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1. INTRODUCTION

The availability of bottom invertebrates as food
for fish has long been a question of primary inter-
est to fishery biologists. To what extent are deep-
burrowing animals like worms and some chiro-
nomid larvae available in this context? There is
no doubt, however, that fish will readily take
wozrms if they are offered.

The vertical distribution of the benthos is also
of great importance in relation to its influence
upon the circulation of matter in the body of
water (cf. TessENow, 1964; Epuonpson and Win-
BERG, 1971}, The activities of benthic organisms
have not often been thought of in terms of re-
generation of material and energy from the sedi-
ments {BRINKHURST, 1972).

In order to ger better information on the verti-
cal distribution of oligochaetes and to a lesser
extent other invertebrates, in lake s-diments the
author once found it necessary to construct a new
sampling device adopting a new technique, i.e. thin
metal slides which instantly devided an unbroken
mud-water core into thin layers once the sampler
had reached the desired depth in the sediments
(Miaing, 1968).

In this way very mobile animals like several
crustaceans, chizonomid larvae, Chaobovus larvae,
some oligochaetes etc. are preve: red from making
any larger vertical movement after sampling. The
whole process is a matter of tenths of a second,
providad the release wire is tight enough.

Vertical displacement of the more motile species
can not be determined unless the sectioning of the
core commences immediately after collection
(Corg, 1953, ¢f. also Lenz, 1931; Berc, 1938;
BainkHURST and KENNEDY, 1965; SARKXX and
Paasivirta, 1972).

similar bottom sampler. In the author’s opinics !
the vertical distribution of the entire bottom’
community is worth closer study. Physical-cheni-

cal measurements have also been made in addition

to the different zoological data given by this tech-

nique (MiLBRINK, 1969).

This micro-stratification technique has success-
fully been transferred to potentiometric measure
ments, to studies of bacteria and organic martter
in the mud etc. by Dr. J. OLAH and Dr. A, Fraw-
Ko, Hungary (unpublished material; some resuls
kindly put at the author’s disposal. Results will
shortly be published in Annal. Biol. Tihany,
Hungary).

The purpose of the present paper is, in firt
hand, to illustrate and discuss the vertical diseribu-
tion of oligochaetes with reference tc a selected
area in Hovgdrdsfjirden in central Lake Milaren,

II. GENERAL BACKGROUND

The Lenz-Ekman sampler was an important means
towards the understanding of the vertical distri-
bution of the fauna in Iake sediments. Metal shelves
w-re inserted through slots in an ordinary, but
ta', Ekman-sampler thereby dividing the mud-
water core into strata. However, the very insertion
was not made untl the filled sampler had reached
the water surface again. Naturally, there is always
some chance that mobile animals have already
been able to displace themselves vertically, a fact
which would make such samples more or less use-
less for this purpose (cf. LEnz, 1931; Berg, 1938;
SARkxA and PaastvirTa, 1972).

The same disadvantage is also valid for corers
of different kinds. The time lapse is often too
long before sectioning of the core starts. Even the
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deep-freezing method described by Errorp (1960)
is probably far too slow.

It is also difficult to avoid compression or
expansion or other displacement of the sediments

. if the core is fetched from some depth (cf. Ep-
soNDsON and WiINBERG, 1971). Of course, the
effects of such changes of the core are largely
reduced if the core is already divided before the
changes commence i.e. before the sampler is re-
moved from the sediments.

Lenz’ sampling technique was later adopted by

_Bexc (1938) and BoruTskY (1935, 1940) with
minor modifications, mostly concerning the dis-
tance between the shelves. The recommendations in
EpuonpsoN and WINBERG (1971) are evidence

« that the technique is still widely used.

These samplers have been used for different pur-
poses, for instance, by Dexssack (1939), Kirri-
ceNxo (1940), Poppusnara (1961), PoopueNaya

* and SoRrOKIN (1961), PATARIDZE (1967}, KjALLMAN
aad GriMds (1967), and SARKxX and PaAsivIRTA
(1972).

¢ Another box sampler constructed on much the
same working principle is the Digerfeldt-Lettevall
samplec  (DiGeErFeLDpT and LETTEvALL, 1969).
Accordingly the shelves are inserted after the

. sampler returns to the water surface. The sampler
15 tall shick is an advantage on very loose bottom
material and it is transparent for a better localiza-
tion of the different sediment strata and in par-

" . * » -
ticolar the mud-water interface. Speciai varieties

of the above zre the hand directed samplers
by Forp (1962) and FAGER (1966).

Modern core samplers with transparent tubes of
plexiglass like the Kajak sampler, the simplified
corer described by the author (MiLsrink, 1971)
and several others, provide fairly urndisturbed

* mud-water cores which can be subdivided with the

piston technique designed for the weli-known
Jenkin sampler (MoRTIMER, 1941/1942). The Elg-
_mork sampler is also a useful device on very
loose bottom material (ELomork, 1962).
A great number of corers and samplers, some of
them suitable for microstratification studies, are
! presented in Hoexins (1964}, EpmonpsonN and
WinperG (1971), and to some extent in MILBRINK
{1971). Most corers with narrow openings seem
to be designed primarily for micro-fauna studies,
* for which purpose they operate quite satisfactorily.
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At the moment there is also a growing interest
in hand-taken cores (the SCUBA technique). Tube
samplers are recommended for microstratification
studies by BRINKHURST and JaMreson {1971).

The coring technique, however, must be handled
very carefully since if the tube is not wide enough
the friction of the core against the walls may be
considerable. Accordingly there will always be a
risk that the sediment strata get partly mixed (cf.
Epmonpson and WiNserG, 1971).

Scme of the above works have been more or
less focused upon the vertical distribution of oligo-
chactes, i.e. PoDDUBNAYA (1961), PoDDUBNAYA
and Sorokmv (1961), BrinknursT and KenneDY
(1965), PaTvarinze (1967), BRINKHURST et al.
{1969), and SAnkkA and PaasivirTa {1972).

1il. MATERIAL AND METHODS

The ultimate aim of the study presented first
(Fig. 2) was to acquire thorough information on
the vertical as well as the horizontal distribution
of oligochaetes — and other invertebrates — re-
ferring to the particular date of sampling. The area
selected was Hovgdrdsfjirden in the central — i.e.
the cleanest — parts of Lake Milaren, the bottom
fauna of which is weli-known to che author,

The area was visited by G. ALm in 1915—1916,
by S. VaLun in 1933, by T. WieperRHOLM in 1969

—1970, and by the present author in 1970 and -

1971. The oligochaete material of these surveys has
remained preserved to the present-day. A paper on
the oligochaete fauna of Lake Milaren covering
this material is in preparation. ,

The bottom area selected is absolutely flat and
sheltered and considered Lamogeneous in most
respects, for instance in texture, bottom fauna
composition (MILBRINK, 1972), exposure to wave
actions, streams etc. Thus it is among the best
possible areas for the purposs. The depth is 32 m

and the width about 2X6 km® The time of

sampling was August 1970,

In order to obtain enough information on both
the vertical and the horizontal aspects several
parallel microstratification samples had to be
taken. Since each sample of this kind means the
necessary acquirement of a great number of sub-
samples and much labour is involved preparing the
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sampler for each core, it is generally not realistic
to take more than two or three parallel samples a
day, which is naturally a drawback in terms of
representativity. In combination with 5—10
Ekman samples or some 10—20 tube samples,
however, a fairly accurate picture of the horizontal
aspect is usually secured.

In Hovgirdsfjirden seven microstratification
samples and one Ekman sample — all obtained in
one day -~ were spread radomly in the grid
measuring 10050 m?. The same grid was later
used (in March 1971) in a special study on the
horizontal distribution of the bottom fauna (Mmn.-
BRINK, 1972), when 48 samples were similarly
spread in the net.

Each of the other four examples given below
describes the results from 2 or 3 microstratification
samples in combinadon with ordinary Ekman
samples and has been selected because here the
oligochaete material was anzlysed in detail. Such
analyses are generally extremely time-consuming,
since the majority of worms are immature. The
selected samples primarily serve as examples of
the vertical distribution of oligochaetes from
various habitats and will to some extent modify
the general picture obtained in Hovgirdsfjirden.

The second example given below is from Norra
Bjorkfjirden — also in central Lake Milaren. The
samples were obtained from a depth of 30 meters
in September 1967. The third example is frem
Ekoln, a much enriched basin in northern Lake
Milaren — the depsh being 32 meters and the time
of year February 1968; the fourth from falke
Erken, a eutrophic lake to the east of Uppsala
near the Baltic — the depth being 18 meters and
the time of year june 1968; the fifth and last also
from Lake Erken and the time of year August
1968.

It must be emphasized that the above examples
merely represent the momentary distributions of
organisms.

The bottom material was generally very lightly
sieved through a 0.3 mm sieve, while the water-
containing chambers were tapped through bags of
nylon gauze with 0,06 mm meshes. All sediment
residues were examined as scon as possible without
foregoing preservation. In the first test described
below, however, preservation liquids were added
to the residues of four samples. '
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Fig. 1A and B scale roughly 1:11, Fig. 1C scale
roughly 1:4. The slide mechanisms for Nos. III, IV,
and V and most of the springs are omitted from the
drawings., Fig. 1B is a more detailed sketch of the
fitting of the slide berween runners of plexiglass. At
the bottom is a shock absorber of 1 mm brass (15).
Fig. 1 Ca transverse section through the lower part of
the “slide-box”. 1. The tube of 6 mm plexiglass 2. the
suspensions, brass plates and steel wire. 3. slide of
1.5 mm duraluminium 4. movable hooks on a rod (of
9 mm brass) which is spring-loaded (5). 6 and 7. sup-
ports of 6 mm plexiglass with brass bearings (9) for the
rod 8. hinged lid to the “slide-box” 10 exchangeable
lead weights 11. exchangeable brass edge 12. streamline

protection cone made of plexiglass 13. spout of plexi-

glass 14. hole with 2 plug for the chamber 15, bras
plate for shock absorbtion 16. bevelled runner of plexi-
glass 17. runner of plexiglass (2 mm).

The results are illustrated in 2 manner which
may need some explanation. The diagrams (Figs
2—6) are composed of smaller units each repre-
senting the abundance of a group (or other entity
of bottom invertebrates) or individual species per
vertical centimetre of the core.

Precision varies between the different invest-
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gations depending upon the actual number of
- parallel samples obtained each time. In Figs. 2, 4,
and 6 the exactitude of vertical localization of
animals ‘is calculated to be +0.5 cm, while in
Figs. 3and 5itisonly £1.25cm.

g ezt v
[ ]

These intervals of precision are the natural con-
sequences of the chosen distance between parallel
slides of the microstratification sampler (2.5 cm)
and the number of samples obtained. Accordingly
the obvious lack of continuity in the vertical dis-
5 wibution of some species {or other entities of
; . animals) is not necessarily real,

AT YD T, 4T

Brief description of the sampler (see Fig. 1)

The sampler is built of 6-mm plexiglass, the tube

* bas a square cross-section measuring exactly /s m?
{167 cm?} — in order to simplify the estimation of
specimens per square metre unit.

« The slide box and the protection cone buile of
plexiglass of varying thickness are considered
necessary to reduce turbulence in front of the
device. The slide box is easily dismantled in the

! field which facilitates the changing of slides.

The slides are made of 1.5 mm duraluminium, a
hard, elastic, and very light material, They are
loaded with slender springs of stainless steel placed
outside the tube.

For the purpose of these studies a distance of

2.5 cm was chosen on empirical grounds to separate

* the lower slides, while further up 10 cm was con-
sidered appropriate.

The closing mechanism is operated from the
water surface by means of 2 thin wire. As men-
tioned before the whole releasing procedure takes
a matter of a few tenths of a second, a fact which
makes it difficult even for mobile animals to move
much verticzlly.

For further details the reader is referred to M-
BRINK (1968). i

-3

IV. RESULTS

! Horizontal distribution

The microstratification samples from Hovgirds-
fiirden alsa gave information on the horizontal
distribution. It emerges from Tables 1 and 2 that

11.2920
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100%
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hotimeisteri

} Tubifex
: ignotus

Potamothrix
vejdovskyi

Potamothrix
hammoniensis

0%

' 2 3 4 5 6 7
Microstratiticstion Average
sampies Nos. . tube sample

Table 1. The composition (in per cent) of Tubificidae
in bottom samples obtained in Hovgdrdsfjirden, Lake
Mailaren, in Awgust 1970 (separate microstratification
samples) and in March 1971 (an averagc iube sample).

the qualitative composition of tubificids had not
changed markedly from August 1970 to March
1971. The same species dominated in approxi-
mately the same proportions. The only tubificid
having changed notably was Twubifex tubifex,
which had increassd from 1 to 11 per cent. This
“change®, however, is not necessarily real as
T. tubifex and T. igrotus may be very difficult
to separate prop.sly from each other in their
youngest stages. At the same time T. ignotus kad
actually decreased from 20 to 14 per cent.

Ten tubificid species were common twe both
studies; only Limnodrilus udekemianus having
been replacr1 by the closely related L. clapare-
deanus.

In each microstratification samozle the four
major components made up at least 88 % of the
whole tubific’ 1 population (see Table 1). The study
in March reve=led that the same four dominating
species made up 84.5 %o of all rubificids. When
looking more closely at the contents of oligochaetes
of different species in each sample (Ekman or
microstratification sample) it must be remembered
that an ordinary Ekman sampler takes 1.3—1.5
times more bottom material than the other sampler
ie. in proportion to its larger aperture (Table 3).

4
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Table 2 The composition (in per cent) of Tubificidae in bottom samples obtained in Hovgdrdsfjirden, Lake T

Malaren, in August 1970 (separate microstratification samples) and in March 1971 (an average tube sample),

! Microstratification Average
samples mean tube sample
1 2 3 4 5 6 7
P. hammoniensis 27.3 25.3 212 315 195 247 384 26.8 340
P. vejdovskyi 40.9 47.0 242 28.3 41.5 528 7.4 346 28.0
P. ferox 23 - 6.2 1.1 — — — 1.4 2.0
P. barbatus — — 3.0 — — 1.0 — 0.6 1.0
L. boffmeisteri 13.6 6.9 272 9.8 3.7 5.4 16.0 11.8 85
T. ignotus 136 138 15.2 217 24.3 15.0 34.5 19.7 140
T. tubifex — -— 3.0 —_— 37 11 — 11 11.5
B. vejdovskyanum 2.3 3.9 — 7.6 49 — 3.7 3.2 <t
A. pluriseta - 3.1 - - —_ — —_ 0.4 <1 L,
P. bedoti — -— -— —_— 1.2 — — 0.2 <1
L, udekemianus - - —_ — 1.2 — — 0.2 <1 *
100.0 1000 1000 1000 100.0 100.0 100.0 100.0 100.0 _:’
b N
R 13
Yable 3. Relzstive abundance of different Oligochaeta in eight bottom samples from Hovgdrdsfiarden, Lake -
Maélaren, in August 1970, Single specimens are indicated with one X. More than 4 specimensisample are marked -
with XX.
Ekman  Microstratification [+
sample  samples Nos. Frequency d
1 2 3 4 5 6 7 [
TUBIFICIDAE
Pot. hrix b iensis KX XX XX XX XX XX XX XX in all samples
Potamothrix vejdovskyi XX XX XX XX XX XX XX XX in ail samples
seloscolex fg:;oxb . x X - ))2 X -— ; —_—
sammoryctides barbatus — — - — — —
= Limnodrilus hoffmeisteri XX XX XX XX XX XX XX XX o all sampls The f‘k:;‘“ .°°u°°‘fd 7
: Tubifex ignotus XX XX XX XX XX XX XX XX in all samples none of the m-sampies (m
N Tubifex tubifex ~ — - = X =X X - ples) contained less than 5.
Bothricnesrum vejdovskyanum XX X XX — XX XX XX XX tn all samples 6.4. Similarly the Ekman
ut one . .
Aslodrilus pluriseta XX - X — e e e - aclosomatid) species. The
Potamctbrix bedoti - - = = = X - - tween 4 and 8 with a mean
Limnodsrilus "d'k"""f"“ - - = X - - The four dominating
‘Total number of species 6 6 7 6 8 7 5 represented — even well-
MAIDIDAE : samples. A fifth species +
Veidovskyells comata XX XX XX XX XX XX XX XX in all samples samples but one. Similarly -
§P¢ﬁ4ﬁ¢lgoﬁmf ‘ X§<< X§ §§ §§ ;<<§ >)8<< X>>§ X;E in 15 sampia well-represented in all sam;
tylaria lacustris in all samples :
Piguetiella blanci X - X 1% - X X X P represented in all samples,
Us:rinais  uncinatd XX XX XX X XX - XX % in all samples - | - one. Of a total number of
) but one the Ekman took 15 and :
Na’s sp. _ X —_ = = X = - X 11.and 15. with 1
Arcteonais lomondi X —_ - e X = XX - .and 135, with a mean va
sri;;maksp.”‘ ) ” X x - - - - % = In fact, most bottom f
e1a0USRYye: miermedia —— — — — —— —
Chaetogaster cristallinus - —_— - —_— - - X - rather evenly s,pr“d over
these comparatively few s
AELOSOMATIDAE larvae had a mean value
Aelosoma sp. - - = = X = - - of specimens/m® of 158
Total number of species: 8 5 5 5 7 8 6 affinis (264 £ 108), and oli;

11.2921



N

hge
tample

ERL S A R WA W L

, Lahke
ried

ficy

bmples
Lsaples

mples
mples

gmples

jnples
nples
nples

aples

en, Lake
sample).

|

On the vertical distribution of oligochaetes in lake sediment 39

- 18

- 7

b 19

i
|
1
!
|

Fig. 2:1. (Hovgirdsfiirden).

The Ekman collected 7 tubificid species, while
none of the m-samples {microstratification sam-
ples) contained less than 5. The mean value was
64. Similarly the Ekman took § naidid (and
aelosomatid) species. The m-samples varied be-
tween 4 and 8 with a mean value of 6.

The four dominating tubificid species were
represented — even well-represented — in all
sampies. A fifth species was represented in -]
samples but one. Similarly two naidid species wer=
well-represented in all samples, a third species was
represented in all samples, and a fourth in all but
one. Of a total number of 22 oligochaete specir

the Ekman took 15 and the m-sampler between

11 and 15, with a mean value of 12.

In fact, most bottom fauna constituents were
rather evenly spread over the grid judging from
these comparatively few samples, e.g. chironomid
larvae had a mean value (*standard deviation)
of specimens/m® of 1584(+420), Pontoporeia
affinis (264 +108), and oligochaetes 6660( £ 1776).

Vertical distribution

Even if stress here has been laid upon the vertical
distribution of oligochaetes in general — and the
Hovgirdsfjirden material in particular — the
author has considered it desirable to illustrate the
distributions of the other main constituents as well.

An adverse relationship berween numbers of chi-
ronomid larvae and tubificid oligochaetes has, for
instance, been presumed by BRiNkHURST and KEn-
NEDY (1965) and JuNasson (1972).

Hovgidrdsfjirden

Important bottom fauna constituents in the Hov-
girdsfjirden material (Fig. 2) were chironomid
larvae, oligochaetes, pisiids, P. affinis, nematodes,
and small crustaceans like ostracods and ccpepods.
Naturally, several other groups were represented
as well, such as Hydracarina, Ephemerida, Coretbra
larvae, hydras etc., even if all those groups are not
iflustrated in the diagrams. Most of the last-

11.2922 ' :
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Fig. 2:2. (Hovg3rdsffirden, continued).

mentioned animals were concentrated at the mud-
water interface, or even above it, either as a con-
_sequence of undue turbulence acting upon very

light organisms at the moment of sampling or as a
- consequence of spontzneous, swimming movements.

Most chironordd larvae (Fig. 2) were concen-
trated in the top centimetres of the mud core —
some obviously dwelling in funnels of clay at the
interface; a minority of larvae were found deeper,
and some even above the interface (mostly be-
longing to the family Tanypodinae).

Pisidinm spp. were also recorded at the interface
and so were most ostracods. Pontoporeia affinis,
on the other hand, was most numerous at depths
varying between 1 and 3 cm in the sediments,
which is in good agreement with the author’s ex-
perience. The species may be dwelling there out of
nutritional reasons, but it is also quite plausible
that it is an avoidance reaction against the ap-
proaching sampler (cf. discussion below). Similarly,
one Corethra larva was found between 4 and 6.5
em in the mud (cf. discussion). Cyclops spp. were,

as usual, the deepest burrowing organisms, even if
~— as here — the bulk of organisms were found
at the interface.

On the whole, naidids were well separated from
tubificids vertically. Some species of Tubificidae
were also well separated from others (see below),
SAPKAREV (1959) and BRINXHURST et.al. (1969),
for instance, found few, if any, indices of a vertica]
separation of different tubificid species (see dis-
cussion below). Judging from.the samples from
Hovgirdsfjirden and the other m-samples, Lim-
nodrilus hoffmeisteri and Potamotbrix bammo-
niensis are generally the deepest burrowing tubi-
ficids (see further text). In the author’s experience
Potamothrix vejdouskyi, T. tubifex, and Pota-
mothrix heuscheri (see below) also burrow deeply,
L. hoffmeisteri is generally fairly evenly spread
through the mud column with rather undistinet
maxima of abundance.

In the Hovgirdsfjirden samples L. hoffmeistert,
P. hammoniensis, and P. vejdovskyi were recorded
deepest in the mud (to a depth of about 10 em).

L
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The two former species, however, seemed to have

gven if their maxima of abundance slightly lower than the
found latter species and Tubifex ignotus. The remaining
’ tubificid species, i.e. Bothrioneirum wvejdovskya-
from ° num, Peloscolex ferox, Psammoryctides barbatus,
jcidae Potamoihrix bedoti, and Aulodrilus piuriseta were
elow). all zecorded in the topmost sediment layers, but
1969), since the number of specimens obtained of each
tertical species was rather limited it is hardly possible here
e dis- to say anything definite about the vertical pre-
from ferences of those species.
Lim- =~  On the whole there were very few naidids re-
mmo- corded below a mud depth of abour 2 centi-
tubi- metres. The deepest recorded species were the ones
ience illustrated in Fig. 2: 3. The remsaining six naidid
Pota- species were all found superficiall> in the mud or
eply. immediately above it.
pread The composition of tubificids confirms the gen-
stinct 1+ eral opinion that the water in Hovgirdsfjirden is
of good quality. P. ferox and P. barbatus do not
isters, appear at all in polluted areas of Lake Milaren,
rded 1e. in waters with decreased concentrations of
cm). * oxygen in water strata close to the bottom. Ac-

Prarene-  Vojdovekysila:  Biylerts
cwstrie

Fig 2:3. {Hovgirdsfjirden, continuved).

cordingly the species are confined to the central
basins of the lake (cf. MILBRINK, 1973).

Norra Bjsrkfjirden

The second example on the vertical distribution
of oligochaeter was also ferched from the central
basins of Lake Milaren, i.e. Norra Bjorkfjirden
(see above). This material was also used as an
example in MLBRINK, 1968 and 1969. The general
picture of distribution of the fauna sketched for
Hrvgirdsfjirden is also valid here (Fig. 3).

“hironomid larvae were concentrated at the
mud-water interface, most of the larvae being
Micropsectra sp. Pisitds, nematodes and weakly
built crustaceans like cladocerans and ostracods
were all found superficially in the mud, while
most Cyclops spp. were recorded deeper, ie.
between 4 and 9 ¢cm.

‘Tardigrada is only one example of a category of
bottom invertebrates more or less bound to the
interface.

Two tubificid Qpecies, P. bammoniensis and L.
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Fig. 3:1. (Norra Bjérkfjirden).

hoffmeisteri, and seven naidid species, two of
which, Vejdouskyella intermedia and V. comata,
are illustrated in Fig. 3 were well separated verti-
cally with naidids (without exception) occurring
in the topmost centimetres of the core and tubi-
ficids burrowing deeper (cf. Mmermnk, 1969).
Here, to0, L. hoffmeisteri was rather evenly
spread through the column in contrast to P. ham-
moniensis (cf. also Fig. 2).

Ekoln

A winter situation from the Ekoln basin, Lake
Milaren, is the third example (Fig. 4). Larvae of
Chironomus anthracinus were spread from the
surface down to depths of about 5 cm, i.e, about
as deep as the deepest penetrating tubificids.
Pisiids and ostracods were concentrated at the mud
surface, while Cyclops spp. were the deepest pene-
trating organisms (at least 7—8 cm deep), possibly
in dormant stages (¢f. ELGMORK, 1959). )

‘Tubificids were the almost totally dominating

bottom inhabitants. Naidids (i.e. Pristina sp.) were
few, possibly depending upon the time of the year.
There seems 1o be little doubt that the tubificid
species here were separated vertically. The top
layers of the sediments were largely. dominated by
P. beuscheri, the next few centimetres rather
equally inhabited by P. beuscheri, P. bammoniensis,
and T. tubifex. Strata between 4 and 6 cm were in
their turn dominated by P. hammoniensis. Charac-
teristically enough, L. hoffmeisteri was rather
equally distributed through the entire column. The
vertical preferences of P. bedoti and 7. ignots
seem here to be vague. The specimens of A. pluri-
seta were distributed superficially in the mud,
which is in accordance with earlier statements
about the species.

Both the specific compositions of oligochaetes
and chironomid larvae and the quite superficial
distribution pattern of most bottom animals except
copepods suggest a rather poor oxygen situation at
the interface. The Ekoln basin is one of the most
polluted basins of Lake Milaren.

Fig. 3:2. (Norra Bjork

11.2925
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Lake Erken

The last two examples are fetched from the same
locality in Lake Erken, the first from June and
the last from August 1968. The vertical distribu-
tion pattern was almost the same both times
(Figs. 5 and 6).

Chironomid larvae were here easily separable
into two groups, i.e. big larvae of Chironomus
plumosus dwelling between 5 and 15 cm in the
mud and the rest with a maximum of abundancc
close to the interface.

In August pxsnds were located much deeper in
the sediments than is generally the case. As a rule
most pisiids are found close to the interface (cf.

above), but Bere (1938), on the other hand, re-

corded them very deep in the loose sediments of

" Lake Esrom.

On both occasions ostracods were spread deeper
than usual in the mud (c¢f. above) and Cyclops
spp. displayed maxima of abundance at depths of
about 10 cm. Numbers of specimens were found
even at depths of about 15 cm.

P. bammoniensis had slightly dissimilar distribu-
tion patterns on the two occasions. In August
great concentrations of mostly young stages of the

Fig. 5. (Lake Erken, June 1968).

species were concentrated at the interface, while in

June the maximum of abundance lay between 2 }

and 6 cm.

On both occasions 7. ignotus and Nais sp. were
limited to the interface and so was Axlodrilus
pigueti in August.

Three of the dominating tubificid species from
Hovgirdsfjirden were tested as to the proportions
of mature and immature worms above and below
2 mud depth of about 3—4.5 e¢m (cf. Fig. 7 and
discussion below).

There is no doubt that there were considerably
more adult worms below that level than above it.
The proportion of sexually mature specimens of
P. bhammoniensis below that level were on an
average (seven m-samples) 23 /o compared to
7 %% above it. Similarly, the relations for P. vej-
douskyi were 48 ®/o and 26 %o respectively and for
L. hoffmeisteri 70 %o and 15 %0 respectively. Ac-
cordingly there were at least about twice as many
adult worms of each species below that level as
above it.

Similar results, although sometimes less obvious,
have been obtained by the author in previous tests
with this technique in different waters.

i

V. DISCUSSION

The extent to which oligoc
fish is a question which
definite answer. East-Euroj
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Fig. 6. (Lake Erken, August 1968).

* V. DISCUSSION

The extent to which oligochaeies are available to
fish is a question which never seems to get 2
definite answer. East-European authors like Pop-
pusNaja (1961), PorcHenxo (1971), GALINSKY
and Nixiriv (1972), and YAROCHENKO et.al. (1972)

. present evidence that a great number of species

of fish, esp. “coarse fish”®, actively feed on oligo-
chaetes. There is little doubt that “suckers™ like

- bream (Abramis brama (L.)), dace (Leuciscus
lexciscus (L.)), and carp feed most intensively upon
mubificids. Kennepy (1969) and Kenneoy and
WALKER (1969) come to the same conclusions from
a parasitological approach.

Grimis (1963) discusses the availability of the
bottom fauna to fish, especially salmonids. Similar
considerations were previously made by NAuMANN
{1930), ArLen (1942), Ricker (1952), and Hayne

and Barr (1956). GrmuAs concluded that salm-
onids in general are poor consumers of oligochaetes.
Nevertheless there are exceptions. Recently
brown trout turned out 10 be an important pre-
dator upon the lumbricid Eiseniella tetraedra
Savigny in impounded lakes in Norway (AAREFIORD
et al., 1973). Coregonus lavaretus fed most inten-
sively and unselectively upon tubificids in pulp
mill fibre banks at deptbs of about 100 metres in
Lake Mjésa, Norway (P. Aass kindly put material
at the author’s disposal) etc. '
The gquestion seems to focus upon the extent to
which the worms are exposed to predators like fish.
Very agile animals or even swimming ones are
certainly of the greatest interest to most fish. E.
tetraedra, for instance, is a tremendous swimmer
when threatened as is evident from aquarium
experiments performed by the author (unpubl.
material). Its former name Lumbricus agilis Hoff-

N
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Fig. 7. Proportions (in per cent) of mature worms of
three of the dominating tubificid species in Hovgirds-
fjirden above and below 2 mud depth of about
3—45 cm.

dominating tubificid species

P.hammo- P.vej- L. hoff-
mud depth niensis dovskyi meisteri
topmost
3—45cm 7 2 15
below a depth of
4—4.5 cm 23 48 70

meister, 1843 is further evidence of the rapid
movements of the species.

Naidids are not seldom encountered in stomachs
of various fish especially in fish with liztoral
feeding habits, which may be linked to the fact
that naidids sometimes tend to appear in swarms
litorally, thercby being more accessible to fish.
Stylaria lacustris, Uncinais uncinata and other
naidids are sometimes identified in stomach con-
tents of whitefish and other fish in Sweden.
Paranais litoralis is at times an important food
jtem for flounders and plaice in Danish estuaries
(Muus, 1967) etc. Most naidids, however, are very
inconspicuous and easily overlooked in an ordinary
stomach analysis.

Several naidids (e.g. Stylaria lacustris) are good
swimmers {cf. SPERBER, 1948), but also immature
tubificid worms (e.g. Potamothrix hexscheri) are
definitely capable of swimming freely for short
distances if compelled (MLBRINK, unpubl. mate-
rial). BRingHURST (1969) denies this capacity of
ubificids.

GRIGELIs (1966) presents evidence that proteins
are particularly concentrated in the tails of
tubificid worms., If oxygen conditions are poor
the worms are more or less compelled to expose
more of their rear ends than needed for normal
purposes {ALSTERBERG, 1925), thereby being more
exposed to fish. This means that if fish snap the
rear ends of the worms they will get 2 highly con-
centrated source of nourishment (¢f. PopbUBNA]JA,
1962). Accordingly it is not surprising that cyp-
rinid fish in particular snap the respiring ends of
tubificids. )

The distribution of oligochaetes and other in-
vertebrates in the sediments may very well be a

function of nutritional preferences, but the deep

migrations by some tubificid species may also be
related to their specific state of marturity according
to Popbusnaja and Soroxin (1961) and Sorokm
(1966).

In BrRinkrURsT and CHua (1969), BRINKHURST
and Jamizson (1971), Wavae and BRINKHURST
{1971), BRINKHURST (1972) and other works pro-
duced by BrINKHURST much attention is focused
upon the role of micro-organisms in the diet of
rubificids. Different tubificid species can co-exist
both vertically and horizontally probably because
they feed selectively upon specific micro-organisms.
BRINKHURST (1972) has even found mixed tubificid
cultures thriving better than pure cultures in
laboratory experiments.

Estimations of correlations between different
characteristics of the bottom substrate and bottom
invertebrates of all kinds have long been of the
greatest interest to bottom fauna investigators.
There is little need to mention any particular
works, but already Exman (1915) and ArM (1922)
thoroughly discussed such relationships.

Burrowing animals like tubificids and lumbri-
culids, some chironomid larvae, some amphipods,
and copepods are on good grounds supposed to
evoke a tremendous effect upon the circulation
and irrigation of superficial layers of the sediments.
A certain amount of transportation and dislocation
of different sediment strata is also most evident,
paturally with unknown consequences to palaeo-
biological investigations (cf. STockNER and Lunp,
1970).

Under experimental conditions the rate of bio-
chemical oxidation of organic matter in the sedi-
ments increased 1.5—2 times in the presence of
tubificids according to Zverkova (1972), but
SoLowiev (1924), Ravera (1955), Kuzwerzow
(1959), ScHuMmacHEr (1963), Wacus (1967),
ZAnNER (1967), and BRINKHURST (1972) also found
a strong dependence between the burrowing ac-
tivities of tubificids in high densities and the
circulation of salts, dissolved gases, organic com-
pounds etc. The additional irrigating properties of
communities of some chironomid larvae are also
of the greatest importance (cf. TEsSENOW, 1964;
HARGRAVE, 1972; JONAssON, 1972).

When macroorganisms are absent, deposits of
inorganic mercury in the upper few centimetres of
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the sediment are responsible for almost the whole
amount of released methyl mercury. If Tubificidae
or Anodonta are present in high densities, deposits
down to 2.5 or 9 cm from the mud surface re-
spectively are effective (JERNELGV, 1970).

ALsTERBERG (1925) described the active trans-
port of material by tubificid worms in the form
of faeces from a depth of feeding of about 2—4 em
in the mud to the surface, but he doubted that
whificids could help. ventilating the top sediment
layers to any considerable extent. Similar points
of view were presented by WAGNER (1968).

Depending upon the season and the actual state
of maturity, tubificid worms may be found quite
deep in the mud and, according to Russian works,

- obviously irrespective of where their specific
sources of nourishment are concentrated (see
above). The obvious vertical separation of adult
and juvenile forms of three of the dominating
wbificid species in Hovgirdsfjirden are further
evidence (see above).

Since all oligochaetes need access to the interface

- for respiration even normally very deep-burrowing
specimens spend much time in the top few centi-
metres. For that reason it may seem difficult to
separate the true vertical preferences from other
elementary needs (cf. BRINKHURST et.al., 1969).
Narurally, however, there shouid be berter chances
of finding the deep-living forms deep in the mud

. than other worms with less pronounced burrowing
habits.

As mentioned before, an adverse relationship
between numbers of chironomid larvae (Chirono-
mus anthracinus) and tubificids (Potamothrix
hammoniensis) was observed by Jonasson (1972).
The same kind of relationship was assumed by

. BriukuURST and Kennepy (1965).

Pontaporeia affinis and larvae of Tanypodinae
and Chironomini are probably the most mobile
invertebratés recorded in these investigations.

Big filtrating chironomid larvae like Chirono-
mus plimosus are most vulnerable to bottom
predadng fish like “suckers®, but the larvae can

_stay quite deep in their U-shaped tubes, especially
at high oxygen concentrations (cf. Brunoin, 1951),
thereby. reducing their chances of being eaten by
fish. .

Lenz (1931), Berc (1938), CoLrE (1953), Kajax

’
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(1963), BriNnkHursT and Kennepy (1965), and
SARkkA and Paastvita (1972) have all been
aware that some chironomid larvae, Corethra
larvae or tubificid worms rapidly withdraw into
the sediments and congregate at a certain depth if
they become aware of a foreign object like a
sampler entering the sediments,

The question is now whether this microstrati-
fication sampler — which both takes the core and
divides it into thin strata in much less than 2
second — is swift enough to get the big larvae of
Chironomus plumasus, for instance, ac their proper
levels of residence in the mud. In any case there is
now little doubt that particularly the smallest and
most fragile bottom invertebrates are incapable of
moving far either vertically or horizontally in the
timelapse between the moments when the sampler
enters the mud and when it is released.

VI. SUMMARY

The microstratification technique presented here
primarily seems to have confirmed some general
ideas as to where various bottom invertebrates are
dwelling in relation to the mud-water interface.

Naidid oligochaetes were concentrated at the
interface, i.e. rarely below a mud depth of 2~—4
em, which is in full agreement with previous works
by CotLe (1953), STANCZYKOWSKA (1966), SCHIEMEZR
er.zl. (1969), HowmiLer and Beeron (1970),
SARKKA and PAAsivIRTA (1972) and BRINKHURST
and BRINKHURST et.al. (in a series of works) and
others. By now it seems quite clear that most
naidids are more or less bound to the mud surface
— or to submerse vegetation (which was not
studied here).

On the whole, tubificids penetrated here con-
siderably deeper than naidids, even to depths of
about 15 c¢m in the mud, but with maxima of
concentration between two and four cm (cf. Lenz,
1931; Berg, 1938; PopousNaja, 1961; Poopus-
NajA and SOROKIN, 1961; BRNKHURST and KEN-
NEDY, 1965; SOROXIN, 1966; PaTaribzE, 1967;
ScrieMER et.al., 1969; Jonasson, 1969, 1972;
BRINKHURST et.al., 1969; SARKKZ and PaasivirTa,
1972). Some tubificid species like Limnodrilus
hoffmeisters, Potamothrix bammoniensis, and Po-
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tamothrix vejdovskyi were with few exceptions,
the most deep-penetrating species. Potamothrix
beuscheri and Tubifex tubifex were also capable
of penetrating deeply, while Aulodrilus pluriseta,
in particular, but also Bothrionexrum vejdovskya-
num, Aulodrilus pigueti and some other wubificids
displayed as superficial habits as any naidids, The
former tubificids are well-known deep-burrowers
(cf. SaPxAREV, 1959; PoDDUBNAJA, 1961; BRINE-
nurst and KENNEDY, 1965; JONasson, 1972;
SArxkA and PaasiviRTA, 1972) with the adule
worms generally penetrating deepest. These deep
migratory movements are not necessarily related
to feeding (see discussion). Awxlodrilus pluriseta
often occurs in mud rich in plant fragments
(BrmknursT and JAMIESON, 1971), which makes it
more or less bound to the mud surface. The 4.
pluriseta specimens picked out alive from the
sediment chambers of the sampler were all, on
each occasion, dwelling in tubes of clay lying on
the mud surface reminiscent of the tubes of some
chironomid larvae.

Bigger specimens of Chironomus plumosus were
easily distinguishable from other chironomid larvae
in that they were dwelling quite deep in the mud
(cf. Lenz, 1931; Bere, 1938; Bruwpmy, 1951;
Jonasson, 1969; SARKKA and PaAsivirTa, 1972)
— often down to 15 cm. It is difficult to say if
this is a consequence of repulsive movements by
the larvae away from the sampler. Most other
chironomid larvae were fairly well concentrated
to the upper two centimetres of the mud.

Pontoporeia affinis was generally found a few
centimetres below the mud surface, which is also
in good agreement with the author’s general ex-
perience. Ostracoda and Cladocera were located
close to the interface, while Copepoda as a rule
were the deepest penetrating organisms, Since the
bottom material was sorted alive with no pre-
serving additives there should be no confusion con-
cerning dead organisms in the material. In three
surveys out of four Cyclops spp. had their maxima
of occurrence at a depth of about ten centimetres
in the sediments. Cyclops specimens were quite
often found at depths of even about 20 centi-
metres. Wheather they were dormant or not is
difficult to say (cf. ELGMORK, 1959), but they were
all quite agile when sorted out.

—;‘!.-l__*

LY

Pisiids were genérally found in the top 2 cent- ¥

metres of the sediments, but they could also be
encountered deeper ~— at about 10 centimetres
{cf. also Berc, 1938, who found them at con-
siderable depths). '
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