too dark before these animals 
conceal themselves in the sediment by day. 

ARNTZ ( 1971 b) has also studied the diurnal feeding rhythm in the western Baltic 
cod, and he states that feeding mainly takes place at the time of clear change in light 
intensity, i.e. at dawn or dusk. The morning food intake is greater than that at sunset, 
and very important food organisms in the morning in November 1968 were Diast,_ylis 
rathkei and Gastrosaccus sjJinifer. This would mean, as ARNTZ (l. c.) suggests, that the 
cod feeds on these organisms at the end of their nocturnal vertical migration. 

Thus it is obvious that more of the demersal fishes, which in fact are principally 
visual feeders, in this relatively shallow area are able to make use of the increased 
nocturnal offer of food, not by feeding during the night itself, but by exploiting the 
increasing, respectively decreasing stock of vertical migrating benthic animals at dusk 
and dawn. Investigations on the relation between the feeding behaviour of fishes and 
the changing behaviour of the food organisms - the prey should be continued in 
order to provide a reliable foundation for estimating the daily food intake as well as 
degree of exploitation of the benthic fauna by the demersal fishes. 

Finally the present investigation stresses the importance of considering the light 
conditions under which the sampling of benthos are done. Nocturnal migration in many 
benthic animals, particularly valuable fish food organisms like crustaceans, 'will inevitably 
lead to erroneous values in bottom grab samples taken at different times of day. Further
more, the grab samples underestimate certain fractions of the benthic fauna, which 
may be important in estimating the productivity of the benthos and its immediate 
vicinity. I am here thinking about the pelagic organisms, which are found close to the 
bottom during daytime, and the animals bound to the topmost layer of the sediment. 
Thus by planning benthos investigations, particularly on soft bottom, one should make 
use of gears of different sampling characteristics. 
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