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ABSTRACT: Some intertidal meiobenthic taxa actively emerge from the sediment and enter the water 
column. Laboratory experiments were conducted to test whether emigration is influenced by physical 
factors. Light exposure correlates negatively with the numbers of Copepoda, Plathelminthes and 
veliger-larvae swimming into the water column and the numbers of Ostracoda that are active on the 
sediment surface, perhaps reflecting a general means of predator avoidance. A temperature lower than 
seasonally occurring in the field strongly decreased emigrahon. Oxygen deficiency did not affect 
Ostracoda and veliger-larvae but caused additional plathelminth species to enter the water column. 
More copepods (copepodites) emerged from the sediment when oxygen content was increased by 
constant illumination. Interstitial salinity affected the numbers of Copepoda and Plathelminthes leaving 
the sediment. Highest swimming activity was recorded from interstitial salinities >30 %o. From sediment 
with ambient salinity, similar numbers of Copepoda entered water columns with 25 to 35%- but 
significantly fewer individuals entered 20 and 40%0 water. Ostracod activity was only decreased at 
40%0. Plathelminth swimming activity was negatively correlated with the salinity of overlying water. 
These results suggest a strong dependence of emigration rates on physical factors with taxa responding 
in differential ways. Generally, emigration into the water column may be (1) an integral part of 
meiobenthic Me style, enhancing dispersal and, possibly, allowing for exploitation of food resources in 
the water column; or (2) a means of escape from dangerous factors in the sediment, either physical or 
biotic. 

INTRODUCTION 

While recent knowledge of meiobenthic occurrence 
in the water column was restricted to sublittoral, 
predominantly tropical to warm temperate shallow 
waters, Armonies (1988a) reported on active meioben- 
thic emergence into the water column in a boreal 
intertidal area. When water currents were experimen- 
tally excluded, up to 87 O/O of Copepoda and 42  % of 
Plathelminthes swam into the water column above 
sandy intertidal sediment during a single simulated 
nocturnal high tide. At the same time Ostracoda were 
active on the sediment surface and up to 67 % of them 
left the experimentally submerged sediment. On the 
other hand, Nematoda, Oligochaeta, and Gastrotricha 
did not actively leave submerged sediment (Armonies 
1988a). 

Alldredge & King (1980) proposed such short-term 
swimming activity of meiobenthos to be a means of 
dispersal over short distances. Other causes of active 
swimming might be endobenthic and epibenthic 
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predator avoidance, disturbance (Reise 1985) or 
decreased food availability (Montagna et  al. 1983). 
Finally, deterioration of physical factors might either 
cause emigration or change the pattern of routine 
emigrations performed for another purpose. 

The physical factors most likely to affect migration 
include oxygen, salinity, temperature, and light. Oxy- 
gen availability may change on a small scale with 
differences in sediment composition and the amount of 
organic matter (Fenchel et al. 1967, Jansson 1967a, 
Revsbech et al. 1980), strongly influencing the vertical 
distribution patterns (e.g. Armonies & Hellwig 1986). 
Precipitation, evaporation and freshwater runoff may 
cause salinity changes in the intertidal, although such 
changes are most pronounced in the supratidal belt 
(Jansson 1967b, Armonies 1987). Finally, temperature 
and light exposure will regularly change along the tidal 
gradient. Therefore, if physical harshness is a cause of 
meiobenthic emigration into the water column, oxygen 
deficiency should have a strong effect because short- 
term swimming might lead the benthos into an area 
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with better conditions nearby. Unfavourable salinity 
and temperature might indicate that the present posi- 
tion of an  individual is too far up or down in the tidal 
gradient. Leaving the sediment and moving in the 
water column (either actively or by the help of currents; 
Armonies 1988b) may improve the physical environ- 
ment without much energy expenditure. 

Laboratory studies of oxygen, temperature, salinity 
and light exposure effects on the meiobenthic emer- 
gence pattern are the subject of this paper. It has 
already been shown that significant percentages of 
meiofaunal taxa may leave boreal intertidal sediment 
(Armonies 1988a). The aim of this paper is to test for 
variations in the emergence pattern of active swimmers 
caused by the above physical factors. In the sediment 
there are some truly benthic species which have never 
been found in the water column, up to now, as well as 
epibenthic species and species with an  intermittent 
sw~mming behaviour (Armonies 1988a). By definition, 
only members of the latter 2 groups may actively enter 
the water column and only these species are studied. 
Therefore, the effects of physical factors on the emer- 
gence pattern are tested by counts of abundance of 
swimmers in the water column above constant amounts 
of sediment. Species that remained in the sediment 
during experiments are either entirely benthic or do not 
swim under the particular experimental conditions. 
However, it is a n  a posteriori decision if  a certain 
species is entirely benthic or not. Therefore the num- 
bers of non-swimmers contained in the sediment were 
not evaluated. It should be kept in mind, however, that 
the results only refer to the swimming species and not 
to some general activity of all species of a taxon. 

MATERIAL AND METHODS 

Sampling. For all experiments, samples were col- 
lected at  a 30 X 3 0 m  plot of the Konigshafen wadden 
area near the Island of Sylt (North Sea).  For a general 
description of the area see Reise (1985). The plot is 
sheltered and the sediment is mainly composed of 
medium sand (median diameter 315 blm, sorting coeffi- 
cient 1.5;  cf. Schmidt 1968) with moderate amounts of 
detritus (loss on ignition 0 .48%).  Experiments were 
performed in July, 1987. The seawater temperature 
was 15 to 16OC and air temperature varied between 10 
and 20°C. The sampled plot was positioned at mid-tide 
level (50 O/o tidal emersion), and the average tidal range 
was about 1.8 m in this area and 0.9 m at the sampled 
plot. 

Throughout all experiments, sediment samp1.e~ were 
collected with a 2 cm2 plastic tube inserted to a depth of 
2.5 cm (i.e. 5 cm3 volume sample-') and transferred into 
glass jars for transport and subsequent experimenta- 

tion. The natural stratification of the sediment was 
retained as far as possible. The sampled sediment was 
about 50 O/O by volume of the glass jars (inner diameter 
of jars 1.8cm. total height 4.5 cm). To leave these jars, 
animals had to swim at least 2.5 cm above the sedi- 
ment. Samples were collected at  low tide, about 2 h 
before the sample site was again flooded by the sea. 
These 2 h were used for transport to the laboratory and 
sample preparation. Thus the experimental submersion 
started at  about the same time as the sample site was 
flooded in the field. 

Experimental design. Experiments were conducted 
according to the following standards. Each treatment in 
each experiment was simultaneously performed in 10 
aquaria (10 replicates) using 1 glass jar per aquarium. 
The plastic aquaria (10 X 5 X 10cm = 500 cm3) were 
filled with 400 cm3 of filtered seawater and stored for at  
least 6 h to adapt to the experimental temperature of 
15°C (= actual seawater temperature in July). Prior to 
submersion into these aquaria, the glass jars containing 
the sampled sediment were filled with seawater with- 
out agitating the sediment surface. The outer surface of 
the glass jars was cleaned from adhering sand grains 
and organisms if necessary. Submergence was initiated 
by carefully placing the jars into the aquaria with 
seawater. Since the jars had been previously filled with 
seawater to the rim, no losses of organisms by agitation 
of the sediment surface occurred. The standard period 
of experimental submergence was 6 h. Afterwards, the 
glass jars with sediment were cautiously removed from 
the aquaria. Water in the aquaria was poured through a 
63pm mesh sieve to retain emigrated meiobenthos. 
Water that remained in the glass jars with sediment 
was not evaluated. 

Experimental treatments and null hypotheses. 
Experiment I: Emigration in a gradient of  light expo- 
sure. Fifty sedim.ent samples were collected and ran- 
domly distributed among 5 treatments with a variable 
light regime: (1) field conditions (daytime, direct sun- 
light); (2) light of 100~ tE  m-2 s-'; (3) light of 10pE 
m-' S-'; (4) light of 1 VIE m-2 S- ' ,  (5) darkness (<0.1  LIE 
m-2 S-'). Nos. (2) to (5) were simultaneously performed 
in a climate chamber. The differential light exposure 
was achieved by shading (transparent glass plate, glass 
with various layers of paper, dark grey plastic plates). 
At the same time, Treatment (1) was performed in front 
of the laboratory using direct sunlight. Initially it was 
cloudy (1 100 pE m-' S - ' )  but it cleared up after 2 h,  and 
light increased to a maximum of 2250 pE m-2 S- '  

(measured 3cm above the water level in all cases). 
Despite continuous cooling by cold water flowing 
around each of the aquaria, temperature intermittently 
increased up to 18'C. Experiment I tests the hypothesis 
H. (1). Meiofaunal emigration from the sediment is not 
affected by the degree of light exposure. 
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Experiment II: Emigration in a gradient of tempera- 
ture. Fifty sediment samples were randomly distributed 
among 5 treatments with variable temperature: (1) 5 "C, 
(2) 10°C, (3) 15°C (ambient seawater temperature in 
the field), (4)  2OoC, and (5) 25°C. The experiment was 
simultaneously performed in 5 climate chambers in the 
dark. Treatments (2) to (5) cover the range of tem- 
peratures measured in the field in July. In contrast, 5 "C 
is not a realistic condition in July and was only included 
to test the effect of a (presumably harmless) extreme. 
Experiment I1 tests the hypothesis H. (2): Emigration is 
not affected by temperature in the range seasonally 
occurring in the field. 

Experiment III: Oxygen deficiency. Seventy sedi- 
ment samples were randomly distributed among 7 treat- 
ments. Treatment (l) was instantly submerged (control). 
The other samples were stored prior to submersion: (2), 
(31, and (4) were stored with continuous light (100 pE 
m-' S- ' )  for 24,48,  and 72 h, respectively. (5), ( 6 ) ,  and (7) 
were stored for the same periods in the dark. The latter 
samples were only subjected to oxygen consunling 
processes and so became gradually anoxic while oxy- 
gen released from microphytobenthic photosynthesis 
prevented the former samples from anoxia. A small 
amount of filtered seawater ( l  cm3) was added to the 
sediment samples before storage to avoid direct air- 
sediment contact and so increase the oxygen changes 
arising. An extra set of 60 sediment samples was stored 
under the same conditions and the oxygen content of the 
overlying water measured with a probe after 24,48, and 
72 h respectively. In the dark-stored samples, oxygen 
decreased from 85 % saturation (added seawater) to an  
average of 47 % (31 to 56 %) with no significant change 
appearing among the 3 d  of storage. The overlying 
water of the samples stored in continuous light rapidly 
increased in oxygen content and remained oversatu- 
rated over the 3 d (average 123 % saturation, range 114 
to 137 %). These measurements indicate that storage in 
the dark and light, respectively, really changed oxygen. 
After storage, the opportunity to emigrate was offered in 
the dark, irrespective of the former light regime. Experi- 
ment I11 tests the hypothesis H. (3): Emigration is not 
affected by the relative degree of oxygen availability 
(low versus high oxygen content). 

Experiment IV: Changing salinity of the overlying 
water. Fifty sediment samples were randomly distri- 
buted among 5 treatments. The jars with sediment 
were cautiously filled with filtered seawater (30 %O S). 
The aquaria were filled with (1) filtered seawater 
(30 %o) = control, (2) water with 25 ?'M, (3) water with 
20x0 (dilution of seawater with tap water), (4)  water 
with 35 %D, and (5) water with 40 (mixing of seawater 
with an adequate amount of 120 %" solution produced 
from concentrated seawater). After submersion of the 
glass jars with sediment in the aquaria, the 35 and 40 %O 

water rapidly mixed with the seawater in the glass jars 
because of its higher specific density (visible streak 
formation). Mixing of the diluted seawater occurred 
only slowly by diffusion (no streak formation visible). 
Nevertheless, because of mixing the submersion period 
was restricted to 1 h (darkness). Experiment IV tests the 
hypothesis H, (4): Emigration is not affected by the 
salinity of overlying water. 

Experiment V: Changing interstitial salinity. Sixty 
sediment samples were randomly distributed among 12 
treatments (i.e. only 5 replicates per treatment in this 
experiment). Two h prior to submersion, the salinity of 
the interstitial water was manipulated by filling the glass 
jars with water of 0,5,10,15,20,25,30,35,40,45,50, and 
60 S, respectively. Because of the interstitial water that 
was already present in the samples, the real salinity 
during experimentation differed from the salinity of the 
added water. These real salinities were refractrometri- 
cally measured after 2 h of adaptation. Then the glass jars 
with sediment were submerged in the aquaria with 
seawater (30 %o = ambient salinity), and for 1 h animals 
were allowed to emigrate from the manipulated sedi- 
ment in the dark (restricted period because of mixing). 
Experiment V tests the hypothesis H. (5): Emigration is 
not affected by the previous salinity of interstitial water. 

Statistical evaluation. In the sediment as well as in the 
experimental water columns, the abundance of meio- 
fauna1 taxa differed significantly from a normal distribu- 
tion (significant differences of the variance-to-mean- 
ratio from theappropriate reference of a chi-square table, 
p =  0.05, Gage & Geekie 1973). Therefore, the non- 
parametrical U-test (Wilcoxon e t  al., in Sachs 1984) is 
used throughout a s  a conservative measure. Trends were 
tested by Spearmans rank correlation coefficient 
(abbreviated by 'r,') and by run-tests (Sachs 1984). 
Significant results are indicated by ' (p < 0.05), ' ' (p < 
0.01), and " ' (p < 0.001), respectively. 

RESULTS 

Experiment I: Emigration in a gradient of light 
exposure 

Most Copepoda, Ostracoda, Plathelminthes and vel- 
iger-larvae (mainly Littorina littorea L.) emigrated in 
the dark and most rarely in full sunlight (Fig. 1). This 
trend is in all cases significant (r,, ' )  and H. (1) 
assuming no effect of light on the emergence pattern is 
rejected. Members of these taxa prefer the period of 
darkness for swimming into the water colun~n. The 
polychaete abundance was not sufficient for a statisti- 
cal evaluation. For Nematoda, Gastrotricha and 
Oligochaeta no significant emigration occurred at all. 

The number of plathelminth species increases with 
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Table 1. Plathelminth numbers per species (totals per 10 replicates) emerging from the sediment under variable light exposure. 
> 1000 (daylight), 100, 10, 1, and 0 (= darkness), expressed in LIE m-' S-' Pig = pigmentation: + distinct, 0 weakly pigmented, 

- wh.tish 

l 
Species 

mg. 
h g h t  exposure 

> 1000 100 10 

Pogaina suecica Luther, 1948 
Pogaina kinnel Ax, 1970 
Promesostoma marmoratum (IM. Schultze 185 1) 
Promesostoma caligulatum Ax, 1952 

Macrostomum pusillum Ax, 1951 
Provortex tubiferus Luther, 1948 

Pseudaphanostoma sp. 
Archilopsis arenaria n. n. 
Promesostoma meixneri Ax, 1951 
Cheliplana remanei (Meixner 1928) 
Acrorhynchdes robustus (Karling 1931) 
Gyratrix hermaphroditus Ehrenberg, 1831 

No, of individuals 
No. of specles 

decreasing light exposure (r,, ' '). Four species entered 
the water column at light of lOpE m-' S-' or more. 
They are all pigmented: Pogaina species are yellowish 
brown from symbiotic diatoms and the Promesostoma 
species bear a brown (net-like or striped) dorsal pig- 
mentation. Macroston~um pusillum and Provortex 
tubiferus that entered the water column at 1 pE m-2 S-' 

may also be weakly pigmented by partly digested 
diatom food. Finally, the 6 species that entered the 

, C O P E P O D A  ( ( O S T R A C O D A  

V E L l G E R  L A R V A E  

water column in the dark are all whitish without dis- 
tinct pigmentation (Table 1). 

Experiment 11: Emigration in a gradient of 
temperature 

Copepoda, Ostracoda, Plathelminthes and veliger- 
larvae (mainly Littorina littorea) emigrated in sufficient 

I C O P E P O D A  O S T R A C O D A  

P L A T  H E L M I N T H E S  V E L I G E R  L A R V A E  

Fig. 1. Numbers of melofauna ~ndividuals emigrating from the 
sediment in a gradient of light exposure; 0, 1. 10, 100, and Fig. 2. Numbers of meiofauna individuals emigrating from 
daylight (day) > 1000, expressed in PE m-2 S- '  Vertical: mean submerged sediment into water of different temperatures. 
abundance per sample unit (2  cmZ sediment surface area) Vertical: mean abundance per sample unit of 2 cm2 sediment 

+ SE (vertical bars) surface +SE 
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Table 2. Plathelmlnth numbers per species (totals per 10 replicates) emerging from the sedlment under variable temperature ("C). 
indicates posltive correlation between numbers and increasing temperature (Spearmans rank correlation coefficient p <  0.05) 

Species Temperature ("C) 
5 10 15 20 25 

Pogaina suecica Luther, 1948 
Cheliplana remanei (Meixner 1928) 
Archilopsis arenaria n. n .  
Provortex tubiferus Luther, 1948 

Trigonostomidae indet. 
Promesostoma karlingi Ehlers. 1974 
Promesostoma marmoratum (M. Schultze 1851) 
Promesostoma meixnen Ax, 1951 

Promesostoma caligulatum Ax. 1952 8 8 
Pseudaphanostoma psammophilum Dorjes, 1968 p 1 4 
Gyratriv hermaphroditus Ehrenberg, 1831 - 1 - 

Macrostomum pusdlum Ax, 1951 
Provortex psammophilus Ax, 1951 

No. of ~ndividuals 
No. of specles 

numbers for a statistical evaluation. In all cases emigra- 
tion rates are significantly smallest at 5°C (U-test, ' ) .  
Spearmans rank correlation coefficient indicates posi- 
tive relationships between emigration activity and 
temperature in Copepoda (r, = +0.9 '), Plathelminthes 
(r, = +1.0 ') and veliger-larvae (r, = +0.9 * ) .  In 
Ostracoda the correlation is only significant when a 
positive trend is assumed a priori (one sided test, r, = 

0.867 ', Fig. 2). 
In Plathelminthes, the numbers of Cheliplana 

remanei and Promesostoma meixnen are significantly 
correlated with temperature, as is the total number of 
emerging species (r,, '). The increase in species num- 
bers is presumably only an effect of increased plathel- 
minth abundance in the water column (Table 2). Thus, 
temperature correlates positively with the emigrative 
activity of Copepoda, Ostracoda, Plathelminthes and 
veliger-larvae of Littorina littorea and H. (2) is rejected. 

Experiment 111: Oxygen deficiency 

In the dark-stored samples the lowermost portion of 
the sediment gradually turned black indicating oxygen 
depletion. Copepoda and Plathelminthes both show a 
significant response towards this change of oxygen, 
whereas Ostracoda did not show any significant differ- 
ence between the treatments. Other taxa were not 
sufficiently abundant for a statistical evaluation. Sort- 
ing of the sediment of 2 randomly chosen glass jars per 
treatment gave no sign of the experimental procedure 
being harmful to the tested taxa (no dead or unusually 
behaving animals). 

Copepod abundances did not differ between the 

control and the dark stol-ed samples, and there is no 
significant difference among the samples stored in the 
dark (Fig. 3). However, significantly more copepodites 
emerged from the samples stored with light than from 
both control ( ' )  and dark-stored samples ( ' ,  U-test; 
nauplii are not included in the copepod numbers). 

Significantly more Plathelminthes emigrated from 
the samples stored in the dark when compared to both 
control samples (U-test ' )  and samples stored with light 
(U-test ' ', Fig. 3). The storage period had no signifi- 
cant effect on the numbers of emerging species. 

w l t h  lhqhf con t ro l  darkness  

P L A T H L  Lh. : lNTHES 

Fig. 3. Numbers of meiofauna individuals emigrating from 
submerged sediment without storage (control) and after 24, 
48, and 72 h of storage in dark or light, respectively. Mean 
abundance per sample unit of 2cm2 sediment surface area 

f SE 
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Table 3. Plathelminth numbers per species emerging per rejected. Ostracoda showed no differences between 
10 cm2 of sediment after storage in dark and light, respecively. treatments, and H. (3) is therefore maintained for this 
Control = no storage (n = 10). Since the period of storage did taxon, 
not significantly change the numbers of emerging individuals, 
numbers emerging after 24, 48, and 72 h of storage in light or 

in dark have been averaged (n =30) 

Species Control Storage Storage 
in in 

Light dark 

Pogaina suecica 2.0 1.2 5.3 
Pogaina kinnei 1.5 1.3 3.2 
Promesostoma caligulatum 4.5 4.5 6.0 

Prorlortex tu biferus 0 0 2 0.3 
Pseudaphanostoma 0 0.3 0.7 

psammophilum 

Cheliplanilla caudata 0 0 0.5 
Meixner, 1938 

Cheliplana remanei 0 0 0.2 
Promesostoma meixneri 0 0 1.3 
Macrostomum pusillum 0 0 0.3 
Promesostoma marmoratum 0 0 0.3 
Typhloplanoida indet. 0 0 0.2 

Total individuals 8.0 7.5 18.3 
No. of species 3 5 11 

Pogaina suecica, P. kinnei, and Promesostoma cali- 
gulatum emigrated from all treatments (though at 
different rates) while other species only emerged after 
storage in the dark (Table 3). Plathelminthes might 
therefore be divided into obligatory and facultative 
swimmers, and oxygen deficiency is a possible stimulus 
causing the latter group to enter the water column. 
Consequently, the number of emerging plathelminth 
species is higher after storage in the dark (Table3, 
Fig. 3). 

From Experiment 111 it is concluded that the relahvely 
lower oxygen content of the dark stored samples when 
compared to the samples stored with light causes no 
increase in the number of emerging adult copepods, 
but continuous light correlates with a higher rate of 
emerging copepodites. Reduced oxygen causes signifi- 
cantly more Plathelminthes (species as well as indi- 
viduals) to emigrate from the sediment and H. (3) is 

C O P E P Q D A  
, O S T R A C O D A  

Experiment IV: Changing salinity of the overlying 
water 

Copepoda, Ostracoda and Plathelminthes show sig- 
nificant dfferences in their emigration rates ~ n t o  water 
of varying salinity. Copepod emigration does not differ 
among 30 %O (control), 25 and 35 %O S (Fig. 4) .  This is the 
range of salinity that may easily occur at the sampled 
intertidal flat by evaporation and precipitation. Emigra- 
tion rates are significantly smaller outside this range ( ' ,  
U-test, Fig. 4). Ostracoda behave very similar, but only 
the decrease in activity at 40%0 S is significant. The 
highest numbers of Plathelminthes emigrated into 
diluted seawater whereas few individuals entered the 
high salinity water. In this taxon, emergence correlates 
negatively with the salinity of overlying water (r, = 

-0.925 '). Sorting of the sediment of 2 randomly cho- 
sen glass jars per salinity treatment after submergence 
gave no sign of a harmful effect of salinity to the 
studied taxa during the l h of submersion (no dead or 
unusually behaving animals). 

Experiment V: Changing interstitial salinity 

Variation in the salinity of interstitial water did not 
cause any significant differences in the activity pattern 
of Ostracoda and veliger-larvae (mainly Littorina 
littorea). This might be caused by relatively low abun- 
dance of the latter group, but not in the case of 
Ostracoda. 

The highest numbers of Plathelminthes emigrated 
from salinities of 30 to 43 %O S. (Because of the intersti- 
tial water that was already present in the samples, the 
experimental salinities differ from the salinity of the 
added water - for evaluation, I used the real salinities 
of interstitial water measured after the 2 h of adapta- 
tion.) The numbers of plathelminths that emigrated 

Fig 4 .  Numbers of meiofauna individuals 
(mean per cm2 of sediment surface area 
f SE) emigrating from untreated sediment 
samples into water of varying salinity. 
Arrows: significant abundance difference 
between consecutive steps of salinity (U-test, 

p < 0.05) 
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from the sediment is not random over the gradient of 
interstitial salinities (run-test, '). Significantly more 
individuals emigrated from salinities higher than 30 
than from diluted seawater (U-test ' ,  Fig. 5). Some 
species such as Promesostoma meixneri only emigrated 
from an interstitial salinity of 30%0 and more. The 
dominant emigrators Pogajna suecica and Promesos- 
tonia caligulatum did not show a significant difference 
in the salinity gradient, however, highest numbers per 
sample emigrated also from increased salinities. 

Copepoda show the strongest reaction towards the 
experimentelly changed interstitial salinity (Fig. 5). 
The order of abundances is not random but high and 
low values are clumped ( ' ,  run-test). Starting at 6 %O S, 
the number of emigrated specimens monotonically 
increases up to 35 %O S (r, = + 1.0 " ) .  Abundances 
between 26 and 47 %O do not significantly differ among 
each other (U-test, p > 0.05) but abundance is 
decreased at 59 %D ( '  ' , U-test). 

For Plathelminthes and Copepoda, H. (5) no influ- 
ence of interstitial salinity on emigration rates is 
rejected. These taxa show significantly strongest emi- 
gration from interstitial salinities > 30 %O S (Plathelmin- 
thes) and between 26 and 47 %n (Copepoda). Sorting of 
the sediment of 1 randomly chosen glass jar per treat- 
ment after submersion gave no sign of a damage of the 
tested specimens during l h of submersion. 

DISCUSSION 

Behavioural versus physically forced emergence 

Infauna that leave the sediment are in danger of 
being preyed upon by planktonic and pelagic preda- 
tors. Since at least some of these are visually feeding, a 
higher nocturnal than diurnal swimming activity 
should reduce the risk of being preyed upon and is 
therefore regarded as a means of predator avoidance. 
In the present study, all taxa emerging in significant 
abundance were more active in the dark and harpac- 
ticoids of tropical seagrass meadows show the same 
diurnal pattern (Walters & Bell 1986). The slight 
increase in emigration activity with increasing temper- 
ature is also an effect generally observed, presumably 
reflecting the increase in metabolic intensity with 
increasing temperature. However, the paralleling 
decrease in oxygen availability may also contribute to 
this pattern. In the tested gradient of light exposure 
(Expt I) samples stored in direct sunlight became inter- 
mittently warmer (18°C) than other treatments (15°C). 
This higher temperature should have increased emi- 
gration (Expt 11). Nevertheless, the number of emi- 
grators followed the general tendency with the highest 
emergence in the dark and the least in full sunlight. It 

Fig. 5. Numbers of meiofauna individuals (mean per  2 cm2 of 
sediment surface area +SE) emerging from sediment with a 
manipulated interstitial salinity into seawater Dotted lines: 

overall means 

seems that light exerts a stronger influence on the 
emigrahve activity than does temperature in the tested 
range. 

Oxygen availability affects the number of Plathel- 
minthes and copepodites leaving the sediment (Fig. 3, 
Table3). Most Copepoda, Ostracoda and Plathelmin- 
thes depend on oxygen, and there are few, if any, 
species that can permanently survive under anoxic 
conditions. In the present study, the sediment samples 
enclose the uppermost oxygenated sediment layer plus 
the oxic/anoxic transition zone (roughly estimated 
according to sediment colour). The increased emigra- 
tion rates correlating with decreased oxygen availabil- 
ity are therefore interpreted as an escape behaviour. 
However, some plathelminth species, Copepoda and 
Ostracoda also leave the sediment when oxygen 
availability at the sediment surface is relatively high by 
continuous illumination, and they also leave if no 
experimental change occurred. Escape from low oxy- 
gen conditions is therefore not a general explanation 
for emigrative behaviour of infauna. 

Differential numbers of Copepoda, Ostracoda and 
Plathelminthes emigrated into water of varying salin- 
ity. Provided swimming into the water column is part of 
the normal way of life in these species, and not only 
escape from some unfavourable factors prevailing in 
the sediment, high rates of emergence should be  inter- 
preted as indicators of benign conditions. Then, 
Copepoda and Ostracoda favour salinities between 25 
and 35 %O S (which is the range regularly occurring in 
the field) but reject to enter 20 and 40 %o water. Plathel- 
minthes, however, seem to favour a lower salinity than 
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does naturally occur in the field, and they reject water 
of a higher salinity. 

Experimentally changing interstitial salinity caused 
significantly more Plathelminthes to emigrate from 
high salinity sediment than from low salinity sediment. 
This higher swimming activity is mainly due to some 
additional species entering the water column such as 
Promesostorna meixnen, which &d not leave the low- 
salinity sediment. In the tidal gradient, highest abun- 
dance of this species is found in the upper intertidal 
and lower supratidal belt where salinity is often 
reduced (Hellwig 1987). Presumably P. meixnen favors 
a salinity in the polyhaline range (18 to 30%0 S). When 
salinity was experimentally increased beyond that 
level, P. rneixneri started swimming into the seawater. 
Other species such as  Pogaina suecica and Promeso- 
stoma caligulatum did not show significant differences 
among their numbers emigrating from differential 
interstitial salinities. These species occur in the inter- 
tidal and supratidal but highest abundance is found in 
detritus rich salt marsh creeks (Hellwig 1987, Hellwig- 
Armonies & A r m o ~ e s  1987). In salt marsh creeks, 
salinity may vary considerably, and these species are 
presumably more euryhaline. Plathelminth species that 
show highest abundance in the sublittoral did not occur 
in this study, neither swimming nor resting in the 
sediment. 

Obligatory versus facultative swimming 

In the studied intertidal flat, the assemblage of 
Plathelminthes (Tables 1, 2 ,  3) can be dwided into 
obligatory and facultative swimmers (i.e. accidental 
and non-accidental migration, respectively, see Baker 
1978). Emergence from the sediment seems to belong 
to the normal way of life in obligatory swimmers (non- 
accidental migrators), and experimental change of 
physical factors causes only relatively small changes in 
their swimming behaviour. Contrary, facultative 
swimmers (accidental migrators) only leave the sedi- 
ment to escape from unfavourable conditions (which 
may be  physical factors such as  the ones tested, as well 
as biotic factors). Species with an intermittent 
behaviour connect both groups. In addition, planktonic 
species such as calanoid copepods occurred in many 
sediment samples of this intertidal flat. Swlmming 
benthos and planktonic species occasionally resting a t  
the sediment surface ecologically connect plankton 
and benthos. These groups are not distinctly separated 
in the Wadden Sea. 

In a previous study of meiobenthic swimming 
behavior, most of the plathelminths among the active 
swimmers proved to be  diatom-feeders, predators on 
copepods or unspecific predators (Armonies 1988a). 

This group meets with the above obligatory swimmers. 
Possibly, they find additional (or their only?) prey in the 
water column, as has been demonstrated for some 
copepod species (Decho 1986). Bacteria-feeders and 
predators on non-swimming (or facultative swimming) 
benthos are typically facultative swimmers (Armonies 
1988a). If some diatom-feeders emerge into the water 
column for feedng,  correlations between their num- 
bers and diatom abundance in the sediment cannot be 
expected. This is the situation found by Montagna et  al. 
(1983). 

Emergence affected by hydrodynamical factors 

The laboratory experiments referred to above sug- 
gest rather high mobility of small benthos via the water 
column. Light, temperature, oxygen availability and 
salinity all influence the emergence activity. Swim- 
ming is also affected by currents (Bell & Sherman 1980, 
Hagerman & h e g e r  1981, Fleeger et al. 1984, Palmer 
1984) and some taxa show even higher activity in the 
presence of currents (Armonies 1988b). Active swim- 
ming is therefore not an  artifact of the experimental no- 
flow conditions, but it occurs despite the exclusion of 
flow. With increasing current speed, additional taxa 
such as Nematoda are found in the water column 
(Palmer 1986, Armonies 1988b) indicating that both 
active emergence and passive drift contribute to the 
occurrence of benthos in the water column. Downward 
migrations in the sediment column may decrease the 
susceptibility of benthic species to passive erosion 
(Palmer & Gust 1985, Palmer & Molloy 1986). Some 
species do not move to deeper sediment layers as flow 
starts (Boaden 1968, Boaden & Platt 1971, Palmer & 
Molloy 1986) but they keep their position or even move 
upward. Presumably, these species are the potential 
swimmers. However, since active swimming is 
decreased in stronger flow (Armonies 198813) the direc- 
tion of vertical migrations may be flow dependent. The 
presence of structure (Spartina culms or mimics) is 
another factor affecting active emergence and passive 
drift of meiofauna (Palmer 1986) but in a nonpredict- 
able manner. 

Consequences of meiofaunal emergence 

The high mobility of some meiobenthic taxa suggests 
the need for some changes in the traditional view of 
interhdal meiobenthos. (1) Because of specific differ- 
ences in emigrative achvity (at least in Plathelminthes, 
this study and Armonies 1988a, b; and in harpacticoids, 
Bell et al. 1987, Walters 1988), plankton and benthos 
are not distinctly separated in shallow waters. (2) 
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Abundance and population structure of swimmers may 
show short-term temporal variations, as has already 
been demonstrated for harpacticoids (Kern & Bell 
1984). (3) Similarly, specific differences in the swim- 
ming activity may cause short-term changes of the 
fauna1 composition. (4) Only rough small-scale correla- 
tions can be expected between the abundance of active 
swimmers and sediment properties such as granulo- 
metric composition. Instead, there will always be some 
specimens that failed to find an optimal benthic habitat 
after an excursion into the water column. (5) Some 
benthic specimens may exploit food resources in the 
water column. In the sediment their abundance cannot 
be  expected to correlate with the abundance of poten- 
tial food items. (6) While swimming in the water col- 
umn, benthos may be subject to predation by plank- 
tonic and pelagic predators. Some juvenile fish of the 
Wadden Sea are known to prey on benthic harpac- 
ticoids (e.g. Pihl 1985, Gee 1987, Zander & Hagemann 
1987). Since this knowledge usually derives from 
examination of the stomach contents, it is not known if 
the fish caught their prey in the water column or by 
burrowing at the sediment surface. The same applies to 
invertebrate predators such as shrimp (e.g. Pihl & 

Rosenberg 1984). 
In previous studies on meiobenthic ecology, harpac- 

ticoids and plathelminths were treated as any other 
benthic taxon. However, in retrospective it seems ques- 
tionable if species which perform routine migrations 
into the water column should be  attached to 'benthos'. 
Omitting these species will certainly result in a some- 
what changed view of the ecology of the remaining 
communities of 'holobenthic' meiofauna. 
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