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ABSTRACT

The distribution of the interstitial metazoans was studied quantitatively in four Swedish beaches,
three in the Baltic and one in the Skagerrak. As many as 1.5 x 10· individuals per m' were found
(Asko beach, south of Stockholm). Temperature, salinity, oxygen concentration and availability,
grain size, water contents and organic material were measured in connection with the sampling.

The oligochaetes, turbellarians and harpacticoids showed different degrees of submergence
landwards in the beaches with the oligochaetes near the sand surface, followed by the turbel­
larians and - deepest down - the harpacticoids. This may be explained by a difference in depen­
dence on water-saturation: the oligochaetes are more or less terrestrial, and the turbellarians can
move in a thinner water film than can the harpacticoids.

A correlation between the distribution of oxygen and certain species was found in several
cases. The microbial film on the sand grains is pointed out as an important food-source and the
utilization of dissolved (or precipitated) organic material in the interstitial water is discussed.

Of the other abiotic factors temperature and salinity had the greatest influence on the major
part of the fauna. Tolerance and preference experiments with these parameters were carried out
with the most common species in the beaches, 2 turbellarians, 4 oligochaetes and 6 harpacticoids.
Tolerance to high temperature was tested at 30 0 C. Most tolerant was the harpacticoid Parasteno­
caris phyllura with an LD 50 of 5-6 days, while the turbellarian Haplovejdovskya subterranea was
very sensitive (LD 50 = 16 h). These animals also inhabit the two margins of the beach - the
former the backshore and the latter the water's edge. Winter samples of totally frozen sand con­
tained live specimens of several species, e. g. Coronhelmis lutheri, the gastrotrichs Turbanella
hyalina and T. eomuta, many nematodes, the oligochaetes Marionina southemi and Aktedrilus
monospermateeus, Paras/enoearis phyllura, and the halacarid Halaearellus eapuzinus. The body
fluids of these animals may not have been frozen as the temperature in the frozen layers seldom
falls more than a few degrees below zero.

According to their salinity tolerances the experimental animals were divided into three classes.
The first, most euryhaline, class comprises the turbellarian Coronhelmis lutheri and the har­
pacticoids Schizopera baltica and Nitochra fallaciosa f haltica. The second dass is represented
by the oligochaetes Marionina southemi and Ak/edrilus monospermateeus and the harpacticoid
Nitoehra fallaeiosa. The most stenohaline class comprises Haplovejdovskya subterranea, Mario­
nina preclitellochaerQ and the harpacticoids Paraleptastacus spinicauda, Parastenocaris vicesima
and P. phyllura. The salinity tolerance tests clearly showed the importance of mucus secretion
as a protective mechanism in the first phase of adjusting to a higher salinity.

The optimum zones found through the preference tests with the different species generally
appeared to agree well with the field distributions.
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INTRODUCTION

In previous papers I have discussed the dynamics of the chief parameters in marine
sandy beaches, viz. oxygen (1968), grain size and pore water (1967b), tempera­
ture and salinity (1967 c). I have also described the distribution and reactions of
single interstitial species in relation to several abiotic factors in some sandy beaches:
Derocheilocaris remanei (1966b) and Parastenocaris vicesima (1967a). In the pre­
sent paper the whole meiofauna and its distribution will be treated and related to
the major parameters on the basis of laboratory experiments with the dominating

species.
Though numerous studies on the interstitial sand fauna have been published,

very few are quantitative. Pennak (1940) and Neel (1948) studied the mesopsam­
mon in North American lakes. Pennak (1942) described the zonation of intertidal
copepods near Woods Hole and Wieser (1960) studied the meiofauna of a benthic
community in the same area. Wieser & Kanwisher (1961) investigated the ecology
and physiology of marine nematodes from a small salt marsh. At Indian beaches
Ganapati & Rao (1962) and Govindankutty & Nair (1966) carried out quantita­
tive sampling and measurements of the more important environmental factors.
In France and in the Bahamas, Renaud-Debyser (1963) analyzed the faunal spec­
trum demonstrated an annual variation in the distribution of the animals and
poin;ed out the great effects of the tidal water movements on the dispersal and
concentration of the animals. At several stations along the French Atlantic coast
Renaud-Debyser & Salvat (1963) measured the biomass of the whole fauna in
tidal beaches and described food chains for two types of beaches. In Portugal,
Wells & Clark (1956) studied the intertidal distribution of interstitial crustaceans,
and at Miami, Florida, Bush (1966) demonstrated an irregular distribution of the
fauna in several beaches. Quantitative sampling of the sand microfauna and meio­
fauna has also been carried out by Fenchel & Jansson (1966) who studied the
vertical distribution of the animals in relation to distribution of oxygen, pH and
redox potential. Jansson (1967a) explained the distribution of the harpacticoid
copepod Parastenocaris vicesima on the basis of laboratory experiments a~d field
measurements. Fenchel, Jansson & v. Thun (1967) sampled the metazoan mterstl­
tial fauna, including nematodes, in a Danish beach and discussed the distribution
of the different species. Fenchel (1967) studied the quantitative relations between
the protozoans - especially the ciliates - and the micro-metazoans in Scandinavian

waters.
The present study has been supported by grants from "Anslaget fOr framjan-

det av ograduerade forskares vetenskaplige verksamhet", Hierta-Retzius' stipen­
diefond and Lars Hiertas minne. I am greatly indebted to my teacher, Professor
Lars Silen, Stockholm, for his posivite criticism and for valuable discussions. I
also thank Professor Karl Lang, Stockholm, for kind and generous help with the
identification of the harpacticoids, and Professor Tor G. Karling, Stockholm, for

valuable discussions, concerning the turbellarians. Professor Bent Christensen,
Copenhagen, kindly checked the determinations of some of the enchytraeids. I am
also in great debt to Dr. Carl-Cedric Coulianos, Stockholm, for lively and inspir­
ing ecological discussions and to my wife, Dr. Ann-Mari Jansson for valuable
advice on many ecological questions. Miss Lena Fernbrink skilfully sorted the
samples and made the diagrams.

MATERIAL AND METHODS

The quantitative studies were carried out at the same four localities as those stu­
died in Jansson (1967b, c, 1968), viz. Ask6 in the Baltic, about 60 km south of
Stockholm; Tofta, 20 km south of Visby, Gothland; Simrishamn on the Scanian
east coast; and Tyl6sand on the west coast of Sweden, 10 km north of Halmstad.
A description of the beaches and the climatic conditions of the respective areas is
presented in Jansson (1967c). These characteristics can be summarized as follows.
Ask6 beach is rather steep and composed of heterogeneous sand, Mdrp: 5S0fl-. The
ground-water pressure is great, and freshwater often occurs at a few metres dis­
tance from the sea which lIas a salinity of about 6.5 %0. The oxygen supply is quite
considerable and the organic material seldom occurs in amounts causing black
layers of decaying material or iron sulphides. Tofta beach is composed of homo­
geneous sand, Mdep: 400!J.. The slope is medium and the exposure softened by a
shallow sublittoral. The salinity gradient in the beach is steep, the oxygen con­
tents often depleted to zero at depths below 10-15 cm, and the amount of detritus
small. Simrishamn beach is very .exposed to the sea with a steep slope and a
coarse, very homogeneous sand, Mdep: l200!J.. The availability of oxygen is high,
owing to the great permeability and turbulence, and the flow of ground water
from the land is considerable, causing a rather steep salinity gradient of the in­
terstitial water. The amount of organic material is rather large, but due to the
rich oxygen supply blaCK layers seldom occur. Tyl6sand beach has a flat slope,
exposed to the sea and bordered landwards by tall dunes, which causes a high
ground-water pressure. The salinity consequently shows great fluctuations. The
sand is rather homogeneous and fine, Mdep: 300!J.. The oxygen supply is rather
limited, and irregular occurrences of organic material sometimes give rise to black
layers.

FIELD MEASUREMENTS

The slopes of the beaches were measured as done by Emery (1961). In other
cases the ground-water level was used as basis line in the diagrams. The difference
between the results deriving from these two methods is probably small. Tempera­
ture was measured with 0.1 0 C mercury thermometers, inserted in the walls of holes
dug in the sand, except for the winter studies, when the values were obtained from
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TABLE 1. Numbers of specimens obtained after successive washings of 10 em' samples TABLE 2. Numbers of specimens obtained after successive washings of samples filled to
from Tofta. Marionina anaesthetized in 10 % alcohol, Coelogynopora afterwards 5 times their own volume with 10 % alcohol. The stations represent Asko, locality B,

preserved in 80 %alcohol. 29 July 1965.

Washiog

I

Marionina subrerranea Coelogynopora schulzll Statioo IWashiog 00·1 Turbellaria 1Nematoda I Oligochaeta IHarpactiCOidal Halacarida
no. 0 % o' % 0 % o' % A 1-4 104 76 22 4

5 9 3 3
1 131

6
2 62
3 29 B 1-6 6 72 99 18
4 27 92 225 94 120 100 114 100 7 2 3
5 8

6 9
C 1-6 48 99 17

7 4 100 14 100
7 2 3

10 D 1-6 127 33

Total ...... 270 239 120 114
7 7 6

a multi-colour dotted-line recorder with platinum thermometers. Samples for sali­
nity determinations were obtained from various depths in the sand with a 1 ml
hypodermic syringe, and the specific conductivity was determined with a Wheat­
stone bridge. In the first studies, viz. at Tofta and Tylosand, the oxygen content
was determined by the Winkler method on samples obtained with a 30 ml hypo­
dermic syringe. On the other localities the availability of oxygen was measured
with a stationary platinum micro-electrode. The contents of pore water was deter­
mined by a carbide method and expressed as percentage of wet weight of the sand.
The grain size of the samples, from which the animals were picked quantitatively,
was analyzed according to Morgans (1956). The amount of visible organic mate­
rial was only estimated and classified from the no visible amounts (-), to more
than 20 % of the sample consisting of detritus (+ + +). Further information con­
cerning the measurements of the separate parameters can be found in Jansson,
1968 (oxygen), 1967b (grain size and pore water) and 1967c (temperature and
salinity).

SAMPLING THE FAUNA

The qualitative sampling was made as done by Chappuis (1946). A hole, 1 metre
in diameter, was dug to the ground-water level, the water intermittently stirred,
and the suspended animals collected by means of a net with 100 fL meshes. Tem­
perature and salinity were measured and the abundance of animals estimated.
The quantitative samples were obtained with a core sampler, giving successive
samples of 10 or 20 em'. Each core represents an area of 10 cm'. The sampler and
the mode of operation is described in Jansson (1967 b). The animals, transferred
from the sampler to small glass jars, were either studied alive, as in the samples
from Tofta and Asko locality B, or they were preserved in 70% alcohol. In both

cases the animals were first anaesthetized with 10% alcohol which was poured
into the sample after supernatant water had been removed by sucking through a
piece of plankton gauze. For preservation all free liquid was then sucked off and
80 % alcohol added. The animals were removed by gently shaking the sample
with sea-water or alcohol before pouring out the suspension, and this was repeated
four times. The efficiency of this method is shown in Table 1. Marionina subler­
ranea and Coe/ogynopora schulzii were chosen as representatives of forms with
numerous adhesive glands, and which therefore are most difficult to separate from
the sand. The oligochaetes were washed in an anaestetized state, the turbellarians
were preserved. After 4 washings 92 % of the oligochaetes were obtained, and the
remainder appeared after 3 additional washings. All the turbellarians appeared
after 4 washings.

At Asko, locality B, where only the horizontal distribution of the fauna was
studied, whole cores were taken. The largest sample which amounted to 760 em'
was treated in two parts. Each sample was washed 7 times with 10 % alcohol to
five times its own volume, and the animals secured were then transferred to water
from the habitat. The efficiency of this method is shown in Table 2. Nearly all
animals were obtained after 6 washings and when the sand was examined after
the 7th treatment no further specimens could be found. Anaesthetized animals
recovered rapidly when transferred to habitat water and there were no complica­
tions with the identifications.

A quantitative sampling was always accompanied by qualitative samples from
which a picture of the faunal composition was first obtained. The live specimens
from the qualitative samples were identified and afterwards fixed just as the quan­
titative samples. The appearance of the preserved and already determined speci­
mens was then noted and a simple "key" to preserved species of the separate
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groups was made. With this key to the dominating species even so delicate ani­
mals as turbellarians could in most cases be identified to species.

In order to obtain samples in winter, when the ground was frozen, lumps of
sand from different depths were broken off, brought to the laboratory and care­
fully thawed. Their volume and water content were roughly determined and, when
possible, also the salinity. The animals .were then washed out, identified and
counted.

In all samples the whole meiofauna was collected except for Collembola, which
were regarded as terrestrial. They very seldomly occurred in the quantitative
samples but were sometimes found in great numbers on the ground-water surface
in holes dug for qualitative sampling.

RESULTS

FIELD STUDIES

Asko

LOCALITY A. - For studies of the seasonal"variation of the fauna in the Ask6
beach qualitative samples were taken on 5 June, 9 August, 5 November, and
28 March 1963. The composition of the fauna in June, August and November is
shown in Table 3. The abundance of the animals was only estimated and grouped
in four classes from very few ( +) to very numerous (+ + + +). As the collecting
time was rather long and the amount of sand worked through correspondingly
large the animals must have been caught in proportion to their abundance, be-

TABLE 3. The abundance of interstitial animals in Ask6 beach 1963.LABORATORY EXPERIMENTS

The animals chosen for laboratory experiments were usually collected in the field
in connection with the quantitative sampling. They were kept in the laboratory
under controlled conditions, in water from the habitat, with natural food, in dark­
ness and at a temperature close to that of the field. The speciemens for the sepa­
rate experiments (adults or large juveniles - for harpacticoids males as well as
females) were mostly picked out a day in advance and kept in habitat water over
night to reveal the presence of any weak individuals, which were then replaced.
No food was offered during the experiments.

For the tolerance tests the various salinity concentrations were obtained by
diluting aged sea-water with distilled water. Small dishes were furnished with 5 mJ
of each concentration and the specimens were put directly into the water without
previous adaptation. The water was not changed during the experiment but solid
waste products were removed together with the dead animals. A specimen was
regarded as dead when it did not react to tbe touch of a needle. The results were
plotted as LD 50-curves and statistically treated with rank-sum test according to
Dixon & Massey (1957 p. 289ff.). All tbe curves in the diagrams are eye-fitted.

The preference experiments were carried out according to the methods used
by Jansson (1962). The chambers were kept in darkness at the same temperature
as during the pretreatment of the animals. The number of animals in each expe­
riment - "n" in the diagrams - refers to the number of living specimens after tbe
experiment. Very few individuals died during the experiments. The results were
treated with the x2-test to show whether the obtained values differed significantly
from each other.

TURBELLARIA

Macrostomum curvituba .

Provorlex pallidus .
Haplovejdovskya subterranea ....
Coronhelmis mullispinosus ..
Corollhelmis lutheri .
Prognathorhynchus canaliculatus .

GASTROTRICHA

Turbanelia hyalina
Turbanelia lutheri . ...

NEMATODA

OLIGOCHAETA

Nais clinguis. . . .
MorioninG southerni .
MOTionina subterranea .
Lumbricillus lineatus .
Aktedrilus monospermatecus

HARPACTICOIDA

Parastenocaris phyllura .
Huntemannia jadensis .

HALACARIDA

Halacarellus cafuz;nus .

ENVIRONMENT

Distance from water's edge, metres
Temperature, CO .

Salinity, %0 S .

June

++

+

++++

+
+++

+++
++

+++

++

I
15.\

3.7

August

+++
+

+++
++

+

++

+++

+++
+

++

++++

2
18.3
0.1

November

+

+++

+

+

+
+

1
4.5
0.4
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Depth cm.

FlG. I. Vertical section of the upper metre of the beach at Asko, 28 March 1963, with tempera­
ture variations at different depths. The distribution and abundance of the animals are shown in

Table 4.

4

80·84

L D

8
3 16

18

2

50 75 50 40 15 500 15
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OLIOOCHAETA
Marionina southemi 2 29 16
Marionina sp .
Aktedrilus monospermatecus

HARPACTICOIDA
Parastenocaris phyflura 4 14

Other species .

TABLE 4. The numbers of animals in 700 em' frozen sand at various depths. The state
of tbe animals after thawing of the sample are indicated by L = living and D = dead.
Asko beach 28 March 1963, same station as in Table 3. The environmental conditions

are shown in Figure I. The nematode figures are approximate.
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was now situated 4 m further seawards. The nematodes were dominating among
the living animals. The oligochaetes were well represented, especially by Mario­
nina southerni. Two thirds of the few gastrotrichs were alive. Among the harpac­
ticoids several specimens of Parastenocaris phyllura were alive. Halacarellus capu­
zinus was quite common and most specimens were alive. Only one turbellarian
was found, a live specimen of Coronhelmis lutheri.

Quantitative samples were also taken on 7 August 1963. The weather had been
steady and sunny with weak winds during the preceding two weeks. Measure­
ments of the chief environmental factors are shown in Fig. 2. The salinity gradient
was very steep - freshwater was found already 2 m landwards. Two days earlier,
however, the water line was situated 0.5 m further landwards and the salinity at
St. B was 3.8%0 (Jansson, 1967c, fig. 14). The lowering of the sea level took place
during the preceding night. The distribution of pore water is irregular. Low values
in rather deep layers were measured at St. C at 25 em depth and at St. D at 35 ern

cause the differences due to patchy distribution of some species have been equa­
lized. On basis of experience from previous samplings in the same areas the sta­
tions were placed in the most densely populated zone and the separate samples
are therefore well comparable. The same station was sampled every time, the
longer distance to the water line in August being caused by an exceptionally low
sea level which also caused low salinities. The most outstanding feature is the scar­
city of animals in November, which was also apparent in samples from the same
area two weeks later. The fauna showed a maximum in August and especially the
turbellarians were more numerous than in lune. Marionina southerni and Para­
stenocaris phyllura, so numerous in the summer months, were this year very rare
in late autumn.

The winter conditions of the beach are seen in Fig. I. Below an ice cover of
20 em the sand was frozen down to the underlying bed of blue clay. No unfrozen
water could be detected as also indicated by the solidity of the sand. The tempe­
ratures were very uniform: at 40-85 em, ~.4 to -I.2°C; at 20 em, -1.2 to
-2.3°C; and at 0 em, +1.0 to -8.0°C. The number of animals in each sample
from each 10 em interval is shown in Table 4. The depth figures indicate the dis­
tance from the ice surface, and each sample comprises 700 em' sand. The salinity
at 50-60 em depth, where the amount of water was sufficient for a determination,
was 0.7%0. The station is the same as that of lune-November, but the water line

HALACARIDA
Halacarellus capuzinus

EGGS

Unideotified, olive green . 28 60

2

24

11 11

43

6

12

7 4

12



TABLE 5. The interstitial fauna at Asko beach, locality A, 7 August 1963. nand n' are duplicate samples, taken a few decimetres apart. Corresponding environmental data are presented in Figure 2.

n
2

n' n
4

n' n 6 n' I n 8 n' I n 10 n' I
Depth cm

12
n n'

14
n n'

16
n n'

18
n n'

20
n n'

22
n n'

24
n n'

26
n n'

28
n n'

30
n n'

Total
n + n'

ind/
10cm'

++ ++ +++ ++
5 3

DETRITUS
Macrostomum curvituba , .
COTonhe/mis mulrispinosus .
Haplovejdovskya subterranea .
Turbellaria .
Marionina southern; _

A MOTionina subterranea .
Enchytraeidae .
Aktedrilus monospermalecus , ..
Nematoda .
Turbanella lutheri .
Parastenocaris phyllura ..........•..........
Cyclopoida .
Halacarellus capuzinus .

DETRITUS
Macrostomum curvituba .
Coronhelmis mu/tispinosus .
Haplovejdovskya subterranea ..........•..•...
Pro vortex pallidus .
Turbellaria . .
MOTionina southern; .
MOTionina subterranea .

B Enchytraeidae .
Akledrilus monospermotecus .
Rotatoria . .
Nematoda .....................•....•.
Turbanella lutheri .
Parastenocaris phyllura .
Harpacticoida .
Cyclopoida .
Halacarellus capuzinus .
Acarina sp. .. . .

+
I 2

12 II

I 6
120 117

6
12 8
4 6

41 8
I

4 15
19 4
27 28

I
I 4

340 188
129 112

I
34 9

3
80 29

69 II

3
7 16

9
4 26
3

++ +
3 14
8
2

36 99
I 3

2
7

II II
1

17 15
I
4

+ +
5
I 5
5 2
I 10

12 13

2
4 I
6 4

12 7
I

+
2 13
3 3
4

I
2 4

I
7 3
I

13 26

2
2

4 2
22 9

2
6 3
8 I

12 24
5

I
3 2

12
I

17

5

108 576

I
I 2
2
4

I
4 4
I 4

45 14
20 32

I 2

2
5
4

I
2

I
I

10 4
I

123 244
I

2
2

I
2

6 7

159 115

I
I
6

2

2 2

122 59

18
33
12
29

325
6

34
62
76

116
58
4
9

782

67
50
79

I
8

693
245

6
51

5
182

3
1657

2
4
I
I

305

39

109

DETRITUS + +
Macrostomum curvituba .
Coronhelmis multispinosus .
Haplovejdovskya subterranea .
Turbellaria .

C Marionina southerni . 100 28
Enchytraeidae.. . . . . . . . . . . . . . . . . . . . . 13
Aktedrilus monospermatecus .......•.........
Nematoda. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 24 4
Parastenocaris phyllura . . . . . . . . . . . . . . . . . . . . . . 3 I
Acarina , .

++ +

I
47 47

19 35
15 13

I

+ +

I
52 45

I
18 24
71 17

+

22 106

11 16
14 31

++ +

I
18 32

I

19 21
48 II

+ +
2
I

4 2
16 14

24 8
84 38

1

+

2
I I
7 5

18 8
78 103

+ +
2
I
4

6

17 13
56 49

4

II 7
30 62

+ +

7 9
22 26

7
4

10
14

557
14

I
313
772

2

164 43

DETRITUS + +
Coronhelmis multispinosus .
Haplovejdovskya subterranea .
Turbellaria .

D Marionina southerni 2 4
Enchytraeidae .
Nematoda................................. 2
Parastenocaris phyllura .
Acarina .

+ +

26 20
3

2 4

2

+ + + +

52 47 117 159

5 16 26 20
2 19 2

+ ++ ++ +++

16 138 30 126

14.12 13 17
19 15 31 6

++ ++ ++ +
I

19 9 9

15 27 14 20
35 33 13 36

+ +

7

18 7
55 4

++ +

9 15
37 47

+ +

7 6

26 2
67 47

+ +

I
2 I
5 2

10 4
55 43

+ ++

7

II 12
22 5

+ ++ ++

3 6 9
16 14 15

I

I
I
3

831
3

339
638

2

1818 30
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FIG. 3. The distribution of animals at Asko, locality A, 7 August 1963. The figures represent
specimens per 20 cm3• Corresponding environmental data are presented in Fig. 2. The total

fauna is listed in Table 6.

~
u

:c
l-
n.
w
Cl

6
U>
».....
Z

4 ::;
-<

2 v>
:'0

0
D

\
I
.""'.

eB

- .... -. .L- ••

/
'",

A

" ,
" ,

...... .............. ,

'.

S%.

j

I
'''''.\

0<300

f\?~l 300- 500 ~
}>

Wri1] 500-700 z
V>

nIIIm 700-900 ;;:

OJ]] 900-1100 -c:

_ >1100

OXYGEN AVAILABILITY

g 0 2' ](l7,. crii2• minI

r------o r-o------t ..---, r-------1

.__. PORE WATER 0 150 150 150 15

%WET WEIGHT

o

5

15

10

10

20

30

25

20

o

30

40

60

30

j 40

:c....
0...
W

Cl

FIG. 2. The distribution of some environmental factors at Asko, locality A, 7 August 1963.
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Depth Stations

em A B C D

o __ ... 19.2 28.2 22.0 21.3
5 ....... 19.7 25.6 21.6 21.2

10 ....... 19.5 20.6
15 ....... 19.3 19.2
20 ... 18.5 18.0 19.6
30 . __ .... 18.4
35 . __ . __ . 17.5
50 ....... 17.3

TABLE 6. The distribution of temperature (oq in
Asko beach, locality A, 7 August 1%3_

stomum curvituba, Coronhelmis multispinosus and Haplovejdovskya subterranea.
All of them occur in the upper 10 to 12 cm, with a horizontal maximum at St. B.
H. subterranea is most abundant in the uppermost cm of the sand.

The gastrotrichs, represented by Turbanella lutheri, were found nearly exclusive­
ly at St. A, 4-6 em depth.

Aktedrilus monospermatecus showed a maximum at the water line and was
also common at St B, but further landwards only 2 specimens were found. Mari­
onina subterranea was concentrated in the uppermost cm at St. B with more than
170 individuals per 10 ems. Marionina southerni was found at all stations. The
greatest density was found at the surface of St. B, but it occurred in large numbers
also at St. C and D where hardly any other oligochaetes were present.

The harpacticoids were, except for a few, unidentified specimens, represented
only by Parastenocaris phyllura. It was the most abundant animal in the whole
beach with a maximum at St. B but found abundantly also at St. C and D. The
greatest density was 288 individuals per 10 cmS at 6-8 cm depth in S1. B. The dis­
tribution was very extended vertically at St. C and D.

The only halacarid, Halacarellus capuzinus, was concentrated in St. A.
LOCALITY B. - This is situated about 400 metres further south on the beach

(Jansson, 1967c, fig. 1). Here whole cores were taken to the ground-water level on 30
July 1965. The weather had been steady for several weeks and the salinity constant
for at least 17 days. The gradient was rather fiat - 5 m landwards the salinity was still
as high as 5.1 %0 (Fig. 5). The temperature was high in the upper layers, but below
5 cm depth and downwards moderate values were found. The substrate was very
heterogeneous, but mostly very coarse. Distinct layers of different grain sizes often
traversed strata of more homogeneous sand. At St. D and E fresh rootlets from
the sparse dune vegetation of Elymus arenarius pierced the sand. The amount of
organic material was moderate, except at St. E which had great amounts of half­
decomposed algae (Table 7). Though neither oxygen nor pore-water content were

STATIONS

FIG_ 4_ The distribution of animals at Asko, locality A, 7 August J963_
Further explanation in Fig_ 3_

0
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o

and upwards_ The oxygen availability also shows an irregular distribution_ St B
(and probably also St A) has the greatest availability_ In St. C only the areas
around 10 cm depth offers good oxygen conditions for the animals. The grain size
is dominated by the 300-500 !J- fraction, but in the vicinity of the ground-water
level coarser fractions occur- The distribution of temperature is shown in Table 6_
The amount of organic material is moderate except for St. A, 8-10 em depth and
St. D, 12-14 cm depth (Table 5)_

For the quantitative studies two core samples were taken at each station, 20­
30 cm apart and at equal distances from the sea. In order to show the variation
of the fauna laterally in the beach both of them are presented in the diagrams_
Figs_ 3-4 clearly show that there may be considerable differences in the numbers
of specimens at corresponding depths, but that the positions of maxima, both
vertically within the separate cores and horizontally in the beach, correspond
welL A list of all the animals found in the separate samples is presented in Table 6_
St. B has the largest number of animals with an average of 109 indjlO cmS_

Corresponding figures for the other stations are St. A, 39; St. C, 43; and StD,
30 indjlO cmS_ Transformed to individuals per cm' the maximum is not quite so
dominating, viz_ from station A landwards: 39_1,152_7,84_7, and 90_9_

The turbellarians are represented by three equally abundant species: Macro-
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FIG. 6. The distribution of animals at Asko, locality B, 30 July 1965. The corresponding
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dashed lines in the grain-size diagrams indicate the ground-water levels, which at F and E were

situated at 0 and 95 cm depth, respectively.



18 BENGT-OWE JANSSON

TABLE 7. The interstitial fauna at Asko, locality B, 30 July 1965. Corresponding environmental
data are presented in Figure 5. The figures to the left in each column represent the actual number

of specimens, the figures to the right express ind/lOO em'.

Stations

F A B C D E

DETRITUS ++ + ++ + +++
MacroslOmum curvituba .. 3 2.5 I 0.3
BOlhriomolus ballicus 59 49
Haplovejdovskya subl. ..... I 0.9
Jensenia angula/Q ... ...... 2.5 3 2.7 0.4
Pseudocyrtis subterranea .. 3 2.7
COTonhelmis mullispinosus 2 0.8
Provorlex kar/ingi ........ 0.3
Carcharodorhynchus subl. .. 0.3 0.2 2 0.3
Promesostoma nyaesiensis .. I 0.4
Turbellaria .... . . . . . . . . . . I 0.8 0.9 2 0.8
Turbanello hyalina ........ 4 3.3
Nematoda ............... 88 73 83 75.5 74 26.6 411 14.9 180 30.6 271 35.2
Nais e/inguis ............. I 0.9
MOTionina southern; ... 57 43.2 52 47.3 41 16.4 18 5.6 18 3.1 6 0.8
MOTionina subterranea . ... 4 3.3 16 14.6 20 8.0 34 10.5 2 0.3 2 0.3
Enchytraeidae ............ 9 7.5 18 16.4 32 12.8 43 13.3 41 7.0 25 3.1
Enchytraeid cocoons ...... I 0.9
Akledrilus manospermalecus 22 18.3 2J 19.1 6 2.4 2 0.3
Schizopera ballico ........ 27 22.4 22 20 5 2.0 6 1.9 0.2 2 0.3
Nilochro [ollaciosa f. baltica 25 20.8 2 1.8
Paraleptastacus spinicQuda . 16 13.3 8 7.3 12 3.6 II 3.4 I 0.2
Paras/enDearis vicesima .... 2 0.8 2 0.6 18 3.1
Calanoida ....... 0.9 I 0.9
Cyclopoida .............. 54 44.8 2 0.8 I 0.3
Nauplii ....... .......... 7 5.8 5 2.0 4 0.9 4 0.7
Halacarel/us capuzinus .... 23 19.1 2 1.8 5 2.0 3 0.9 I 0.2

Total ................... 402 333.6 237 234.8 211 84.4 173 53.6 267 45.4 310 40.3

measured the smell and appearance of the substrate at the separate stations did
not indicate anaerobic conditions, especially not at St. F-B.

The horizontal distribution of the most numerous animals is shown in Fig. 6_
The turbellarians were concentrated at the most seaward stations; Bothriornolus
balticus was restricted to St. F, but in large numbers, and Jensenia angulata oc­
curred sparingly from St. F to B.

The gastrotrichs were represented by Turbanella hyalina, which was found
only at the most seaward station.

The oligochaetes dominated at this locality, with the same species as at Loca­
lity A. Aktedrilus rnonosperrnatecus was again found in largest numbers near the
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TABLE 8. The interstitial fauna at Tofta beach, 21 July 1959. Corresponding environmental
data are shown in Figure 7.

JI I

Depth cm I-I ~E
I 2 4 6 7 8 9 10 11 12 13 14 ~ :o~15 I- .s:-

DETRtTUS
Turbellaria .... 4 4 4 5 4 I 5 8 36

A Xenolrichulo velox ... 174 97 28 27 17 30 35 169 133 272 983
Nematoda .......... 7 1 8
Morionina subterranea 2 6 12 22

--
1048104.8

DETRITUS
Turbellaria ....... 6 7 2 6 2 2 26

B Trichocerca sp. ... 41 23 J4 2 80
Xenolrichula velax ... 16 12 15 10 32 II 3 3 109
MOTionina subterranea 1 I 4 4 I 2 4 17

232 23.2

DETRITUS +
Turbellaria .. 1 8 9

C Trichocerca sp. ..... I I I I I 2 9
X enotrichula velox ... 1 26 4 6 2 4 8 14 81
Nematoda .......... 13 I 14
Morionina sublerranea 84 28 112

225 15.0

water line, while Marionina subterranea showed a maximum further landwards.
Marionina southerni occurred in large numbers at St. F and A, but was also found

at the other stations except St. D.
The harpacticoids were rather abundant. Paraleptastacus spinicauda and Para­

stenocaris vicesirna have already been treated by Jansson (l966a). The former spe­
cies showed a maximum at St. F, but was also well represented in A-C. The latter
species occurred in small numbers at St. C and D. Schizopera baltica had a similar

distribution to that of Paraleptastacus spinicauda and was equally numerous. Ni­
tochra jallaciosa f baltica was concentrated at the water's edge.

Nematoda were numerous at all stations, but showed a minimum at St. B-C.
In total the fauna was very rich at the two most seaward stations with 334-235

individuals per 100 cm'. From St. A to B there is a sudden drop in the abundance,
which then successively decreases landwards. At the two most landward stations

there were hardly any animals, except for nematodes.
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FIG. 7. The distribution of some environmental factors at Tofta, 21 July 1959. The sand was
anaerobic below 4 cm depth at St. B, and below 29 cm at 51. C.

Tofta

Some of the abiotic factors of the habitat were measured in connection with the
quantitative sampling on 21 July 1959. The weather during the preceding week had
been dry and steady. The salinity gradient was very steep; already at 80 cm distance
from the sea the interstitial water was fresh (Fig. 7). Four days earlier, salinities
between 7 and 11 %0 were measured at 1 m distance from the sea (Jansson 1967 c,
fig. 10). The temperatures at the three stations where samples were taken were
moderate at the time of collection, but had surpassed 29°C at the surface of St. C
about three hours before sampling. The oxygen content decreased rapidly with
depth, reaching zero at 4 cm depth at St. B and below 10 em at St. A. At St. C
water could not be obtained until a depth of 27 cm, where no trace of oxygen
could be found. The sand was rather homogeneous, especially at St. C, where all
the samples had mean grain sizes between 200 and 400 fL. Visible organic material
was nearly absent. (Table 8). Though the content of pore water was not measured,
the two seaward stations could be regarded as saturated to the surface. St. C. ap-
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FIG. 8. The distribution of animals at Tofta beach, 21 July 1959. The figures represent specimens
per 10 cm3

. Corresponding environmental data are presented in Fig. 7.

parently had high percentages of water below 10 cm depth. All the animals found
in the samples are listed in Table 8. The fauna is apparently very poor. Coelogy­
nopora spp. were the dominating turbellarians. The distribution of the animals is
illustrated in Fig. 8. The dominating animals are the gastrotrichs, represented by
Xenotrichula velox, found in large numbers at St. A and more sparingly at Band
C. The vertical distribution shows a pronounced minimum at 5 cm depth, St. A.
The rotatorian Trichocerca sp. was abundant in the upper cm at St. B, but de­
creased markedly landwards. Marionina subterranea was found at all stations, but
showed a maximum at the surface of St. C. The nematodes were remarkably few
and were totally absent at St. B. The number of animals at St. A was more than
4 times as large as at St. B, where the number was slightly larger than at St. C.

Simrishamn

The investigation was carried out on 4-5 December 1963. The weather before the
sampling had been rainy with moderate winds, but the intervening night was steady
with no precipitation. The data from St. C and D - which are based on collections
made on the second day - are therefore comparable with those from St. A and B.
Data on environmental factors are shown in Fig. 9. The salinity gradient was
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TABLE 9. The interstitial fauna at Simrishamn beach, 4-5 December 1963. Corresponding environmental data are presented in Figure 9.

c Depth em.2 I Iindl;;; Total 10 em'
tii 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72

DETRITUS + + + + + + + + + + + + + +
Pseudocyrlis subl. 2 7 7 3 19
Macrostomum curv. ... 2 3
Kalyptorhynchia ..... I
TurbeUaria .......... 2 2

A Lumbricillus knoell. ... 2 1 4
Lumbricillus sp........ 2 2 2 2 8
Enchytraeidae ... 1
Akledrilus monosp. .... 2 3
Nilochra [allaciosa .... 2 2
Halacarellus cap. 6 6

49 1.8

DETRtTUS + + + + + + + + +
Pseudocyrtis subl. 2 I 2 3 3 2 16 4 11 12 13 6 I 2 83
Macrostomum curv. ... 6 1 I 6 20 37
Kalyptorhynchia ..... I 3
Turbellaria . . . . . . . . . . 1 I 3
Lumbricillus knoell. ... 14 14 4 10 7 2 9 3 4 2 7 8 112

B Lumbricillus sp.. I I 2 2 I 13
Enehytraeidae ........ 4
Akledrilus monosp. .. I 2 3 7
Nilochra [allaciosa .... 2 2 2 4 3 4 6 39
Paraleptastacus spin. .. 1 3 4
Cyclopoidea .. 2 2
Halacarellus cap. 1 8 11

318 5.9

DETRITUS + + + + + + + + + + ++ ++ + + + + + + + + + ++ ++ ++ ++ ++ ++ ++ ++
Pseudocyrtis subl. 3 1 6 2 2 4 4 1 3 27
Macrostomum curv. ... 4 3 4 I 24
Turbellaria .......... I
Lumbricillus knoell. . .. 2 4 2 I 7 9 8 5 4 15 6 7 7 2 1 102
Lumbricillus sp........ I 1 I 2 12 5 2 2 I 2 I 2 2 1 43

C Enchytraeidae ........ 1
Akledrilus monosp. .... 2 2 1 14
Nitochra [allaciosa .... 2 2 2 6 18
Paraleptastacus spin. .. I
[tunella muelleri . ..... 1 2
Halacarellus cap. 2 2 2 6 12 27

260 3.6

DETRITUS + + + + + + + + + + + + + + + + + + + ++ +++ +++ +++ +++ +++ +++ ++ ++ ++ + + + + + +
Macrostomum curv. ... 4 1 1 1 7
Nematoda ........... I
Lumbricillus knoell. 8 4 II 4 9 9 2 2 3 4 5 10 8 7 97
Lumbricillus sp........ 1 4 4 II 2 2 2 2 40

D Enchytraeidae ........ 3
Aktedrilus monosp. ... 2 2 9
Nilochra [allaciosa .... 4
[tunella muelleri . ..... I
Schizopera inorn. 6 2 9
Halacarellus cap. . .... 2

173 2.5
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FIG. 11. The distribution of animals at Simrishamn, 4-5 December 1963.
Further explanations in Fig. 10.
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Depth
Stations

em A B C

0 ...... 2.3 2.5 1.0

5 ...... 3.0

10 . . . . . . 3.0

15 ...... 2.7

20 ...... 3.1 2.2

30 ..... 3.5

40 ...... 3.3 3.3

50 ......
60 ...... 4.3 4.5

80 ...... 5.4

100 ......
115 ......

TABLE 10. The distribution of temperature (0C) at
Simrishamn beach 4-5 December 1963.
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very steep between St. A and B, and landwards from St. C freshwater filled the
interstitial spaces. The oxygen content of the beach was high. Because of the great
permeability, the circulation of pore water must have been considerable. Especi­
ally at the two seaward stations the movements of the seawater caused high, but
fluctuating, values of oxygen availability (Jansson, 1968). Because of the low
capillarity in the coarse sand, the contents of pore water in the beach were re­
stricted to a level a little above the ground-water level. This is a very characteristic
feature of the Simrishamn beach compared to other beaches (Jansson, 1967b).
The temperatures measured at various depths in the beach are presented in Table
10. The range was very small with values of I-3°C in the surface layers and 5-6°C
at about I m depth in the landward stations. The sand was very coarse and ho­
mogeneous especially at the two innermost stations. Visible organic material was
found in great amounts at 40 to 58 cm depth at St. C, but also the deeper parts of
St. C had rather large amounts (Table 9).

All the animals found in the quantitative samples are listed in Table 9, and
the distribution of the more common forms is shown in Fig. 10-11. The dominat­
ing turbellarians were Macrostomum curvituba and Pseudocyrtis subterranea. The
former was found at all stations with a maximum at St. B at 44-46 cm depth. The
latter shows a more continuous distribution from St. A to C, but most of the ani­
mals were concentrated at St. B at 32-42 cm depth. Both species were found only
at depths below 10 cm.

Among the oligochaetes the enchytraeids were the most numerous. Several
species of Lumbricillus were found, one of which could be identified as L. knoell­
neri, though with some uncertainty as the animals were not quite mature. It was

common at all stations except at St. A and had a wide vertical distribution. Land­
wards the maximum of distribution within each station occurred closer to the
surface. Aktedrilus monospermatecus was less abundant, though present at each

station.
Halacarellus capuzinus. which was the only halacarid found, occurred at all

stations. The separate maxima were always situated in the vicinity of the ground-

water level. '
Only few harpacticoids were found. Nitochrafallaciosa was the most abundant,

occurring at all stations below 16 em depth with a maximum at St. B. There was
a tendency to accumulation of animals near the ground-water level at all stations.
A few specimens of Paraleptastacus spinicauda were found at the two middle sta-

tions.
Thus, the fauna is most numerous at St. B, but also St. C and D have fairly

large numbers, mostly because of the large number of enchytraeids.

Tylosand

The period before the sampling day (20 September 1959) had been sunny with
some wind, and the sea never reached St. D. Data on abiotic factors at the time
of sampling are shown in Fig. 12. The salinity gradient was rather fiat with 6%.,
S 13.4 m from the sea. The oxygen content was only measured at St. A C, and D
and values from the same area at other times of the same day are presented in
Jansson (1968, table 4). They all indicated fairly large amounts of oxygen in the
foreshore. The grain size successively decreased landwards. It was rather hetero­
geneous at St. C but became more homogeneous landwards with a very good
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TABLE II. The interstitial fauna and relative amounts of detritus at Tylosand beach. 20 September 1959. Corresponding environmental data are presented in Figure 12.

c
.2 Depth in em I I indl;;; Total 10 em'
Vi 2 4 5 6 7 8 9 10 11 J2 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

DETRITUS + + ++ ++ + +++ +++ +++ +++ +++
Turbellaria ... I

A Nematoda ........... I 6
Marionino preclit. .... 2 3
Harpaeticoida ..... I

II 1.8

DETRITUS ++ + ++ ++ ++ ++ ++++++++++++
Turbellaria .......... 1 7

B Nematoda ........... 2 5 4 13 2 31
Enehytraeidae........ 1 1

39 3.9

DETRITUS + + + + + + + + + + ++ + + + +
Turbellaria . 22 1 I I 1 2 I 2 16 47

C Nematoda ........... 9 8 3 10 3 12 1 7 I 2 I 57
Diurodrilus min. ., ... 85 42 80 106 163 6 I 23 12 5 523
Harpacticoida ........ 8 1 6 5 II 4 4 40
Halaearidae ......... I 1 2

-
669 44.6

DETRITUS + + + + + + + + + + + +
;. +

Turbellaria ..... 1 2 I 2 1 7
D Nematoda ........... 2 46 28 7 2 5 2 106

Marionino preclit. .... 3 2 1 6
Diurodrilus min. 8 170 139 43 75 145 33 24 23 9 13 2 2 694
Harpaetieoida ........ II 17 2 I J 32

845 40.2

DETRITUS + + + + + + + + + + + +,. + + + + + + + + +
Nematoda ... 2 2 2 6

E MOTionina preelit. JI 7 54 5 1 3 4 4 2 2 105

Enehytraeidae........ II 2 2 J J6

Diurodrilus min. 11 6 3 5 26 15 33 16 20 J37

Harpaetieoida ........ 1 1

265 9.8

DETRITUS + + + + + + + + + + + + + + + j- + + + + + + + + + + + + + + + + + + ++
Turbellaria .......... 2 6 9 3 J 1 22

F Nematoda ........... 2 10 6 J6 I I 2 2 4 1 2 1 1 1 2 60

Marionina precUt. .... 3 32 24 72 39 21 2 10 I I 30 I 2 2 I 243

Harpaeticoida ........ I I J I 2 J 2 2 1 2 1 8 7 4 52
-
377 9.4
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Depth Stations
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o ....... 15.4 15.3 14.8 15.3
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TABLE 12. The distribution of temperature (DC) at
Tylosand, 20 September 1959.
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FIG. 13. The distribution of animals at TylOsand beach, 20 September 1959. The figures represent
specimens per 10 cm'. Corresponding environmental data are presented in Fig. 12.
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TABLE 13. The origin and pretreatment of the animals used in the laboratory
experiments.

sorting at St. E. The sand further landwards apparently had the same properties
as at St. E, but this were not measured. The physical aspect of the grain-size
distribution at Tylosand is discussed in Jansson (l967b). Large amounts of detri­
tus were found between 6 and 10 cm depth at St. A and B (Table 11). All other
samples contained small or, in a few cases, moderate amounts. The temperatures
in the beach are shown in Table 12. They ranged from 14.0 to 16.0°C.

All the animals found in the samples are listed in Table 11 and the most im­
portant species in Fig. 13. The turbellarians were all small, unidentifiable forms.
There were rather few except at St. C at 3 and 15 cm depth. The number of nema­
todes increased successively landwards to a maximum at St. D, but decreased
rapidly further landwards. The most abundant animal in the beach was the archi­
annelid Diurodrilus minimus. It was found only at St. C-E where it sometimes
reached considerable abundance. The most densely populated layers in these sta-

Species Experiment Habitat Pretreatment

Haflovejdovskya Sal.-tolerance Asko, 6.6 %. S, 6.S o C 6.6 %. S, 10°C, 4 days
sub/erronea Temp.-tolerance Asko, 6.6 %. S, 6.S o C 6.6 %. S, 10°C, 23 days

Coronhelmis Sal.-tolerance Asko, 6.2 %. S, 20° C 6.2 roo S, 5°C, 12 days
lutheri Temp.-tolerance Asko, 6.2 %. S, 20° C 6.2 roo S, 5°C, 12 days

MOTionina Sal.-tolerance Tofta, 7.5 %. S, 19° C 7.5 %. S, 16-18°C, I day
sub/erronea Temp.-tolerance Tofta, 2 roo S, 16° C 2 roo S, 2Q-22°C, 2 days

MOTionina Sal.-tolerance Asko, 8.2 %. S, 16" C 8.2 %. S, 15°C, 2 days
southern; Sal.-preference Asko, 6.5 %. S, 17° C 6.5 %. S, 15°C, 4-10 days

Aktedrilus mona- Temp.-tolerance Tofta, 6.2 roo S, 18' C 6.2 roo S, B-J7°C, 17 days
spermatecus

Schizopera Sal.-tolerance Asko, 5.8 %. S, 15° C 5.8 %. S, 4'C, I day
baltica Sal.-preference Asko, 5.8 %. S, 15° C 5.8 %. S, 4-7°C, 1-5 days

Nitochra falla- Sal.-tolerance Asko, 6.6 roo S, 6.S o C 6.6 %. S, 10'C, 22 days

ciosaf Sal.-preference Asko, 6.8 %. S, 16° C 6.8 roo S, IS'C, 5-7 days

baltica Temp.-tolerance Asko, 6.6 roo S, 6.S o C 6.6 roo S, 10°C, 22 days

Nitochra Sal.-tolerance Simris-
fallaciosa harnn, 6.3 %. S, 5° C 6.3 roo S, S'C, 40 days

Sal.-preference Simris-
hamn, 6.3 %. S, 5° C 6.3 %. S, S'C, 38-39 days

Paraleptostacus Sal.-tolerance Asko, 6.6 %. S, 6.S'C 6.6 %. S, 10'C, 3 days

spinicQuda Sal.-preference Asko, 4-6 %. S, 8' C 6-7 %. S, 15°C, I day
Temp.-tolerance ASKO, 6.6 roo S, 6.5°C 6.6 %. S, 10°C, 12 days

Parastenoearis Sal.-tolerance ASKO, 0.1 roo S, 8.6'C 0.1 roo S, 10'C, 3 days

fhylluro Temp.-tolerance Asko, 0.1 roo S, 8.6°C 0.1 roo S, 10°C, I I days

0'--'~-1t.6--2~4.----~32;;-----,4~0-'48~--t;8--;;------;;2~4---;3~2--40-!;;--47.8::.l

TIME IN HOURS

FIG. 14. Tolerance of Haplovejdovskya subterraneo to 30°C in different salinities (n 25).
19-21 November 1964.

tions were situated between 6 and 10 em depth. Landwards a displacement to­
wards deeper strata could be seen. Marionina prec/itellochaeta was the other do­
minating species in the beach. With the exception of 6 specimens at St. A and D,
all the animals were found at St. E and F, with a maximum at the latter station.
Vertically the layers from the sand surface down to 10 Cm depth were the most
densely populated. The harpacticoids occurred in moderate numbers and were
concentrated at St. CoD and F. While most animals at the seaward stations were
distributed within the upper layers, they showed a maximum at 35-40 em depth
at the most landward station.

Taken as a whole the abundance of the interstitial fauna at Tylosand had a
very definite maximum at St. C-D, and a minimum at St. A.

LABORATORY EXPERIMENTS

Only experiments on the significance of salinity and temperature were carried out,
as I believe that these parameters are the most important ones in the beaches
studied. As the effects of these two factors upon the organisms are almost impos­
sible to separate they are here treated together and the results are presented with
the experimental animal as a unit.

The origin and pretreatment of the animals are summarized in Table 13. In some
cases further pretreatment was undertaken and this will be noted for each case.



Haplovejdovskya subterranea

The results of the salinity tolerance tests are shown in Fig. 15. Five hours after
the animals were transferred to the test concentrations, all the specimens in 30%0
S were imbedded in a thick mantle of mucus and were more or less motionless.
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FIG. 16. Tolerance of Coronhelmis lutheri to 30·C in different salinities (n = 20).

5 July-IO August 1966.

In 15%., S they were clearly smaller and more sluggish than normal, and a slower
locomotion was also typical of the specimens in the concentrations of 5%0 S or
less. The greatest activity was shown by animals in 10%0 S and in the habitat
water, and this lasted during the whole experiment. The secretion of a mucus
mantle was typical of all the specimens kept in extreme salinities but after five to
ten hours the animals left the mucus envelope and started creeping around. As
clearly shown in the diagram the survival rate was significantly higher in 5 to 10%.,
S and in water from the habitat than in the other salinities. Rain-water was en­
dured better than water of 0.1 %0 S.

The tolerance to a temperature of 30°C is shown in Fig. 14. All specimens
died within 48 hours at all three salinities, but they survived longest in 5%.,.
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The results of the tests are shown in Fig. 17. After 8 hours the specimens in
distilled water were very swollen, those in 0.1 %0 S sluggish, some of them adhering
to one another, animals in 0.5%0 S were nearly normal and those in 5%0 S quite
normal. The animals in 10-15 %0 S were rather thin but crept lively around, while
those in 30%0 S were more sluggish. After 24 hours all the animals in 0.5-15%0 S
were very active, those in 15%0 S being thinner than the others. All specimens in
30%0 S were lively. After 45 hours the conditions remained nearly unchanged for
30 days, whereafter the experiment was terminated.

The rate of survival at high temperature, 30°C, is presented in Fig. 16.
Whereas the animals in 0.1-0.5 %0 S died within the first 12 hours, there was a sig­
nificantly better survival in 5 %0 S and in habitat water (6.2 %0 S) and still better
in 15%0 S.
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FIG. 17. Tolerance of COTonhe/mis lutheri (n = 10) to different salinities at IS·C.
30 June-29 July 1966.
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Coronhelmis lutheri

Twenty-four hours before the start of the salinity tolerance experiments the ani­
mals were transferred from the storing temperature, SoC, to the experimental
temperature, 15° C.
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FIG. 20. Tolerance of Marionina sub/erral/ea to different salinities at 19-21 'C. 7-9 August 1960.

obtained but the specimens used apparently thrived well in salinities from fresh­
water to ISroo S.

The preference experiments were carried out in collaboration with Mr. Ragnar
Elmgren, Stockholm, as an introduction to his experimental studies on the signi­
ficance of adaptation for the salinity preference of this species (Fig. 19). The ani­
mals clearly reacted in the different salinity gradients and were in good condition
after the separate experiments. Of the concentrations offered, M. southerni signi­
ficantly preferred 3%0 S.
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FIG. 19. Salinity preference of Marionina soU/hemi at 15'C. 3-9 July 1965.
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Owing to the great tolerance of this species, the salinity experiments had to be
terminated before total LD 50-curves had been obtained for all of the test coun­
centrations (Fig. 18). The survival was high in rain-water to 15%0 S and a signifi­
cant difference was not found until between 15 and 20%0 S. In 20 and 30%0 S 50%
of the animals lived for more than a week. A clear optimum was therefore not

Marionina subterranea

This species survived for a surprisingly short time in the salinity tests (Fig. 20),
except in 5%. S, where only 50 % of the animals were dead after 50 hours. The
tolerance was significantly lower both to higher and to lower salinities, and the
animals only survived for 2-3 hours in rainwater.
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The temperature tolerance was tested at two temperatures with the animals in
water from the habitat (2%0 S) (Fig. 21). While all the animals lived during the
whole experiment at 5°, about 50 % were dead at 30°C already after 5 hours.
The animals at 5° were very contracted, many of them fastened to the bottom of
the dish. The low temperature had apparently induced secretion from the large,
dorsal, setal glands in the posterior part of the body. At 30° the specimens be­
came sluggish already after a few hours and after 4 hours the mortality increased
rapidly.
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FIG. 23. Tolerance of Schizapera baltica to different salinities (n = 40).
24 AuguSI-19 September 1962.

40

80
Rain- ./'water

: --- m_um

_ m --- ~:7L,::,~.;;,;:,:,:._u_
.,:.--'-'-'--' ! ,

00 4 8 12 16 20

20 .:--'__0__'__'-'---: .--:-"
Of-~'-----____' _ ____'__---'--_ __'__-'-_"__f-":..:._=.>-~.~_-____'_.=_:::__o~-_-~~.~_-____'_.~__. ",.__0......._-/

100

high tolerance to intermediate temperatures. It has been kept in water and some
sand from the habitat in ordinary Petri dishes at 21-24°C for more than two
months without noticeable mortality in the population.8060·20 AO
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Two days before the start of the temperature-tolerance experiments (Fig. 22)
the animals were transferred from the storing temperature of 13-17° to 22-23°C.
At 5°C the specimens lay tightly rolled up, but they became active at the increase
of temperature during examination. At 35°C they soon became sluggish and
about 50 %were dead after 4 hours. Though no controlled tolerance experiment
was carried out at room temperature Aktedrilus monospermatecus has shown a

FIG. 22. Temperature tolerance of Aktedrilus manospermatecus. 6-10 October 1960.
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FIG. 25. Tolerance of Nilochra fallaciosa f ballico to different salinities at 5'C (n = 25).

17 November-20 December 1964.
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FIG. 24. Salinity preference of Schizopera ballico at 19'C.

R - rain-water. 24-29 August 1962.

Schizopera baltica

Two hours before the start of the salinity-tolerance experiment the animals were
acclimatized to the experimental temperature, l7 0 e. Data on the experiment were
taken once a day during 26 days. The animals showed a very high tolerance in all
salinities offered except in rainwater where LD-SO was reached after 7 days (Fig.
23). The most natural behaviour was shown by the specimens in 1.2-2.Sroo S. In
30%0 S they were less active, mostly due to secretion of mucus which totally im­
bedded 3-4 specimens, which had to be carefully disentangled. This also occurred
to some individuals in 5 and 10%0 S, though the mucus here was limited to a few
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small strands from the hind and ventral part of the abdomen. On the 19th day
several nauplii were released in the 20roo S experiment, and already after 4 days
they resembled the adults, though the number of segments was less. On the 23rd
day nauplii were found also in the 5%0 S experiment. Several moultings were noted
during the experiment.

The results of the preference experiments are shown in Fig. 24. The animals
were acclimatized overnight to the experimental temperature, 19°C. As the pre­
ference for rain-water is rather unexpected, the experiments were repeated several
times with other alternative chambers, different ways of washing out of the sepa­
rate sides after the' end of the experiment etc., but always with the same strong
preference for the lower concentration (see discussion, p. 61).

NilOchra jallaciosa f baltica

This species is apparently very sensitive to rain-water (Fig. 25). Though one
ecdysis was noted in this concentration, the animals rapidly became inactive and
died. The survival in 0.1 %0 S was somewhat better but significantly lower than in
the higher salinities. There is thus a distinct increase in the survival rate between
0.1 and 5%0 S. The tolerance is lower to 5%0 than to 10-30%oS. During the whole
experiment only one specimen died in 10%0, and the animals kept at this salinity
showed a slightly greater activity than those kept in 15-30%0 S. Eggs were hatched
in salinities from 5 to 15%0 and in habitat water. After two weeks only the nauplii
kept in 10 and 15%0 S were living, though some mortality had occurred.

To study the salinity optimum of N.jallaciosaf baltica, which in the tolerance
experiments seemed to be situated above 5%0 S, preference experiments were
made, the results of which are shown in Fig. 26. Five separate experiments were
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FIG. 27. Tolerance of Nitochra fallaciosa f baltica to high temperature (30·C) in different
salinities (n = 25). 17 November-I December 1964.
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made with the same alternatives, the results of which are pooled. The animals
significantly preferred 10%0 S.

The tolerance to 30°C is shown in Fig. 27. The survival period in 0.1 %0 S was
very short - 88 %were dead after 24 hours. Though the Ld 50-values in 5 and
15 roo S are of the same magnitude the second half of the 15 %0 S-population lived
longer.

Nitochra jallaciosa

The tolerance to rain-water was very low - 88 %of the specimens were dead after
13 hours (Fig. 28). The survival rate in 0.5 %0 S was much greater, but also here the
animals soon became weak. On the third day they lay on their backs motionless,
reacting only to a touch of the preparation needle. The range of salinities tolerated
by this animal is apparently very broad, i.e. from somewhere between 0.5 and
5%0 to at least 20%0 S.

The results of the salinity-preference experiments are rather surprising. (Fig_
29). The successive tests pointed to a highly significant preference for I roo S, but
towards the still lower salinities there was apparently no clear limit - the animals
made no clear choice between 1roo S and rain-water.
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FIG. 26. Salinity preference of Nitochra fallaciosa f ballica

at 15·C. 23-25 July 1965.
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FIG. 29. Salinity preference of Nitochra fa/laciosa at 20' C.
R = rain-water. 14-15 January 1964.
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Paraleptastacus spinicauda

The results of the salinity-tolerance tests are shown in Fig. 30. The tolerance to
freshwater is low and in 0.1 %0 S Ld 50 was reached after less than 5 hours. Opti­
mal conditions appeared to exist between 10 and 15%0 S. Secretion of mucus was
noted both in rain-water and in 30%0 S.

The results of the salinity-preference experiments are shown in Fig. 31. The
animals preferred 10 rather than 1roo S, but hardly discriminated between 5 and
15%0 or 5 and 10%0 S. The activity in the alternative chambers was very high
- the animals skilfully crawled in the thin layers of sand on the bottom.

While 50% of the population lived for 12-13 days at 5°C at optimal salinity
concentrations, the corresponding figure for the tolerance at 30° C was 3-4 days
(Fig. 32). When the animals kept in 0.1 %0 S were taken from 30°C to room tem­
perature (23°C) for examination they at first lay immobile, but they soon recovered
and after 10 minutes they crept lively around. In the higher concentrations the
animals constantly showed an abnormally high activity. The tolerance in 15%0 is
greater than in 5%0 S.

Nitochro
fa Ilacioso

ORIG. MEDIUM 6.3%.
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DISCUSSION

tion the animals also showed the most normal activity during the whole experi­
ment.

The temperature tolerance was tested at 4 different temperatures: 5, 15, 25
and 30° C (Fig. 34). The greatest differences in the survival rates in the three sali­
nities were found at the low temperatures. The survival rate was for all tempera­
tures lowest in 15%0 S. At 5 and 15°C the survival rate was clearly highest in
5%." but at 30°C the animals live longest in 0.1 %0 S. There was a great differ­
ence in survival rate between 25 and 30°C. For 0.1 and 5roo the LD 50-values
are about II days at 25° and 3-5 days at 30°C. At the latter temperature the
animals were paralyzed, lying immobile on the bottom of the dishes, but they
soon became active when transferred to a temperature of 20-23°C.
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This species is very tolerant to rain-water (Fig. 33) in which LD 50 was reached
after 25 days, In 30%0 S, 88 % of the animals were dead after 16 hours. The
intervening curves show that the optimum is around 5%0 S. In this concentra-

As shown by the quantitative investigations of the fauna, many animals are distri­
buted in characteristic patterns in the beach. When trying to explain this we have
to look for correlations between the distributions of the animals and the environ­
mental factors. These differ mostly in two directions, vertically and perpendicular
to the shore, while the conditions are more homogeneous in directions parallel to
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the shore line. This has been proved for oxygen content and grain size by Jansson
(1968, 1967b). The amount of organic material, however, often shows patchiness,
and this may be one of the reasons why the interstitial fauna laterally sometimes
shows an irregular distribution. The problem of patchiness within microhabitats
has been discussed e.g. by Nielsen (1945) and Lackey (1961), both of whom stress
the importance of the microlimatic conditions. Nielsen took his samples within
areas as homogeneous as possible and he therefore assumed that the aggregations
of the enchytraeids might be due to differences in mortality, natality and local
oviposition. As the chief environmental factors were investigated in my studies
and were nearly identical in most of the parallel samples, the major differences in
the distribution of the animals might be due to characteristics in the life history
or in the distribution of food. As the extent and composition of the organic film
around the sand grains were not measured in this investigation, nothing can be
said about the distribution of this food fraction. The role of bacteria as food for
the interstitial fauna has been stressed by several authors and this may have a
definite significance, especially when other environmental conditions are optimal.

WATER CONTENT

Of the several parameters on which the distribution of the interstitial animals
depends, the content of pore water certainly is the most important one (Jansson,
1967b). Many animals were found deeper down landwards due to the decreasing
amounts of water in the surface layers. At Asko St. C, t\J.e turbellarians (Fig. 3)
were restricted to layers below 4 cm depth, where the amount of water was above
7-8 %wet weight (Fig. 2). Paraslenocaris phyllura was found successively deeper
from St. B with a maximum at St. B at 5-10 cm depth to 18-24 cm at St. D (Fig.
4). The same is true for Marionina southerni (Fig. 3), though to a less conspicuous
extent. In Sirnrishamn beach the distribution of pore water was very conspicuous
as the pore-water content above the ground-water table rapidly decreased to a
few per cent (Fig. 9). Several species were totally absent from the upper 10-18 em
(Figs. 10-11): Macrostomum curvituba, Pseudocyrtis subterranea, and Nitochra
fallaciosa. Halacarellus capuzinus was not found above 28 cm depth (St. A). Both
the harpacticoids and the halacarids clearly submerged landwards. The water
content was not measured at Tylosand but since the sand of the landward stations
was dry at the surface a vertical gradient must have existed. The fine sand and
the comparatively deep ground-water level suggest the presence of a successively
decreasing water content upwards with reasonable amounts even near the surface
at the most landward station. Diurodrilus minimus (Fig. 13) with a maximum at
5-7 cm depth at St. C and D was found mainly at 25-28 cm depth at St. E. Also
here the harpacticoids (Fig. 13) show a successive submergence from the upper­
most 7 cm at C and D to 35-40 cm depth at St. F. Marionina preclilellochaeta
submerges only slightly landwards (Fig. 13).

Of the major taxonomical groups the harpacticoids are the most sensitive ones
to decreasing amounts of pore water. The turbellarians are less sensitive and the
oligochaetes are almost indifferent. This causes a stratification in the landward
stations with harpacticoids at the bottom, turbellarians in the middle and oligo­
chaetes near the surface. Concerning the harpacticoids this general scheme is sup­
ported by the findings of Pennak (1942), who found the largest populations at the
low tide mark in the uppermost 4 cm of sand, and near the high tide mark at 12­
16 cm depth. If his values of the average horizontal and vertical distribution of
Copepoda at the stations 6.0, 7.5 and 9.0 (- high tide) metres landwards from the
low tide line (op. cit., table II) are compared with the amounts of water, expres­
sed as per cent saturation at corresponding layers (op. cit., table IV), we find an
approximate lower limit at saturation values around 45 %. For the Asko beach
(Fig. 2) this corresponds to about 7 %water of the wet weight, the saturated sand
at the ground-water level having an average of 16 % water. Areas with a water
content of 7% of the wet weight or more are at St. B found through the whole
core, at St. C at 5-20 cm depth and at St. D below 40 cm depth. As Pennak's
values are average values of the distribution of several species (different from those
found in Asko beach) we cannot expect a complete correspondance. Parastenocaris
phyllura (Fig. 4) occurs in the whole core at St. B and between 5 and 20 cm depth
at St. C, but at St. D we do not know the lower limit of distribution since this
species still occurred at 30 cm depth where the core ended. At this station the
highest pore-water content above the ground-water level was measured at 20 em
depth (5.7 %) and Paraslenocaris showed a weak maximum at this depth. At Sim­
rishamn beach (Fig. 9) the upper limit for the distribution of the harpacticoids
ought to be situated in St. A at 26 cm, in St. B at 48 cm, in St. C at 78 cm, and
in St. D at 108 cm depth. Due to the length of the cores this can only be tested
for St. A and B where the agreement is rather good (Fig. 11). The reason for this
submergence may be that the harpacticoids can only migrate in water and are
therefore readily stopped by the air-filled spaces between the still water-filled pore
necks.

The dominance of the oligochaetes in the upper layers clearly reveals their
terrestrial origin. Their morphology enables the animals to move and thrive even
in far from fully saturated pore spaces. Landwards the fauna therefore shows
increasingly terrestrial features, and the oligochaetes, especially the enchytraeids
are dominating. The sandy beach successively passes into a soil habitat with in­
creasing amounts of fine particles and organic material. The sand fauna is replaced
by a soil fauna. Already the backshore shows some terrestrial features. Instead of
measuring the water content of the substrate, pF-curves (Nielsen, 1959) must be
obtained at the extreme landward limits of the beach. A coarse, sandy soil with
a water content of 3%of dry weight corresponds to a pF of 2.7 and at these low
values the enchytraeids cannot move - the limit of locomotion being about pF-3.9
(Nielsen, 1959). According to the same author these animals are uncapable of
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reacting to a moisture gradient as they quickly accumulate in small areas which
have larger contents of water, e.g. around roots and debris, and become isolated
when the surrounding substrate dries (op. cit., p. 167). This will probably only
happen occasionally in sandy beaches as the substrate is more homogeneous.

The importance of water content as a limiting factor for the distribution of
interstitial animals has further been stressed by de Zio & Grimaldi (1964, 1966)
who showed that the tardigrade Batillipes pennaki was more abundant in deeper
layers with increasing distance from the water line. Pennak (1940) found very few
animals in freshwater beaches in layers with less than 10 %saturation. Ganapati
& Rao (1962) found a poor fauna both in the fully saturated and in the nearly
dry layers.

The abundance of animals generally decreases towards the ground-water table.
This is in contrast to the findings of Renaud-Debyser (1963, p. 142), but in her
beaches the tidal movements certainly prevent the establishment of a stable ground­
water level, typical of non-tidal beaches and often characterized by poor oxygena­
tion.

OXYGEN

Though no areas with extremely poor oxygen conditions with formation of
black layers were found, some areas showed low values: Asko, S1. B at 15 cm
depth, St. Cat 15-30 cm depth and St. D at 35 cm depth (Fig. 2). At Tofta no
oxygen was recorded below 10, 4 and 29 cm depth at S1. A, Band D respectively
(Fig. 7). At Simrishamn the availability was very low at St. D at 95 cm depth
(Fig. 9). The distribution of several species is influenced by these oxygen minima.
Since the values from Tofta are concentration values and the figllres from Asko
and Sirnrishamn values of the oxygen availability, correlations between the bea­
ches cannot be carried out. At Asko most species showed a maximum occurrence
at the surface layers of St. B (Figs. 3-4), probably due to the concurrent maximum
oxygen content. At St. C the aggregations of Haplovejdovskya subterranea, Macro­
stomum curvituba and Parastenocaris phyllura at 10-15 cm depth corresponded to
a maximum in the availability of oxygen. The high frequency of air-filled pores
and the small amounts of organic material at St. C point to favourable oxygen
conditions, though actual oxygen measurements could not be carried out. Mario­
nina southerni is very abundant in these layers (Fig. 3). At Tofta (Fig. 8) Tricho­
cerca sp. is restricted to the upper oxygenated layers at St. B. At St. A the oxygen
concentration measured in connection with the sampling, was 1.88 mg/I at 10 cm
depth. On that occasion weak waves passed the station. One hour earlier when
wave action was much less, as it had been all the morning, the corresponding value
was only 0.38 mg/1. The distribution of Xl!1lotrichula velox with a large maximum
immediately above IO cm depth may have been a result of this poor oxygenation.
At Sirnrishamn St. B (Fig. 9) the low oxygen availability values at and above 45
cm depth might have been caused by a water content so low that the whole elec-

trode surface was not moistened. If so it is not surprising that aggregations of
Pseudocyrtis subterranea and Macrostomum curvituba were found in these layers
(Fig. 10). At Tylosand St. C the oxygen concentration increased from the surface
almost down to 10 cm depth (Fig. 12). The maxima of Diurodrilus minimus and
the haipacticoids lie in this region (Fig. 13).

Pennak (1940) interpreted the distribution of the majority of the rotifers in
freshwater beaches as a response to the different oxygen concentrations. Jansson
(I966 b) correlated the vertical distribution of mystacocarids in a Mediterranean
beach with differences in oxygen availability. The harpacticoid Parastenocaris
vicesima was restricted to layers with an oxygen availability surpassing 1 x 1O-7g
O. x cm-' X min-1 (Jansson, 1967a). He also found the distribution of the tur­
bellarians and nematodes in a brackish-water beach to correspond to the distribu­
tion of the oxygen concentrations (1968). Fenchel & Jansson (1966) correlated
the vertical extension of the microfauna, especially the ciliates, with the oxygen
availability and the redox-potential of the sediments of a brackish-water beach.
Fenchel, Jansson & von Thun (1967) made a complete analysis of the interstitial
metazoan fauna in a sandy beach in the northern 0resund and correlated the dis­
tribution of the different species with the distribution of salinity, temperature,
grain size, water content and oxygen availability. Gray (1966, 1967) found that
ProlOdrilus symbioticus and P. rubropharyngeus preferred the higher oxygen con­
centrations in experiments with oxygen gradients. That oxygen is an important
factor for the distribution of interstitial animals is thus a well established fact,
but the lower tolerance limits for interstitial animals have not been established.
Ivleva (1960) found that 45 % of a sample of Enchytraeus albidus were still alive
after 18.5 hours in an oxygen-free medium. Wieser and Kanwisher (1961) meas­
ured the respiration of marine nematodes from a soft-bottom community and
showed that several species could survive anaerobic conditions. Nielsen (1961)
measured the respiration of soil nematodes and enchytraeids and found a higher
respiration rate for the nematodes. There are few data on the tolerance of sub­
strate-living microfauna to low oxygen tensions. Even if the respiratory rate is
known, we know little of how the animals can withstand periods of poor .oxygen
supply. Newell & Northcroft (1967) showed that a variety of intertidal macro­
animals have two rates of oxygen uptake, a high one which is temperature depen­
dent and corresponds to activity ("active metabolism") and a slow, temperature
independent one, corresponding to quiescence ("maintenance metabolism"). In
the latter state the animals are therefore well suited to survive in surroundings with
a high temperature and a low oxygen content. Furthermore, Teal & Carey (1967)
demonstrated that marsh crabs (Uca and Sesarma) under anaerobic conditions
show a metabolism which is only '/. of that found during aerobic conditions. Such
capabilities of adjusting to adverse oxygen conditions may also exist among inter­
stitial animals, but this aspect has not been studied. Nor have any studies on the
relation between oxygen availability and the distribution of marine animals, except
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those by Jansson (1967 a), been carried out. The only relevant data on the signifi­
cance of the oxygen supply for the distribution of the fauna in the beach is the
lower tolerance limit of Parastenocaris vicesima which is around 1 x lO-'g 0' x
cm-2 x min-I. As this animal is very small, about 0.3 mm long, we may assume
that this value is comparatively high. Zeuthen (1947, p. 157) has shown, however,
that the proportionate decrease of respiration, following an increase of body
volume is smaller the smaller the animals. This value was therefore used as a
reference value when classifying the layers poor in oxygen.

GRAIN SIZE

The grain size may sometimes vary within very small distances and animals with
sliding locomotion have been shown to be distributed according to these varia­
tions (Jansson, 1967 b with discussion of the literature). Thus,Marionina subterrallea
showed a preference for sand of 125-500 fL and Parastenocaris vicesima for 125­
250 fL grain diameter. However, the effect of grain size upon the fauna is mostly
exerted through other factors, e. g. water content, water circulation and oxygen
availability. Since the animals thus seem to be unable to distinguish differences in
grain size smaller than about 200 fL, the grain size is given with intervals of this
size in the diagrams. Comparing the grain-size diagram for Asko (Fig. 2) to the
distribution of the animals (Figs. 3-4) the only apparent correlation is seen at St.
B, 5-6 em depth, where Parastenocaris phyllura has a distinct minimum in a layer
of coarse sand. The worm-like body and wriggling mode of locomotion of this
animal indicate that this correlation is not fortuitous. Tofta beach is very homo­
geneous (Fig. 7) and an affinity for one of the two plotted grain sizes cannot be
traced in the distribution of the animals (Fig. 8). For Simrishamn the grain-size
diagram shows a patchy distribution (Fig. 9) as does the animal distribution
(Figs. 10-11), but because of lack of laboratory experiments the interdependency
is uncertain. Nematodes were totally absent except for one specimen, perhaps be­
cause the coarse substrate is unsuitable for a sliding locomotion. Tylosand has a
rather homogeneous sand (Fig. 12), and the distributions of the meiofauna species
cannot be correlated with the variations in the grain size (Fig. 13). Only the distri­
bution of Parastenocaris phyllura at Asko seems thus to be dependent on the
grain size. The mode of locomotion of the nematodes indicates that their distribu­
tion may be dependent on the grain size, but as they were not determined to spe­
cies or size this could not be investigated. Besides the nematodes, Marionina sub­
terranea could be expected to be distributed within layers of defined grain sizes
and at both localities where it was found, Asko and Tofta, tbis was in fact the
case. (Figs. 3, 8). The question of grain-size dependence of the sampled animals
may therefore have two answers. Either the animals do not really react to diffe­
rences in the grain-size composition or the stress of the other environmental fac­
tors overshadows these.

DETRITUS

Besides the valuable work of Perkins (1958) little work has been done on the food
and feeding of the interstitial fauna of sandy beaches. Diatoms - an important
food source for the sublittoral sand-microfauna - are mostly absent, except in the
superficial layers. Detritus has therefore been regarded as a major source of food
for many interstitial groups by several authors, e. g. Remane & Schultz (1935),
Remane (1952) and Renaud-Debyser & Salvat (1963). In his comprehensive stu­
dies along the German coasts, Noodt (1957) observed ingestion of detritus by
most of the harpacticoids. Muus (1967) found detritus to be necessary for the rear­
ing of some harpacticoids. Nevertheless, some authors have found a very rich
interstitial fauna inclUding harpacticoids in beaches with very small amounts of
detritus (Pennak, 1942; Renaud-Debyser, 1963). Ganapati & Rao (1962) found
no correlation between amounts of detritus and the distribution of the fauna. This
indicates tbe utilization of another source of food - the microbes. Jansson (1966 b)
suggests that the amount of bacteria on the surfaces of the sand grains does not
necessarily follow the distribution and concentration of visible organic matter in
the beach. Wood (1967) stressed the importance of the finest particles of estuarine
sediments - mostly consisting of a large number of microbes, including bacteria
- as food for many bottom-feeding species. The harpacticoids are supposed to
feed largely on bacteria (Mare, 1942; ZoBell, 1946; Smidt, 1952). The amount of
bacteria in the beach, supplemented with suspended microbes in the seawater, is
increased if the sand of the beach is fine and the salinity concentration of the sea
high (Wagner & Schwartz, 1963). Meadows & Anderson (1966) studied the distri­
bution of various microbes on the surfaces of the sand grains of some beaches.
The distribution of bacteria showed a maximum at the sand surface between mid­
tide level and low water. Dissolved organic material is found in greater concen­
trations in the interstitial water of the beach than in the water outside (Stangen­
berg, 1934; Pennak, 1940). As dissolved organic material has a tendency to aggre­
gate in seawater, forming "marine snow" (for a short review see Riley, 1963) this
may constitute a food source for the interstitial fauna. Baylor & Sutcliffe (1963)
clearly showed tbat this material had a nutritive value in feeding experiments with
Artemia salina. Sutcliffe, Baylor & Mentzel (1963) showed that dissolved organic
matter aggregates around small air bubbles, and electrostatic forces combined
with high water circulation may substitute the air bubbles in producing organic
aggregates in the sand. If so, these aggregates are likely to adhere to the surface of
the sand grains, thus forming part of the organic film, which by Gray (1966,
1967) and others has been shown to constitute the attractive factor for sand­
living animals. This film must certainly be of nutritive importance.

My own studies showed that the detritus was very irregularly distributed in
the beaches. The greater amounts, e. g. at Sirnrishamn St. C (24-28 cm depth) and
Asko, locality A, St. A (6-10 cm depth), were not correlated with the maximum
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CORONHELMIS LUTHERI 15° C , I

SCHIZOPERA BALTICA 17° C , I

NITOCHRA FALLACIOSA F. BALTICA 5° C I I

AKTEORILUS MONOSPERMAHCUS ZI·n° C I I

NITOCHRA FALlACIOSA 5°C I I

MARIONINA SOUTHERNI 15°C I I

MARIONINA PRECLITELLOCHAETA 21° C I I

HAPLOVEJDOVSKYA SUBTERRANEA 5° C r---;

PARALEPTASTACUS SPINICAUDA 5° C j----------j

PARASTENOCARIS PHYlLURA 5° C ~

PARASTENOCARIS VICESIMA 15° C f-------l

MARIONINA SUBTERRANEA 19·ZloC H

as a brackish water species on the basis of its geographical distribution (Ax, 1956),
but it is very interesting to find such a high tolerance within the same population.
Reuter (1961) demonstrated how three isolated populations of the holeuryhaline
turbellarian Gyratrix hermaphroditus showed different salinity tolerances. The spe­
cimens from a forest pond had a much narrower tolerance zone than the speci­
mens from a coastal pond and from brackish water, and each of the groups had
a different number of chromosomes. Other tolerance experiments with turbella­
rians are few: Rees (1941) studied the temperature and salinity tolerance of Mono­
coelis fusca and found good correspondance between the tolerance ranges observed
in the laboratory and in the field. Schmitt (1955) found high survival for Planaria
gonocephala and P. lugubris at 3 and 5%. S, respectively.

Schizopera baltica and Nitochra fallaciosa f baltica are described from Asko
by Lang (1965), and have so far not been found elsewhere. Both species produced
nauplii in my experiments. Those of Schizopera baltica survived and grew rapidly
at 1r C both in 20 and 5%. S, but of the Nitochra nauplii released at 5° C in 5 to
15%. S, only those in 10 and 15%. survived. This also points to a difference in tole­
rance to lower salinity concentrations between these two species as shown in Fig. 35.

Of the second group Nitochra fallaciosa is a euryhaline and eurotopic species,
which in the Baltic is often found in coastal ground-water (Noodt, 1955). Both

FIG. 35. Salinity optima, based on the tolerance experiments with the different species.
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The results of the laboratory experiments with salinity and temperature show
that many species exhibit a physiological ability to withstand strong fluctuations
of these factors. An interpretation of the role of these two parameters for the dis­
tribution of the animals is only possible when the responses of the species are
known. In Fig. 35 the optimum salinity zones found in experiments with 12 dif­
ferent species, are plotted. These zones have, of course, no sharp limits but they
represent the salinities where the survival rate at the temperature listed was
highest. The zones may be divided into three classes with successively narrower
ranges of salinity tolerance: 1) 25-30%.-range represented by Coronhelmis lutheri,
SChizopera baltica and Nitochra fallaciosa f baltica. 2) 15-19 roo-range: Nitochra
fallaciosa. Aktedrilus monospermatecus, Marionina southerni. 3) 5-7.5%o-range:
Marionina preclitellochaeta, Haplovejdovskya subterranea. Paraleptastacus spini­
cauda, Parastenocaris phyllura, P. vicesima and Marionina subterranea.

Coronhelmis lutheri was remarkably tolerant (Fig. 17). This animal is regarded

density of the fauna. In the laboratory, however, detritus concentrations in the
culture dishes sometimes attracted certain species. A half-decomposed piece of
Zostera, initially free from animals, was after a little while invaded by 30 Mario­
nina southerni. 6 Aktedrilus monospermatecus and 10 nematodes. Other animals,
known to prefer accumulated debris, are Marionina subterranea and Lumbricillus
knoellneri (Nielsen & Christensen, 1959). This was not demonstrated in my quan­
titative samples, however.

Another feeding-type which must be considered is the predator. According to
Remane (1952) predators occur among turbellarians, nematodes and ciliates. The
scarce investigations on food and feeding of the benthic meiofauna give poor
data for a discussion, but from the few existing facts "it becomes increasingly
clear that many of the marine benthic animals that have been called "predators"
actually behave as deposit feeders most of the time" (Wieser, 1960, p. 135). The
thorough investigation of Perkins (1958), for instance, hardly revealed any meta­
zoan prey in the gut of representatives of the meiofauna. The present investigation
deals only with few animals known or suspected to be predators. Macrostomum
curvituba is known to be a very voracious species and has been found to contain
both oligochaetes and turbelJarians (Kading, in Luther, 1960) as well as rotator i­
ans, diatoms and flagellates. I have seen animals filled with diatoms probably
originating from freshly deposited detritus. Pseudocyrtis subterranea may be a
predator as it has a rapid locomotion as well as a comparatively large size.

Most of the collected animals no doubt feed on what is usually called "detri­
tus" in the widest sense of the word, including all kinds of organic debris as well
as living microorganisms such as bacteria, which, thus, offers a large number of
food niches to the animals.
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Marionina southerni and Aktedrilus monospermatecus are known from a wide sa­
linity range (Hagen, 1951, in Remane, 1958).

Of the species with a narrow salinity optimum (group 3) Marionina prec/itel­
lochaeta is very little known. It has been recorded from Sweden (Jansson, 1966),
Denmark (Nielsen & Christensen, 1963; Fenchel, Jansson & v. Thun, 1967) and
France (Lasserre, 1966). The French specimens occurred in 18 to 33roo S, but at
TylOsand I have collected this species in salinities from 0 to 7.4roo. Studies on the
salinity response of different geographical populations therefore seem necessary.
Marionina subterranea is a well-known enchytraeid from the coastal ground
water, and is regarded as very euryhaline (Nielsen & Christensen, 1959). The
remarkably limited optimum around 5%0 S in the tolerance tests (Fig. 20) is not
representative for the Baltic population of the species. More typical is surely the
similar survival in salinities from 1.3 to 15%0' Nevertheless, M. subterranea was
always found within 1 metre from the water's edge at Tofta beach, the locality of
the "experimental" population, where the salinity mostly is about the same as
that of the sea (7 roo S). Haplovejdovskya subterranea, described by Ax (1954) from
Finland, is mostly found in coastal ground water (Luther, 1962) and is regarded
as a typical brackish-water species (Ax, 1956). This is further stressed by the nar­
row salinity optimum at 5-10%0' The remaining species in the class with the nar­
row salinity range, the harpacticoids, comprises both marine and limnetic species.
Paraleptastacus spinicauda is an euryhaline, marine species, bound to sandy areas
and often found in coastal ground water (Noodt, 1953). Its lower salinity limit is
8-3(2)%0 (Noodt, 1957). This is in agreement with both the tolerance and prefe­
rence results (Figs. 30,31). Parastenocaris vicesima and P. phyl/ura are both fresh­
water species and characteristic members of the subterranean fauna of the conti­
nents, but both also thrive in brackish water of low salinity. P. vicesima with an
upper tolerance limit of around 8roo S (Noodt, 1957) is the characteristic species
of the coastal ground water in brackish-water beaches. It is often found together
with the more oligohaline freshwater species P. phyl/ura (Noodt, 1957). The results
of the tolerance tests with P. vicesima (see Jansson, 1967a) as well as with P.phyl­
lura agree well with these field results. The tolerance to 10%0 S is clearly higher
for P. vicesima.

The preference for a certain salinity is certainly a less fixed characteristic of an
animal than the tolerance. For that reason the tolerance zones, not the preferen­
ces, are plotted in Fig. 35. In spite of the different temperature conditions during
the experiments the optimum zones are well comparable as the temperatures - by
no means extreme - are not likely to exert a greatly differing influence upon the
animals (Fig. 34).

The results of. the salinity-tolerance experiments can easily be compared to
the distribution of the animals in the field in relation to the salinity distribution.
If the field conditions, after a period of great fluctuations, have been stable for a
long time, the animals initially living outside their tolerance area, will either have

died or have escaped to favourable areas (this has been shown for the mystaco­
carid Derocheilocaris remanei by Jansson (I 966 b). This immigration from un­
favourable areas implies firstly that the animals can perceive and migrate in a
gradient, and secondly, that a gradient exists in the field for a sufficiently long
time. That many animals migrate in a salinity gradient has already been shown,
e. g. in the experiments reported on here. That very steep salinity gradients often
occur in sandy beaches is a well-established fact. The stability of the gradient must
be discussed in relation to the locomotory abilities of the animals. For the inter­
stitial oligochaetes the rate of movement in a thin layer of fine sand has been
measured to 3 em per minute (Jansson, 1962), which may be taken as an average
value as for instance the harpacticoids are much faster. Most animals therefore
have ample opportunities to reach a preference zone in a steep gradient in the
beach, as also shown for Derocheilocaris remanei (Jansson, 1966b) and Parasteno­
caris vicesima (Jansson, 1967a). The stability of a preference for a narrow salinity
range has been discussed by Jansson (1962). In these experiments Aktedrilus mo­
nospermatecus showed an unaltered preference for 2.5%0 S even after 8 days in
20%0 S.

As many stimuli may influence the animals moving in a gradient, the aggrega­
tions may sometimes not be due to a preference for a certain salinity concentra­
tion. In the present experiments two species were found aggregated in salinities
outside the tolerance zones. SChizopera baltica chosed rain-water in spite of a
rather low tolerance to that medium, and Nitochra fallaciosa did not distinguish
between rain-water and 1%0 S, although it proved to be very sensitive to rain­
water. Therefore, it seems that the specimens deposited in the freshwater side of
the alternative chamber were either unable to detect a gradient or they were so
weak, that they could not return to the more optimal side. The last explanation
seems less probable as the animals were able to crawl after the experiment. Pro­
bably the animals showed a change in reaction similar to that of Gammarus ocea­
nicus, which reacted negatively to sea-water after treatment with a weak salt solu­
tion (Zubov, 1964). The discrepancy between the tolerance and preference expe­
riments with Marionina preclitellochaeta is only an apparent one as different po­
pulations were used for the two types of experiments. In fact the results agree well
with the corresponding field distribution (Jansson, 1962).

The secretion of mucus by Haplovejdovskya subterranea, Schizopera baltica
and Paraleptastacus spinicauda was apparently caused by the abrupt transfer of
the animals to the test concentrations. The behaviour of H. subterranea points to
an important protective function of the mucus. It is well known that many ani­
mals secrete mucus under salinity stress (Kinne, 1964a) and that this mucus greatly
reduces the permeability of the integument (Potts & Parry, 1964). Another re­
sponse to increased salinity stress was the reduction of volume of the turbellarians,
especially of H. subterranea, e. g. in 15%0 S. Their bodies never fully regained the
volume they had in habitat water but a certain compensation was observed, indi-
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eating an active osmoregulation. Similar reactions of Procerodes ulvae, described
by Pantin (1931), are by Potts & Parry (1964, p. 157) regarded as analogous to
the osmoregulatory behaviour of Nereis diversicolor. Within the thick coat of
mucus, which reduces the rate of outflux of water from the body, Haplovejdovskya
subterranea could slowly begin to counterbalance the loss of water, when the
difference of concentration between the animal and the medium became suffici­
ently low. The animal then left the used mantle of mucus and moved around,
though weak and with a reduced body volume. There was much less mucus secre­
tion from the harpacticoids, and a "coma" like that seen in the turbellarians was
not observed. Crustaceans have a protective integument - the cuticula - which is
not so permeable as the body wall of the turbellarians, especially of the marine
forms (Steinbach, 1962).

The species investigated by me showed different resistency to high temperature
(30°C). Most species showed LD 50-values from 3 to 4 days in the optimal sali­
nity concentrations - Parastenocaris phyllura being the most tolerant one with
5-6 days - but Haplovejdovskya subterranea and Marionina subterranea were very
sensitive and 50 %of the specimens were dead after 16 and 5 hours, respectively.
The better survival rate in 5%0 S for H. subterranea further stresses that it is a typi­
cal brackish-water species. Similarly Parastenocaris phyllura survived best at 30°C
in 0.1 %0 S, which also indicates that the species is of Iimnetic origin. Of the other
species tested at 30°C in several salinities, Coronhelmis lutheri and Paraleptastacus
spinicauda survived significantly better in the highest concentration (15%0) while
Nitochra fallaciosa f baltica was as resistant in 5 as in 15 %0 S. All specimens used
in the temperature-salinity tests were kept at lOoC during the period before the
experiments, except for Coronhelmis lutheri which was kept at 5°C. As Matutani
(1961) has shown that acclimatization, both at a high and a low temperature, in­
creases the heat resistance of Tigriopus japonicus, the tolerance of C. lutheri may
be somewhat too high compared with that shown by the other species.

The abnormally high activity at 30°C of Paraleptastacus spinicauda may be
interpreted as a shock-response, an overshoot, caused by the transfer to the high
temperature (Kinne, I964 b). A similar phenomenon was observed by Jansson
(1966b) for Derocheilocaris remanei at 27-30°C.

A temperature of 5°C is easily endured by the interstitial animals. The activity
is usually much lower than at higher temperatures and for instance the turbella­
rians often lie slightly contracted and passive, but they become active after a few
minutes at room temperature. Death from low temperatures above zero has not
been noted. Some preference experiments at 5°C with Nitochra fallaciosa gave
totally randomized results - the animals did not prefer any of the concentrations
from 1 to 15%0 S, whereas preference experiments with animals from the same
sampling kept at 15°C rendered a distinct preference (Fig. 29). This might be due
either to the low activity of the animals or to a suppression of the ability to dis­
tinguish between the different concentrations in the lower temperature.

In the field the abundance of the total fauna follows the seasonal fluctuations
of temperature (Table 3) with a maximum in the autumn. In more temperate
beaches the fauna is abundant during the whole year but submerges during the
cold period as beautifully shown by Renaud-Debyser (1963). During winter the
animals are subject to often very low temperatures. Animals may readily with­
stand negative temperatures without ice formation as was shown by Gray (1965)
for Protodrilus symbioticus and Muus (1967, p. 232) for harpacticoids. Some
groups also survive a frozen state: Aoki & Konno (1962) reported a high survival
rate for nematodes, rotifers and tardigrades from frozen freshwater algae in the
Antarctic region. Less well known is the survival in frozen sand of turbellarians
gastrotrichs and oligochaetes (Table 4). It is impossible to judge, however, whethe;
the animals have actually been frozen or not. According to Kinne (1963) the
freezing points of body fluids from marine and brackish-water animals are gene­
rally "similar to, or lower than that of the external medium". Certain mechanisms
exist, however, that may lower the freezing point. Lowering of temperature may,
thus, mduce formation of glycerol in the body (Asahina, 1961). Chock-effects
from short periods of low temperature may increase the cold-resistance (Schlieper,
1966). The dehydration concentrates the body fluids, lowering the freezing-point.
As has also been shown by Jansson (1967 c), the temperature in the frozen sand
is seldom much below zero (Fig. 1). With a slight increase of the internal concen­
tration the animals may therefore totally avoid freezing and survive during the
cold months of the year, captured - but also thermally protected - in the frozen
sand.

The possible correlations between the salinity and temperature and the dis­
tribution of the separate species in the field will now be discussed.

Macrostomum curvituba is known to be a typical brackish-water species, pre­
ferring sandy beaches (Ax, 1954) and to be common both in the coastal ground
water and in the sublittoral (Luther, 1960). Though it has been found in fresh­
water (Remane, 1958, p. 126), it apparently prefers the seaward part of the beach
both at Asko and Simrishamn. According to Ax (1954) it inhabits "in erster Linie
die ufernahen Sandbiotope".

Bothriomolus balticus is regarded as a typical member of the Otoplana-zone ­
Sterrer (1965) showed a maximum occurrence 40 cm seawards from the water
line. At Asko, locality B, it was also found only at the most seaward station.

Pseudocyrtis subterranea is regarded as a typical member of the coastal ground­
water fauna (Luther, 1960). This view is in accordance with the maximal distribu­
tion found at Simrishamn St. B.

Haplovejdovskya subterranea was most abundant at Asko, locality A, St. B.
In numerous quantitative samplings, not accounted for here, this species has al­
ways been found in salinities between 6 and 7"/00' It has already been mentioned
that the sea level suddenly fell the night before the sampling at Asko, locality A,
and that this caused a salinity decrease from about 4 %0 to 0.1 %". This low salinity
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must have ruled for about 12 hours. Considering the low locomotion ability of
the animals, this period is too short for an escape, and the animals were therefore
probably "caught" in water of a non-optimal salinity. Thus, the animals may
usually occur in salinities within the optimum zone found in the experiments

(5-10%0 S, Fig. 15).
Jensenia angulata is a purely marine species according to Remane (1958, p. 72).

Nevertheless it was found at Asko in the foreshore (Fig. 6).
Coronhelmis multispinosus is a typical brackish-water species (Ax, 1956), often

found in the interstitial habitat. Like other authors (e.g. Luther, 1962) I have
mostly found this species in late summer or autumn samples (Table 3). As for
Macrostomum curvituba and Haplovejdovskya subterranea there is a sharp limit
in the horizontal distribution in Asko beach (Fig. 3) between St. Band C. Maybe
this is caused by the above mentioned decrease in salinity which must have influ­
enced the more landward station first, forcing the animals seawards. All these
species showed a maximum at St. B in the surface layers, where the temperature
at the time of the sampling was 25-28°C. Especially H. subterranea lived here near
the limit of its temperature tolerance range. Because of the evaporation, however,
the salinity in the uppermost em may be significantly higher than that of the
ground water, which suppressed the stress of the high temperature.

Coronhelmis lutheri has been found in salinities down to 0.05%0 (Luther, 1962).
This is in accordance with the great euryhalinity shown in the salinity tolerance
experiments. At high temperatures it has an optimum at higher salinity concen­
trations (Fig. 17). This may be the reason why I mostly found this species during
winter and early summer when the animals can still tolerate low salinities because

of the low temperature.
Carcharodorhynchus subterraneus was only found in 4 specimens at Asko (lo­

cality B, St. C-D, Table 7). This distribution, restricted to the backshore, is similar
to that found at Julebrek beach, Denmark, by Fenchel, Jansson & v. Thun (1967).
All previous findings have also been restricted to coastal ground water or moist
sand, except for one case (Kading, 1963).

The nematodes were less dominating than expected. The greatest abundance
was recorded at Asko, localities A (Table 5) and B (Fig. 6). The great abundance
both close to the sea and far landwards at locality B points to a dominance of
marine and terrestrial species, respectively, as has been shown for German beaches
by Gerlach (1954). The scarcity of nematodes in the Swedish beaches is apparent,
compared to the abundance of these animals in Julebrek beach, where more than
50 %of all sampled animals were nematodes (Fenchel, Jansson; &v. Thun, 1967).

Xenotrichula velox shOWS a maximum occurrence at the water's edge and this
is certainly correlated with the salinity gradient (Fig. 8). This is the second record
from the Northern Baltic; Karling (1954) found I specimen at I m depth off

Gothland.
Turbanella lutheri, T. hyalina and T. cornuta were all found at the most sea-

ward stations at Asko (Figs. 4, 6 and Tables 3, 4), probably at their lower salinity
tolerance limit. Both T. hyalina and T. cornuta survive in a freezing state. Karling
(1954) has found all three species in the Northern Baltic as far as Nyniishamn­
Niimndo, slightly north of Asko.

Marionina southerni, M. subterranea and M. preclitellochaeta occupy three
different zones in the beaches. M. southerni has the widest distribution, with a
maximum in the fore shore it extends landwards till the water is almost fresh
(Figs. 3, 6). This agrees well with the results from the salinity experiments. The
preference for salinities about 1%0 will keep most of the animals near the water
line but the great tolerance to freshwater enables them to endure the nearly fresh
interstitial water of the backshore. M. subterranea (Figs. 3, 6, 8) is more restricted
to the fore shore which may be due, partly to the low resistance to rain-water,
partly to the low tolerance to high temperatures. M. preclitellochaeta shows a
maximum in the backshore (Fig. 13) which is in agreement with its optimum
salinity zone (for discussion see Jansson, 1962).

Lumbricillus knoellneri is a sand-living enchytraeid with preference for decay­
ing seaweed (Nielsen & Christensen, 1951). It is an euryhaline species and this is
also obvious from the wide distribution in the beach (Fig. 10). It is identical
to the "Fridericia ?bulbosa" found at Simrishamn by Brinck, Dahl & Wieser
(1955).

Aktedrilus monospermatecus is a well known species of sandy beaches, some­
times found in nearly fresh water (Hagen, 1951, in Remane, 1958). It showed a
maximum in the fore shore but was present landwards, sometimes far into the
backshore (Figs. 3,6, 10). Jansson (1962) showed that the salinity optimum zone
of a Baltic population was 1.3 to 20 %0 with a preference for 2.5 to 5%0, and this
is in accordance with the distribution at Asko and Simrishamn. It also agrees
rather well with the findings of Fenchel, Jansson & v. Thun (1967).

Diurodrilus minimus (Fig. 13) shows a distribution which is very similar to
that found in Julebrek beach by Fenche1, Jansson & v. Thun (1967) with a maxi­
mum in the middle part of the beach. The landward limit is certainly due to low
salinity while the absence from the seaward station must be due to another factor,
probably turbulence.

Schizopera baltica shows the greatest abundance in the seaward part of the
beach, but extends to zones, where the salinity may often reach low values (Fig. 6).
This euryhalinity, which is also shown in the tolerance and preference experiments
(Figs. 23, 24), is typical of species inhabiting the coastal ground water.

Schizopera inornata (Fig. 10) was found in nine specimens at Simrishamn St.
D. According to Brinck, Dahl & Wieser (1955) it was common in the beach still
9 ill landwards where the salinity was 1.1 roo.

Nitochrafallaciosa has a distribution in the Simrishamn beach (Fig. 11) which
is in agreement with the results obtained in the experiments. The tolerance to very
low salinities allows the animals to extend far landwards. The preference for sali-
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nities about 1%0 corresponds to the maximum occurrence in the field at St. B

(1.2 %0 S).
Nitochrafallaciosaf baltica has always been found in salinities above 6%0 and

its distribution in the quantitative samples is restricted to the two seaward stations
(Fig. 6). Both the salinity tolerance and preference experiments point to an opti­
mum zone around or above 10%0. The low tolerance to rain-water will effectively
keep the animals away from the backshore, while the high temperature tolerance
enables them to inhabit the outer portions of the beach.

Paraleptastacus spinicauda is by Noodt (1957) regarded as a characteristic spe­
cies of the coastal ground water of marine habitas. Similarly, Renaud-Debyser
(1963) regarded it as a typical species of the high beach. The distribution at Asko,
locality B, was concentrated in the seaward part of the shore, agreeing well with
the salinity optimum (Jansson, 1966a). The results of the preference experiments
also showed an affinity to higher salinities. The better survival rate at higher tem­
peratures in higher salinities also indicates that the fore shore is the most favour­
able part of the beach for this species.

Parastenocaris vicesima was the subject of a previous study (Jansson, 1967a),
where the main parameters for the distribution of this species in the field were
found to be grain size, salinity and oxygen availability. The abundance of the ani­
mals in the quantitative studies at Asko, locality B, has already been published
(Jansson, 1966a). The distribution at Asko with a maximum inside the fore shore
is in agreement with the findings of Noodt (1953) in Finnish beaches.

Parastenocaris phyllura is, contrary to P. vicesima, a common member of the
subterranean fauna of the land (Husmann, 1966). Together with Marionina
southerni it is the dominating species in the backshore at Asko. At high tempera­
ture it shows a lower salinity optimum than P. vicesima, which further explains
the difference in their horizontal distribution in the field. According to Husmann
(op. cit., p. 258) both P. phyllura and P. vicesima move to deeper layers towards

winter.
Halacarellus capuzinus is an euryhaline halacarid with a main distribution in

tbe sandy sublittoral. At Asko it is usually found in the vicinity of the wate: line,
but in the more permeable - and therefore more saline - Simrisbamn beach It was
still abundant 7 m inside the water's edge.

CONCLUSIONS

If the separate core samples, corresponding to 10 cm' surface, are converted to
individuals per m', we find the highest abundance at Asko beach, St. B, where
the total number ofmetazoans was 1.5 x 10." The figures for the separate samples
in the beaches are of about the same order as tbose presented by Fenchel (1967)

for Scandinavian waters.

A close correlation between tbe responses of the animals in the laboratory and
in the field cannot be expected per se. Furthermore, tbe present studies do not
include experiments where all the chief parameters have been varied. Such expe­
riments are necessary for a full understanding of tbe dynamics of an ecosystem
and will follow the more simple experiments presented here. The tolerances ob­
served in the laboratory do not always agree with tbe tolerance limits shown by
the field distribution, as shown for instance by Schlieper & Blasing (1952). They
demonstrated that the ecological temperature zone of Planaria alpina was more
restricted than the physiological zone observed in laboratory experiments. The
more restricted distribution of tbe animals in the field was explained by the fact
that the long periods of medium temperature, not the short maxima or minima,
limit the spawning and distributions. However, in a sandy beach cbaracterized by
strong gradients within short areas, tbe animals may have time enough to respond
to maxima and minima of rather short duration by migration. The reported rapid
lowering of the sea level at Asko, causing a sudden drop in the interstitial salini­
ties, gives a typical example of a situation, where the animals have not yet had
time to react on the change in the environment by migrating.

The present investigation, however, has given several examples of an agree­
ment between the physiological and ecological tolerances of the animals. The
chief limiting factor is the amount of pore water, which constitutes the first quali­
fication for an interstitial life. Oxygen availability may sometimes be limiting,
especially where large amounts of detritus create anaerobic conditions or where
the flow of interstitial water is small, owing to low permeability and low ground­
water pressure. The grain size proper constitutes a limiting factor only when it is
extreme, offering pores either too small or too large for interstitial animals. At
moderate grain sizes other parameters are more important. Though the food fac­
tor has been very little studied, especially regarding the microbial fraction, I have
generally found the largest populations of animals in beaches containing medium
amounts of visible detritus, provided that tbe permeability is good. Except for
pore-water content, however, the most important parameters of the non-tidal
beach for tbe horizontal and vertical distribution of the animals have proved to
be temperature and salinity. This is in agreement with the conditions in estuaries
as Muus (1967, p. 229) stresses that temperature is the most important factor for
animals adapted to a habitat characterized by fluctuating temperatures and salini­
ties. In a sandy beach, however, the animals may easily avoid the extremes by
migrating.
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APPENDIX

List oj the animals which were identified to species
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