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Control of meiobenthic abundance by 
macroepifauna in a subtidal muddy habitat 
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ABSTRACT: In order to assess the effects of macrofauna on meiofaunal community structure, field 
investigations were performed in a low energy subtidal muddy sediment in Loch Creran, a sea-loch on 
the west coast of Scotland. Meiofaunal colonization of azoic sediment in cages designed to exclude 
macrofauna to varylng degrees was studied. After 1 mo nematode density in all 15 cages was less than a 
third of ambient density. In none of the cages did the nematodes reach ambient densities within the 
experimental period. Copepods attained background levels in 3 mo in all cages and were in higher 
numbers in cages designed to exclude all macrofauna. Results indicate that small to medium sized 
macroepifauna control the densities of copepods at the study site. 

INTRODUCTION 

Although meiofauna used to be  regarded as a trophic 
dead end (McIntyre & Murison 1973), it is now acknow- 
ledged as an important food resource for higher trophic 
levels. Meiofauna is preyed upon by the juveniles of a 
large number of fish species (see Gee 1989 for review) 
and other macrofaunal species including shrimps, 
crabs, polychaetes, and gastropods (Teal 1962, Bell & 
Coull 1978, Nichols & Robertson 1979, Bell 1980, 
Hockin 1982, Robertson & Newel1 1982, Hoffman et  al. 
1984, Gee et al. 1985, Pihl 1985, Gee 1987). 

It has been a matter of controversy whether this 
predation regulates meiofaunal communities. Some 
predation studies indicate no significant impact on the 
abundance of the major meiofaunal groups (Alheit & 
Scheibel 1982, Dauer et al. 1982, Hicks 1984, Sogard 
1984, Gee et  al. 1985, Gee 1987), while other experi- 
ments have shown decreases in meiofaunal abundance 
in the presence of predators/disturbers (Bell & Coull 
1978, Reise 1979, Scherer & Reise 1981, Warwick et  al. 
1982, Fitzhugh & Fleeger 1985, Smith & Coull 1987, 
Palmer 1988a), or an increase when predators were 
excluded (Buzas 1978, Nichols & Robertson 1979, Reise 
1979, Bell 1980, Hoffman et al. 1984). 
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Apart from experiments conducted by Dauer et  al. 
(1982) at a very shallow (1.5 m) sandy site, every preda- 
tor exclusion experiment dealing with meiofauna has 
been performed intertidally and often on sandy sub- 
strata. In the intertidal zone abiotic factors such as 
salinity, temperature and current are unstable and reg- 
ulate meiofaunal community structure to a great extent 
(see for example Jansson 1968, Harrls 1972, Mielke 
1976, Coull et  al. 1979, Moore 1979). Subtidally these 
factors become more stable so biological factors might 
be  expected to play a greater role in structuring the 
meiofaunal community. Predation on sediment meio- 
fauna is believed to take place primarily in muddy or 
detrital substrata (Hicks & Coull 1983, Smith & Coull 
1987, but see Gee 1987) whereas in sand the greater 
depth of oxygenated sediment provides the opportun- 
ity to burrow and escape from predation (Coull & Bell 
1979). 

Here w e  report on a n  exclusion experiment with the 
aim of assessing the extent to which meiofaunal com- 
munities are structured by macrofauna in subtidal 
muddy sediments. In order to reduce the risk of physi- 
cal artefacts associated with small mesh size we have 
defined macrofauna as those animals that cannot enter 
1 mm cages. In this paper we concentrate on changes 
in meiofaunal density due  to exclusion of macrofauna. 
In subsequent contributions changes in other commun- 
ity parameters will be  reported. 
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STUDY AREA 

Loch Creran is a sea-loch situated on the west coast 
of Scotland. The loch consists of 2 interconnected 
basins, a large lower basin (11.49 km2) and a small 
upper basin (2.04 km2) and is linked to the outside sea 
area via shallow rocky sills (Gage 1972a). At least 2 
macrobenthos surveys have been performed in the loch 
(Mclntyre 1956, Gage 1972a, b). Hydrographic meas- 
urements carried out by Gage (1972a) show that the 
salinities near the bottom are comparable to those 
outside in the Firth of Lorne, ranging from ca 31 to 
33 %o. The temperature regime is also similar to that 
found outside, ranging from 6 to 15 'C .  

Following a pilot survey a site in the lower basin was 
chosen as a study area. This site is located about 100 m 
off Rubha Rieabhach Craigs (56" 31' 16"N, 5" 20' 38" W) 
at 11 m depth where the seabed is level and consists of 
soft mud. 

MATERIALS AND METHODS 

Exclusion cages and several types of controls were 
established on the seabed. The basic cage design con- 
sisted of a plastic box framework, with a solid plastic 
bottom (Fig. l ) .  A lid frame was constructed of 
aluminium angle-iron and tied to the cage with thin 
wire. The lid and sides of the cage were either com- 
posed of nylon netting or left open, depending upon 
the treatment. Six treatments, each of 3 replicates, were 
employed. The codes and details of the treatments are 
as follows: 
1 ( l  mm cages): These cages were covered in 1 mm 
aperture mesh, being designed to exclude macrofauna. 
1C (1 mm control cages): These were identical to the 
1 mm cages, except that the 2 narrower ends of the 
cage framework were left open. This allowed entry of 
macrofauna, while producing similar current and 
sedimentary regimes within the cages. The meshed 

sides of the cage were placed normal to the prevailing 
current direction. 
10 (10 mm cages): These cages were covered in 10 mm 
aperture mesh, being designed to exclude only the 
larger macrofauna. 
10C (10 mm control cages): Identical to the 10 mm 
cages apart from the 2 ends of the cages remaining 
unmeshed. 
OC (Open control cages): These consisted of the basic 
cage framework, all sides and the top remaining 
unmeshed. These permitted examination of biotic 
changes resulting from unwanted modification of the 
physical and chemical conditions within the other cage 
types. 
BC (Background controls): Areas of seabed, each of 
approximately the same surface area as  an exclusion 
cage, were delimited with wooden pegs. 

To establish the cages SCUBA divers first inserted a 
metal frame in the sediment and removed the contents 
down to 10 cm with an airlift (Fig. 1). Each cage, weigh- 
ted with a brick, was sealed in a plastic bag and placed 
in the hole. Cages were placed in random order at 2 m 
intervals along 2 arrays 2 m apart. Approximately 200 1 
of surface sediment was collected by divers from the 
vicinity of the study area and brought back to the 
laboratory. The mud was agitated and all larger ani- 
mals picked out. Then plastic trays (38 X 31 X 8 cm) 
were used as moulds to make frozen sediment blocks. 
Prior to the experiment the effects of freezing on soft- 
ness and texture of the mud, as well as the animal life, 
were studied. It was found that all animals died as a 
result of freezing and the mud returned to a smooth 
consistency after thawing. When all cages were in situ 
the mudblocks were inserted and the weighting bricks 
and plastic bags removed. 

The experiment was initiated in June 1986 and meio- 
fauna1 samples and salinity and temperature measure- 
ments were taken monthly from July to September 
1986 and in February 1987. Samples from the second 
month, in August, were not analyzed in order to cut 

Fig. 1. Schematic diagram of a n  airlift (A) sucking out bottom contents from inside an aluminum d~gging frame (B) (1 = buoy, 2 = 

flexible hose, 3 = air hose, 4 = sucking tube, 5 = digging frame in situ) and a n  exclusion cage (C). All measurements In centimetres 
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down extensive processing time. From each replicate 
cage three 5 cm deep cores, each of 11.34 cm2 cross- 
sectional area, were retrieved with hand-held perspex 
tubes and preserved in 4 % seawater formalin. The 
meiofauna was extracted from the sediment by cen- 
trifugation in Ludox TM colloidal silica (Platt & War- 
wick 1983) using a 45 kim mesh sieve. It was found that 
on average (n = 16) the extraction efficiency for the 
nematodes, copepods and other groups was 95, 80 and 
86 % respectively. The meiofauna was enumerated and 
identified to major taxa in a petri dish under a stereo 
dissecting microscope. 

Redox depth profiles inside and outside cages were 
measured using the method of Pearson & Stanley 
(1979) with a standard redox electrode, after 3 and 
8 mo. On each sampling date cages were cleaned in 
order to remove fouling animals and detrital matter. 

In order to assess macrobenthic activity within the 
cages and control area, the bottom of each cage was 
photographed on each sampling occasion and one 
Ekman grab of area 0.02 m2 was taken from one repli- 
cate cage of each treatment and one background area 
in September 1986 and February 1987, the macrofauna 
being extracted on a 1 mm mesh sieve. The replicate 
cages and the background area sampled with the 
Ekman grab were not sampled again after 8 mo. 

For each taxon differences in density between the 
treatments, and temporal differences in density within 
each treatment were investigated by means of nested 
analyses of variance. Even if no differences were found 
between core samples within treatments these samples 
were not regarded as replicates to allow more powerful 
l-way ANOVA as suggested by several authors (Under- 
wood 1982, Berge & Valderhaug 1983, Raffaelli & Milne 
1987) as this would introduce pseudoreplication (Hurl- 
bert 1984). Before the analyses of variance, all data were 
first log-transformed and Bartlett's test used for check- 
ing homoscedasticity. When conditions for parametric 
tests were not fulfilled, Kruskal Wallis l-way analyses 
by ranks and Mann-Whitney U tests were employed on 
pooled core counts from each replicate cage. 

RESULTS 

Abiotic factors 

Bottom salinity ranged from 28 to 30 %o during the ex- 
periment. The maximum bottom temperature was re- 
corded in September (12.5 "C) and the minimum in Feb- 
ruary (7 "C). These fluctuations are in accordance with 
measurements for the same area taken by Gage (1972a). 

It was clear that the sediment inside all the cages had 
not developed abnormal reducing conditions (Fig. 2) .  
The 1 mm cages which one would expect to be most 

Redox value (mv) 

0 1 0 0  2 0 0  3 0 0  4 0 0  500 

Fig. 2. Average (n = 2) redox measurements (mv) from one 
replicate cage of each treatment after (A) 3 mo and (B) 8 mo. 
Treatments presented are: (0)  background control; (+) open 
control cages; (0) 10 mm control cages; (D) 10 mm cages; ( X )  

1 mm control cages; (a)  1 mm cages 

susceptible to the promotion of anaerobiosis were after 
3 mo similar to the rest of the cages and showed the 
highest redox levels after 8 mo. 

Macrofauna 

After 3 mo both macrofaunal density and species 
richness were substantially lower in all the cages than 
in the background (Fig. 3).  The most abundant species 
in the background (Melinna palmata Grube, Apisto- 
branchus tullbergi [Theel] and Paraonidae spp.) were 
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After three months 

After eight months 

Treatment 

Species Individuals 

Fig. 3. Macrofauna density and number of species in Ekman 
grab samples (0.02 m2) in all treatments and the background 
after 3 and 8 mo. Treatments presented are: BC, background 
control; OC, open control cages; 10C, 10 mm control cages; 
10, 1.0 mm cages, l C ,  1 mm control cages; and 1, 1 mm cages 

not found in the experimental cages. There were no 
species in the cages that seemed to be opportunistic 
and take advantage of the situation. 

The picture was considerably different after 8 mo. 
Both the dens~ty  and the number of species in the cages 
had significantly increased (Mann-Whitney U test, p < 
0.05) and were similar to those of the background 
(Fig. 3). However, Melinna palmata was still the domi- 
nant species in the background and was not recorded 
inside the experimental cages. The most abundant 
species in the cages were Terebellides stroemii Sars, 
Scalibregrna inflatum Rathke, Nephtys spp, and Lum- 
brineridae sp., although none were clearly dominant. 

Much less activity wasvisually evident inside the 1 mm 
cages after 3 mo than in the rest of the cages, when 
photographs were compared. The surface structure of 
the sediment inside the 1 mm cages was smooth, without 
signs of macrofaunal activity. In all other cages epiben- 
thic fauna had clearly invaded and produced various 
traces. 

Meiofauna 

Nematodes and copepods were common in all sam- 
ples, while polychaetes were important in some. Cer- 

tain groups occurred with high frequency but in low 
numbers e.g. priapulid larvae, kinorhynchs, and 
halacarids, whereas others were infrequent such as  
amphipods, ostracods, oligochaetes and the chae- 
tognath Spadella sp. 

Nematodes 

After 1 mo of recolonization (Fig. 4 )  there was a sig- 
nificant difference between treatments (p < 0.001), 
nematodes being in the background areas in much 
higher densities than in the cages. The number of 
nematodes remained very similar in all treatments after 

Nematodes 

zooor 1 Aher one month 

After three months 

I Aher e~qht months 

Treatment 

Fig 4 .  Average number per 10 cm2 ( +  1 SE) of nematodes in 
all treatments and the background after 1, 3 and 8 mo of 
recolonization (BC: background control; OC: open control 
cages; 10C: 10 mm control cages; 10: 10 mm cages; 1C: 1 mm 

control cages; 1 1 mm cages) 
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3 mo. After 8 mo nematode density increased from the 
third month in all the cages (Mann-Whitney U test, p < 
0.01). However, after 8 mo nematodes were still in 
lower densities in all the cages than in the background 
(Fig.4),  belng significant at p = 0.063. 

Copepods (adults and copepodites) 

Although the copepods were after 1 mo of colonization 
on average in lower numbers in the experimental cages 
than in the background, they were clearly more success- 
ful in colonizing the azoic sediments than the nematodes 
(Fig. 5). As the residual variance after 1 mo was not 
homogeneous, a nonparametric test was employed and 

Copepods 

After o n e  mon:h 
2asr 

A'ler three months I 

After eight months 
l 

Treatment 

Fig. 5. Average number per 10 cm2 ( 2  1 SE) of copepods in all 
treatments and the background after 1, 3 and 8 mo of recoloni- 
zation (BC: background control; OC: open control cages; 10C: 
l 0  mm control cages; 10: l 0  mm cages; 1C: l mm control 

cages: 1: 1 mm cages) 

resultedin a significant difference (Kruskal Wallis l-way 
analysis by ranks, p < 0.01). There was an  increase in 
copepod densities after 3 mo in all treatments and the 
background (Fig. 5),  and in all treatments the densities 
had at least reached the background level. In the 1 mm 
cages, copepods were in much higher abundance than in 
the rest of the treatments (Fig. 5), this being significant at  
p = 0.069. After 8 mo there was a significant difference 
between the treatments (p < 0.05), background and open 
control being on average in lower numbers than the rest 
of the treatments. There was a significant difference (p < 
0.05) between sampling dates for all treatments apart 
from the background control. 

Nauplii 

No significant difference was detected in the abun- 
dance of nauplii after 1 mo (Fig. 6). After 3 mo there 
was a significant difference (p < 0.01) between treat- 

Nauplii 

a?*- ono r o r ' h  

Aher e~ght  monlhs I 

Treatment 

Fig. 6. Average number per 10 cm2 ( +  1 SE) of nauplii in all 
treatments and the background after 1. 3 and 8 mo of recoloni- 
zation (BC: background control; OC: open control cages; 10C: 
l 0  mm control cages; 10: l 0  mm cages; 1C: l mm control 

cages; 1: 1 mm cages) 
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ments, the density of nauplii being by far the highest 
inside the 1 mm cages (Fig. G) ,  where adult copepods 
and copepodites were also in highest numbers. There 
was no significant difference between treatments after 
8 m o  (p > 0.05). 

Polychaetes 

After one month 

Polychaetes 

Densities of polychaetes were after l mo about 3 
times lower in the cages than in the background (Fig. 7, 
Mann-Whitney U test, p < 0.01). However after 3 mo 
they reached the ambient level in all the cages. After 
8 mo the total number of polychaetes inside the 1 mm 
cages were in much higher numbers (Fig. 7) than in the 
rest of the cages and significantly higher inside the 
exclosure cages than in the rest of the treatments 
(Mann-Whtney U test, p < 0.05). The observed differ- 
ences were mainly due to Ophryotrocha spp. 

The extremely high number of polychaetes (mainly 
Ophryotrocha spp.) in the 1 mm cages after 8 mo (on 
average 384 ind. per 10 cm2) coincided with the reduc- 
tion of copepods in the same cages. 

600- 

500 - 

LOO - 

300 - 

After e~ghr months 

DISCUSSION 

The ideal way to evaluate the effects of predation/ 
disturbance on meiofaunal communities is to approach 
the problem from different angles. In connection with 
exclusion experiments to estimate overall effects, one 
can apply enclosures to evaluate effects of specific 
animals. The results from such studies may then give 
rise to laboratory experiments, where under controlled 
conditions different levels of predation/disturbance can 
be  applied on the meiobenthos. In the current study it 
was found that both enclosure and laboratory experi- 
ments were not feasible. This was mainly due to the 
fact that potential predators were either caught in too 
low numbers, or when in sufficient numbers the state of 
the animals was generally too poor to use in an experi- 
mental setup. 

Reise (1985) reviewed caging methodology and 
pointed out the problems and how to deal with them 
(see also Arntz 1977, Virnstein 1977, 1978, Hulberg & 
Oliver 1980). By choosing a sheltered site and the use 
of partial cages as controls, one can reduce and esti- 
mate physical artifacts. Still there are some obstacles 
that are difficult to overcome. Drifting algae may 
become trapped by the cages (Hulberg & Oliver 1980, 
Arntz 1981) and fouling and predator attraction are 
problems that are not uncommon in caging experi- 
ments. 

In this exclusion experiment, fouling of the cages was 
evident after 2 and 3. mo. This involved mainly ascid- 

Treatment 

Fig. 7. Average number per 10 cm2 (f 1 SE) of polychaetes in 
all treatments and the background after 1, 3 and 8 mo of 
recolonization (BC: background control; OC: open control 
cages; 10C: 10 mm control cages; 10: 10 mm cages; 1C: 1 mm 

control cages; 1: 1 mm cages) 

ians, which settled on the cages, both the frame and the 
netting. The top of the 1 mm cages also accumulated 
sediment and detrital matter. However this problem 
was solved with the partial open cages, which were as 
much fouled as the others. Congregation of animals 
inside the cages was not detectable on sampling and 
inspection dates. 

The slow colonization rate of nematodes is in marked 
contrast with studies performed intertidally where 
completion of recolonization occurs w~thin  hours or 
days (Sherman & Coull 1980, Kern & Taghon 1986, 
Billheimer & Coull 1988, Savidge & Taghon 1988) but 
in agreement with subtidal s tudes  (Alongi et al. 1983, 
Sherman et  al. 1983, Widboom 1983). Intertidally, 
where hydrodynamic forces are relatively high, passive 
resuspension of meiofauna into the water column pro- 
vides a quick dispersal via currents (see review by 
Palmer 1988b). At this site currents are minimal so one 
would expect nematodes to colonize the cages slowly, 
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due to their inability to become actively resuspended 
and take advantage of the relatively quick route of 
water column transport. 

The recolonization of the copepods was much 
quicker than that of the nematodes and in all the cages 
their densities reached the background level in 3 mo. 
In the light of colonization experiments performed sub- 
tidally (Alongi et al. 1983, Chandler & Fleeger 1983, 
Widboom 1983) and studies on the dispersal mechan- 
ism of meiofaunal animals (see review by Palmer 
1988b), a comparatively rapid recolonization by the 
copepods was expected. 

Copepods in 10 mm, 10 mm control and 1 mm control 
cages reached background densities in 3 mo and main- 
tained that peak to the end of the experiment, although 
there was a decline both in the background and the 
open control cages. It is possible that organic enrich- 
ment occurred inside these cages (10, 10C, 1C) because 
they all had lids fouled with sessile macrofauna (mainly 
ascidians), but not the open control cages nor the back- 
ground. Organic enrichment has been shown to affect 
the densities of the major meiofaunal taxa (Marcotte & 
Coull 1974, Raffaelli & Mason 1981, Gee et al. 1985, 
Moore & Pearson 1986). 

It is evident that protection against epibenthic preda- 
tors in muddy substrata may have profound effects on 
the meio- and macrobenthos. Inside the 1 mm cages 
the number of copepods after 3 mo was much higher 
than in the rest of the treatments. As the 1 mm control 
cages, that should have similar physical conditions to 
the l mm cages, were not different from the open 
control, 10 mm control and 10 mm cages as far as the 
number of copepods is concerned, then it is most 
unlikely that cage artefacts brought t h s  about. It 
appears that biological factors accounted for elevated 
numbers of copepods inside the 1 mm cages after 3 n ~ o .  

The meiofauna inside the 1 mm cages was protected 
from almost all macroepifauna. In the other cages 
there was, however, free access of these animals, 
although in the 10 mm cages only small and medium 
sized macrofauna were allowed to enter. There was no 
apparent difference between all the cages as far as 
macroinfauna was concerned, so it appears that small 
and medium sized natant epifauna (able to enter 
l 0  mm cages) was controlling the densities of the 
copepods, either by predatioddisturbance or competi- 
tion for food. However, it is difficult to pinpoint one 
particular species that could be regulating the 
copepod densities at this site, although a few possible 
candidates can be identified. Based on underwater 
observations and the results from trawling, the 
epifauna was mainly composed of shrimps, crabs and 
small fish. The bulk of the crabs were too large to 
enter the l 0  mm cages, whereas the fish and the 
shrimps were able to. 

Crangon crangon (L.) ,  the dominant species in the 
trawl, is known to feed on copepods (Reise 1979, Gee et 
al. 1985) and harpacticoid copepods have been found 
to be one of the dominant food items of juveniles (Pihl & 
Rosenberg 1984). When gut contents of 20 specimens 
of various size classes were analyzed there was no sign 
of meiofauna: most stomachs were empty, a few con- 
tained detritus and one contained polychaete remains. 
However, the brown shrimp eats mainly during the 
night and the stomach content can drop to a very low 
level in the afternoon (Pihl & Rosenberg 1984) which 
may explain our results as samples were taken at that 
time. 

Gobies are known to prey upon copepods (see Gee 
1989 for review, pers. obs. from study site) and their 
presence at the study site might have had an effect on 
the copepod numbers as they could enter the 10 mm 
cages but not the 1 mm cages. However, lack of com- 
bined pressure (predation, disturbance and competi- 
tion) exerted on the copepods by a variety of natant 
macrofaunal species may be the most likely cause of 
increased density within the 1 mm cages after 3 mo. 

The reduction of copepod numbers inside the 1 mm 
cages after 8 mo could be attributable to density- 
dependent factors. One might be tempted to explain 
this reduction by interspecific competition as there was 
a simultaneous increase in polychaetes as copepods 
decreased. On the other hand it is equally possible that 
intraspecific Competition was occurring and this can 
only be tested with laboratory experiments. The 
decline could also be explained by natural seasonal 
reduction, as happened in the background area and the 
open control cages. 

Meiobenthic polychaetes, many of them belonging to 
the nonpermanent meiofauna, were also clearly pro- 
tected inside the 1 mm cages, but not until after 8 mo. 
This slow response to exclusion may be explained by a 
slower colonization rate compared to copepods. The 
exclusion of larger epibenthic predators (cages with 2 
10 mm mesh) often results in higher densities of mac- 
roinfauna (Reise 1977, 1978, Virnstein 1977, 1979, 
Peterson 1979, Holland et al. 1980, Dauer et al. 1982). 
In contrast to copepods, polychaetes were to some 
extent also protected inside the 10 mm cages. These 
polychaetes were larger than copepods and may there- 
fore be preyed on by larger animals. 
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